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1 Dredger Cuttertooth Manipul ator The present
invention relates to a dredger cuttertooth

wWOorus(08dsst or . A dredger cutterhead is used to BXI/ITE2004/003443
material from for exanple, the seabed. The cutterhead
Is mounted at the end of a cutferladder which extends
fromthe hull of a dredger ship. The cutterhead is
Dreligdr@htSRodth Madibuldior | | S or grinds al ong the seabed.
The cutterhead is provided with arns. It has teeth
nount ed on | eadi ng edges of the arns. Openi ngs between

TR BBl Rl FHeS o RoreRgS R b emimBeSF  of 1 om

t he seabed can therefore be sucked up through the
openj ngs between the arns, along the cutterl adder to

A Klgedger gydarhendd 15 usedr tor extpghumaterinh from, Swatrediplensbh seabed. The
' r. .Shi re ofte

i BB M 0 RS R ) o

shipnelitghinttaheabizsubta®d soahanésdr{lBlor 2K glong Tsseabed. The cutterhead is

cut.terhead may have an outer djaneter of about 3.5
PRLRL R 3t ) GriD TR ot ¢ eg CHE<eRS o armeg Openings between
theh@dsSform vénBRbf BhanREINP R Qﬁre{?: igfé ol Eéjcxbg@ t&a?eq’{aé é/%ahthe cutterhead.

cutterhead, each being edged w erhaps ten
Matealvioerh dhe seabed ean thatfake bé sstkedyup theddehf the dpeRings between the

tterhead. t oot I [ h 20kg. | .
ofith e suttaddGebe Arcdie e dor KBl Bpmane Sirbmanuch like a
lagabashubocl®ieak it apart or to loosen it. Eventually,

however, the teeth will wear out. Accordingly, it is
necessary, regularly, to replace the worn teeth. In
t he dredaqi

I e th ra. teeth . .
AL ot SRRV T8 Bt E6ble SO e Rifrnggs having a weight
ofiebels 30ctoheesr(30,560kEY. 0Thé bertsReddaday RaveOarPouter diameter of about 3.5

cutterplatformat the rear of the dredger ship. The ]

meigrs éP‘g ft5 heightyor length angy sy aboyb 2\iamelerss Bix Rpiral vapes meythe provided
r p n .

O R R bR SR ety 4l PR UR e Bvice o tott of

sixhetecbddi thg cetdgrbsadofEdchdoath abnbyvdigls pperaponoiel. on t he

ship. Once the broken or worn teeth have been

repl aced, the cutterladder can be returned to the

s ﬁ@:‘? atb tedth %ﬂgﬂig@:ﬂbﬁ(‘cﬁé‘ idtb e rﬁ%ﬁlﬁlrﬁi?the Ldhea &5 Rl%ag %hpdf or to loosen
it.s E%Vgntﬁ)glrl}?,%gr\:v%verf th%ntglethgwiﬁ vst/e(;;)tout. ofgcc?)rc;:ig;lt}f,e irt iser?ecéssaw, regularly, to
replace the worn teeth. In order to replace the worn teeth, the dredging operation needs to
be stopped and the cutterladder needs to be raised from the seabed up to a cutterplatform at
the rear of the dredger ship. The cutterplatform is clear of the water so that the tooth
change operation can be carried out by personnel on the ship. Worn or broken teeth are
then removed from the leading edges of the arms by the personnel on the ship. Once the
broken or worn teeth have been replaced, the cutterladder can be returned to the seabed.

Dredging can then continue. Figures 9 and 10 show personnel changing a tooth on a

cutterhead.

When dredging hard rock, typically six hundred teeth need to be replaced per day. It takes
approximately 30 seconds to change each tooth. Perhaps three people are required to

change a tooth. Further, the hoisting ahd lowering of the cutter ladder takes about five
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When dredging hard rock, typically six hundred teeth
need to be replaced per day. It takes approximately 30

W@ e@onssss o change each tooth. Perhaps three prOPIBRIGY®3443

required to change a tooth. Further, the hoisting and

| owering of the cutter | adder 2t akes about five2

m nutes in each direction. Further, during each tooth
mgihates én epar diréation. dhother, 20ring e3ch tweh lehange bpkE6LIabout 20 to 30

e TR P P
&l b BErsontrde tifleZ Fubtherd AR $RSSMETRH D fiffled %’Zttg‘[g gapabilities of the

.capabilities of the individual who handles t
pdividudewhe hardies the 0ddi apdhewyteethqulealieand safietys exmirements in some

les.actually limt.t I ght ~of each tooth to
SR SRR T wrieflened O G g0 n ifer B8 chterhead, being so
heayg &y @utgerodl YétUuih@l thel HEhHB LRSI al’ @ROYEHarfRRRE For example
danger ous. For exanple, heavy tools such as ’
heavwyigelsaneke ps slgfgehamamersypieriisad vien | mameatyvienpvamgland replacing the

| @G4400 e af et t her ef or. eeds,to be
P SR00 A St RSl 160 SR BHRER PSR persomnet e

wodkikg neprioean tiny cuntertich® octebthe rAaetifigly eRtWould be desirable to provide a
it wo be desirable to _provide a new

Accordi ngly, I >
Ny Sy R I%F aa‘“’é*ﬁliht‘%fkJ Hgadjf%ﬁg%ﬂtﬁt Sl apindmige equipment down times and

Ssbidd ﬁeﬁaleﬂgeag{d ' !
p[ equi | B s, an aﬂq%\gw h 3R 0 qu %thre%\c/{vg%lgrug)é)re sgd i larger tooth
wilh epablei dasger- cuttethmadieto beo designaill dndethaleiferel fs@E dredging. Larger teeth
eyl t et heads .t o, be signed and therefore faster
W R bR gl Spd Bttt Saveu e be sbmash dess fsquently.
therefore they woul d needt o be changed | ess
frequently. A s%stem proposed in the art is to repl ace
At yystegnpropeseduins e etald tapeplaeaatiie dntirs tirtigrhend uponesat Goisting and
4 he t [. wever . the cast of .providi ng .
logn%P%? p?fgéﬁ%uﬁ%gﬁ%eaas Ii'{_gw‘f)‘fe&hp’gi £950 T QY thg%_tqfl‘é]r“ﬁ’g’a&u“erheads is
probibitivel; gackedugithead pototlyriieiihy aFQrokﬁﬁ‘dl@fy 36 ©rindY,AoViRSoles a lot of
| ot of .raw materials, but is also a precise

I

Tagh FRASHAlEr BUt i1 ealso Hawreripel aanufeiteredn diemy, eéwing neloss tolerance

Qi RASthE I R85 t d . the tooth .
regt t%lf:léh}ﬁrrse nt rrtécp% S ioéér)rgcfr tiilﬁééfﬁfhg? & otroé’ﬂgrai‘a‘g?(’ﬁ‘é‘ﬁsW‘éhangms- They
therebate eee expentiheto, prddeet Buttle, dwi ®hthe eipiico it cath@ask, replacing
ihk %E‘b‘aﬁ%i %E.t he. cutterhead is.,a time consuni ng and

anger ous o oL ITHIE andyganeervs HEpCeRetigtaet irthen the heavy
welzht bethe hitehBRPRqhRGU V&S sBbM&THAl ?féteét cﬁrgdruzéwéalgstﬁ gseolglstalled on

equi pment to be installed on the ship for
the ghipdox replasingdhe Titterkegdi Paeequipthbiey thboefore, proxddothe Weuccessful.

Al ljﬁ' An i mpr.oved and nore cost efficient
35}2@&&? %{cf 8rree gtregﬁ?lglattﬁy?tgral_ 1s t ergfore requ1re£.
The present invention provides a dredger cuttertooth manipulator comprising at least one
robotic tooth handler, the manipulator comprising means for:

1. removing a tooth from a dredger cutterhead; and

2. replacing the removed tooth with a new tooth.

Preferably the tooth is fixed to the cutterhead on a spigot, a spigot pin extending through
the tooth and the spigot to secure it thereon. Alternatively, the tooth can be fitted on a
spigot with a spiral form, with a spigot pin being fitted at a side of the spigot and tooth, to
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The present invention provides a dredger cuttertooth

mani pul ator conprising at | east one robotic tooth
wh20vdloassg4 t he mani pul at or conpri si ng means f or PCT/IB2004/003443

renovi nga tooth froma dredger cutterhead; and 2.

repl acing the renoved tooth w4 ha new tooth.

Preferably the tooth is fixed to the cutterhead on a

BledPth QIR trud RO dhi 0 0

e e B B e (ol MRty B i ay be tack-

waddedhor ghed entoi 2 spigotonl thespittgdicadvi The euttgpioveh dhaiipalator, therefore,

i th a spi in.being fitted. at a.side of the spigot .

Bt Gt R R B bR nE Yot b e iR i on grplies e spigot pin

0% i thédns ffey dlhcoﬁhé&ihgdﬁé ViRldor 3106 bEQRER tHBMORE and the s igot, such as a

t ackwel ded or glued onto a spigot of the cutterheacP. 7

wiekd cettrros elug selientani pul ator, therefore, conprises a

hand for gripping the tooth and either a pin driver

far extracting the spigot pin or a neans for.

Piéfembhynthe nhandpuldier vhistises 1gb webdIR! t0BBMdniRr$ 0Pk it Gemoves worn

%ﬁlﬁg?%ftg\got, 1itéllch as a weld cutter or glue solvent.

k SSeopR EtsReny tsethde seplecsithe Weasteetho robotic tooth

handl ers. The first renoves worn teeth and the second

fits newteeth to replace the worn teeth. Preferably

Préferahbyrttie handfis fitteditdt the ffine rébatttosthb@hdler.t oot h handl er.

A second hand for gripping a new tooth and for

securing the new tooth to a spigot may al so be

ADseR¥hdIRshd 6F SERAARA New Aot 85 Hof Totrink Shdhdul tﬁotﬁ% 9%bigot may also

pin, for exanple by driving a spigot pin eilther

be mrevided. theferabbt theasegutcheent i gith ospiget peefor diaaple by driving a

th and the side of the I got , rhaps in a
0 IR A8, B R ETLSE A Byt
side| of i the spigotg berhiigs i gk thérBint Mhe SBEGChentT BE: ﬂkegﬂz?tinvely be by

V\H‘pglfjerably conPrl ses a spiral elenment for assisting

% 0F glutng thg fogHnierihe epigetadhe spight prefarstly spingwises a spiral element
& £krEabk Lral. el i yarter=tur .
hel | céﬁgtl %J;g(.ﬁ héﬁ ecgﬁgggﬂghned?ologl %PZ#I rsgfﬁ?%' B)lr%(?fat?gﬂ the spiral
eloment is ecpaderrtotndielicaltthebfh. handl er. Preferably the

mani pul ator is nmounted on a cutterplatformof a

dredger ship. Preferably the two robotic tooth

Thesstbfd Barfi§ pFaRHIBIS prONIQPRLS §ond Aot

cutterpl atfoPm fo?%trhe cutter 8adg(?%ugtéoqt%€?lsapglgni nto

a position between the two robotic tooth handl ers.

Preferably the manipulator is mounted on a cutterplatform of a dredger ship. Preferably the
two robotic tooth handlers are mounted on opposed sides of the cutterplatform, for the

cutterhead to be hoisted into a position between the two robotic tooth handlers.

Preferably the manipulator is mounted on dampers to isolate the manipulator from
vibrations caused during dredging operations. Preferably the damapers can be clamped to

prevent damping for when the manipulator is manipulating teeth.

Preferably the or each robotic tooth handler comprises a multi-axis robotic arm having a
hand for engaging or gripping a cutterhead tooth. Preferably the hand is at the end of the

arm.
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Preferably the mani pul ator is nmounted on danpers to
i solate the mani pul ator from vibrations caused during
waele@dnsisgs operati ons. Preferably the danpers cBOI/B2004/003443
cl anped to prevent danping for when the mani pulator is
~ mani pul ating teeth. Preferably the or each robotic
tooth handler conprises a nmulti-axis robotic arm
Phefuiably ot Hyaraulip §R3EMY di¥e ME VR { i_axi
t 00t hl.g’ Pref er abHyIa{/ theﬂ?i and i S&S{V Qﬁ%%%éﬁg%gﬁs %%Ltﬂé@gl?eﬁcﬁ multi-axis
Thofic@fEbl y motors or hydraulic systenms drive the
various elenents of the or each nulti-axis robotic
arm A nethod of manipulating cutterteeth on a dredger
Acmtthed o€ agnipslatihg eutlértetiostadrelgerduté bR i€ sdaRepLeLf
the invention, there is provided a dredger cuttertooth
mani pul ator conprising two robotic tooth handlers for
I i r . cut t er head and .
| PR Al ¢t hO B Enl Thde B 5061 & e B ePBomantputator
cqmpijsing Hwoneabiofial @bthr hasditist foe drenovangd e dgeh BHP. fréhCa dredger
ol M rgbotd'acf t oot.h .hantgll ers being nounted on opposed
o™ 8%%?@?8?1& 81 FRmoved Haoly éHYevighig mewr tedth (48). The

bRk i i Y n.the
AL 00 SEIEL byt S G IS i

opprosechgides efegtterplatéorti offthadredgetshiufor ittee &tigerhbal tothe hoisted into a
e o and.wl|. now be described, purely by
pﬁ%@ o¥ %g?(%n%gé‘?’o OHCF%%ﬂéﬂ%!m Sto the acconpanyi ng

draw ngs in which: Figure 1 shows a dredger ship

having a cutterhead engaged with a seabed; Figure 2
F 'éfﬂmreéerbﬁdeﬁemf‘é@f dheoresent inventfonzarel ses gt in thet dlsintsappbnded hereto

alBHIPEveh O Hed w th the present invention )
on a cutt e?%%cg??dé ?’%{%}m? ﬁ@yé) trfgézb"é? CSW}%S Igtereneg (e dhe accompanying
drewingsén hishows a detail of the first station of the

mani pul atoro f figure 2; Figure 4 shows a detail of

the cutterhead of the dredger ship fromfigure 2;
FiEn@Ur hoWrs SR eF Qg hhsingh L AL Of e NE

mani pul at or %@efi gﬁr e I2lg ﬁ?‘gﬁ?@aﬁg& '%%e\?\l/s‘eith ap e%z}edta

mani pul ator in accordance with the present invention;

Elqure 7 sho in eleyation. a ni pul ator _in
Fi 1 ok ows’iiprcgf%ﬁe%1 ﬁl@hﬁ %&h‘?f 3 dtg i%gﬁf’:rtooth manipulator in accordance
with the present invention on a cutterplatform of the dredger ship of figure 1;

cordance"w

Figure 3 shows a detail of the first station of the manipulator of figure 2;

Figure 4 shows a detail of the cutterhead of the dredger ship from figure 2;

Figure 5 shows details of the second station of the manipulator of figure 2;

Figure 6 shows in plan a manipulator in accordance with the present invention;

Figure 7 shows in elevation a manipulator in accordance with the present invention;

Figure 8 shows a spigot with three alternative teeth for mounting to the spigot;
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Figure 8 shows a spigot with three alternative teeth
for nmounting to the spigot;5 Figure 9 shows an
wW@bdosnssssd ve cutterhead; Figure shows a nman OpRCHIB20@H/(@3443
spi got pin renoval tool for renmoving a spigot pin from
a tooth and spigot in accordamce witha prior art
nmet hodof tooth renoval; and Figure shows two nen about
Figure9 alidwoar dtanative battahéagot pin of figure 10.
Referring first to figures 9 and 10, the nethod of
changing a tooth in accordance with the prior art wll
F ' . jded.on a spi.got 12 .
R PO SRS paf b5 ng 88 A RERNLA Ty 86 fomifigh sbiotpin from
a faatlaetrbspigat in hecordamde withadyo brtanctBsdolboth fuidval:hgad
on a spigot 12 with a spigot pin holding the tooth in
pl ace on the spigot 12. This can nore clearly be seen
Figird 1 1098Hovs4weméh abbuf folsBirt ﬂé%ﬁ%@@e e sEi%lopﬁfﬁ b ﬁ%t[r 10,
finger of a tooth renoval tool again e spi ot pin
14. A second person 20 then uses a sl edgehammer 22 to

' SR ip. 14 . wth the.tool. part y out of .
Rl SRF S RRAE 0Bl 105 o B enfordh it Berostince with the
pridradrt avikt Qﬁmﬁécrﬂbddﬂg&rworhitﬂ&ﬁrlolﬁro‘i}fdeﬁ% 3 %?Lgcﬁai"? R&hown in both

rive the spigot pin fully out of e hol e.

used. to
figires %%@%%p procedure is required due to the length
of the pin - a shorter finger of the tool will be nore

easy to align with the head o f the spigot pin 14 when
Thet teoth Hyistattacheidte theHeadingeded dfag M e atca@bHkAd 3R, spti%]ot 12 with a
e

[ LA ird h h
seijol Pt Folding e fout £ pladg rmit St 1T hisaammers clearly be scen
ingiveY or Shanftshertdd 4 hcﬂ&% 2 Akt t@ihg&tecgf gtatﬁgfr?l\é\x"aegxgdvggfoof ;l]g against the

(or the old spigot pin 14) in
spigat ol h eAsioror@i(person i thien iites tahlcalggiuntiabeX kd diibetHeaWigot pin 14

d.th ' t. 1 t.ainj th
T AN b e
thaireestgenid, SlohBer? fingdr 151HTWRe 0o €8 d5£69 ﬁ§edstg gigiv%‘]the sPiﬁat pin fully out

cgnﬁr' ses a cutterladder 26 having a | adder rals
of {hgy Pfeme?hl%v%ﬁ%@r@@dwmu@ Inequiied relup U Itlest Idogitio of ke pini P a shorter
fi Byt {1pat own) . raises the cutterl adder 26
mt?ggf/var e thiC Eﬁ“@g g)lge{? (?% 3, Al E’ﬁwﬁe B?P%t e e SRigPtaHn 14 when
staTtieg toadrsedhpi 14 fom ey tobihel Ocanidispidopgizier 2 6 i's shown

in dotted lines 34 in figure . The cutterl adder 26 has

a cutterhead 36 at a distal end thereof. The
A GiHd S8R oBShovid) S emoves the old tooth 10 and replaces it with a new tooth

48 (not shown). Then the first person 16 places a new spigot pin (or the old spigot pin 14)

in the tooth ready for the second person 20 to drive it through holes in the new tooth 48
and the spigot 12 for retaining the new tooth 48 on the spigot 12.

Referring now to figure 1, a dredger ship 24 is shown. The dredger ship 24 comprises a
cutterladder 26 having a ladder raising and lowering wires 28 which, when pulled into the
ship 24 by a pulley (not shown), raises the cutterladder 26 towards a cutterplatform 32, as
shown by the arrow 30. The raised position for the cutterladder 26 is shown in dotted lines

34 in figure 1.
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engages the seabed 38 for dredging material fromthe

seabed 38. In the raised position 34, the cutterhead
w@osm3sBear of the surface A Q of the water. PCT/IB2004/003443

Therefore, the tooth change operation is carried out

on board the ship 24. The cuttg@erhead 36 is shown in

nore detail in figures 2, 4, 6, 7 and 9. As can be

Theentterddiderc2t hay hertrtdhdilzs ganksal dnd haghs pﬁ?é_'éd?ﬁ%rh@eﬂfj% in use
ext endi ng generally radia ’ ’

conpri.ses .cqil e r ns, y
eflg% flﬁ‘?ée%ﬁfgﬁ 8cfgr &ﬁaglﬁé magsind flom Geaeabed BBe out er most

rimof the hem sphere. However, they are twisted (i.e.

coi l ed) around the hem sphere to define a slight

I gh sajpainpositien dntheacuatterheds36ds alleadnd @8 Supfals 0¥ B the water.

| eadi cutting edge.4 4 haying toothnounting
ThesTdtr-oie ond e PRPTeingds eiried oo heprd f shindt
enbodi ment shown in figure 2 and 4, there are eight
TBOSiti ons per |eading edge 44. This provides for a
®eulferbgadsth is shown invmorsdadail apSgirey 2, 42, Ir @dy. X AeE be seen, the

e armg. [Referring tq figure 2, one new tooth
C‘% %{%8&6;%#%@%&“{%5% S Aol romibiises fdileprums st Andipg generally

radiallyofisorh etle @Pex of EeOdmiSpiErs dwirds he | i
so in figure 2. fIz'eefer rvivngsto ?]{ltglglﬁogsé%?gtgﬁzme hemisphere.

hown al digu 4
JEY - %&Y éﬁ‘dt“tlﬂé‘g 5t oilosh) appund shehomisphens ® ddfimanl slight corkscrew.
[ t t .or Wll. be forne .
OSSPSR B MARIPT, LPfl ebbi RS O ke 44 having tooth
mproivigiesiioms t4éeequally epaveddhsibaloftt $h B erhBbdih&H sB10%vn in figure 2
i,fional .tgﬁet h.50 can be provided around the
a"gﬂ‘?etf‘?fﬁ &fe PehiRAstne Rekleading dge 4 ¢ dhisqudvides fovattotal of 48 teeth.
Vehe sopitgls i40nad pﬂo@ﬁl"e@ b@QVeeﬁlm(} Er&tsal nunber of teeth
e

on the cutterhead is Increas [0 54. More than eight
t oot h-nounti ng positions 46 can be provided on the

[ d f th . her, h [
SRR RS o b T P S e o 4
is picamiedash H5pieAHmiiSa@ithd fRAABIBEs T2WRNwm Q?onmsﬁﬁ}r% r4re Referring to

can be provided. For the purpose of this speci
fighee &y thst tooih 3hondvtbe spigntsyl 2 8ret stetvn aBracieaydy.ovihdedpidts 12 are

B aGHt ferring, to figure , .a detail of a |
R o TR Wi Be bt i g pipvided on
the tittanhead36. t ooth i s shown as a worn tooth. In order to

attach the tooth to the spigot 12, the tooth 10, which
has an aperture (not shown) in its base, sized to fit

A RHEWY ih figure 9, additional teeth 50 can be provided around the outermost
circumference of the cutterhead 36. With these additional teeth 50, the total number of

teeth on the cutterhead is increased to 54.

More than eight tooth-mounting positions 46 can be provided on the leading edges 44 of
the arms. Further, more than six arms could be provided. Similarly, less teeth can be
provided on each leading edge or fewer than six arms can be provided. Fox the purpose of

this specific description, however, only 48 teeth 48 are provided on the cutterhead 36.

Referring to figure 11, a detail of a preferred connection between a tooth 10 and the spigot
12 is shown. The tooth 10 is shown as a worn tooth. In order to attach the tooth 10 to the
spigot 12, the tooth 10, which has an aperture (not shown) in its base, sized to fit snugly
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over the spigot 12 (shown in full in figure 4), is
fitted over the spigot 12 so that holes 52 (one shown)
w0 pooshsssspot h align with a hole (not shown) i nP@TIEB2004/003443
spigot 12. The holes 52 in the tooth are provided in
fl anges 54 extending fromthe base that engage in a
slot provided in the spigots 12. This hel ps to prevent
over thieispipo0l2 Eodnl i TAR A Rird NHEist BRI, -shi pot. 12
si nge ﬁwge f gﬁi es Io.cateﬁi%gl tﬂélssl ots.‘%gﬂiegsﬁjé *?Hgi.) O%llﬁth(’les 52

(9ne shewm) iy the éepth AP aligh withen hndé Gt slowmck theepizooih THe holes 52 in
| T i.n l.ocks in the hqles

U8 858, 90 0 Or A, Hnac S BUBREE b ot e B et in o

pravédedoiotthe spigots h2. Mhischdlps fohgevent Bkticklor J!ﬁgu%nmem of the tooth on

qenga rﬁnt fié is sufficient to prevent inadvértent

heCiPl 12 oncerfe prmees dogpiein the tsats. mit pigié pof 14itis dwhndriven through

R led OWEMEMhe tRRE T L glacéaﬁn ﬁ%%ggg?gggr ﬁﬁg Ilphgloggg ?rgﬁg‘}holes with an

to a skilled person, or as als

crgagagent ftiuntbetththe dppodedduia B «fheviootln 1alah@ﬂ{@hd'f>1\é§n the spigot 12.
'S

r enment .f or e spigot 12, The spigot itsel
THE CARSRIERL 6L B sybent G Proveat inerierint repovabiof gt aimoimguse, Other

miett®dg ol Sittach®ens Ated Qﬁbwlzg?r, %Q&ftﬁé Qs oﬂﬂsbgﬁlgicgif %%p{rgréttn%ﬁ) a skilled

- a quarter-turn helical thread. ree e
PYROT, Op anlseuseddnthe fidld bf diefigecetierhpaisnt shapes. There

is a pick point 110, a flared point 112 and a chi sel

poi nt 114. These each are suitable for different rock
Figyyee® shoreart sleiinti48 agmoodoeit S6H t80%nidar B N ;
.8 are %gner,al ly in agco%dance.vvi t.hplépi gd?\g@fgfggg&g%&%lfls Square
I SEEHIP HBOTHE 2dnbutspiraliechilaeg!its eim Ese spig®TIY, theréfire, has a spiral
fothie 4 §i2SeMRIK hEEla RTM, which teeth are well

knovvnéii n the aFit%acllnilﬁgardc(édgi ng. The teeth (only one of

which will be fitted to each spigot) have an aperture

not,. shown t their bases 116 simlarly shaped to the
T‘éﬁ‘? S%fer‘?% rtg?ﬂ?f‘? EFyRlen slevan viiadifieeeniipoint shrpehieTharalis a pick point
110h & @Rgedpoihh €15 MR thikel pdi st alhed pasitian

(not sho%vn), the fl ange }ill{;l %&tﬁ%% %dghgg%gm%qﬁ? or different rock
tYIBﬁﬁpose a flat 115 of the spigot 12. A spigot pin 14,

in the formof a slip of netal, rather than a

cylindrical nenber, will then fit tightly into the gap

Theatethdfl abliehd ipanga2khéwant Fidige &l o & with spi
lzté)rg{ h ﬁ;& gnéo t he spi ‘g?gttl 12@%% pi % faa?lytﬁﬁce#é rg%gc,e W]th Spigots
uK festhy (9 1tg ean he oibirinegk fromeEsqoi (REMANtdag shestademerk Heliloc
NgM; f t A8 10 vent t tooth 48
m?%h%%#?ﬁg a(r)r% P@%l rl]cglgéfgllﬁ glixe £t BF Sre%glng. hlehe teeth (only one of which
will be fitted to each spigot) have an aperture (not shown) at their bases 116 similarly

shaped to the spigot for fitting onto and mating with the helical thread of the spigot 12.

In the installed position (not shown), the flange 117 of the tooth 48 will oppose a flat 115
of the spigot 12. A spigot pin 14, in the form of a slip of metal, rather than a cylindrical
member, will then fit tightly into the gap between the flange 117 and the flat 115 to secure
the tooth 48 onto the spigot 12. The pin 14, therefore, in use is fitted at a side of the spigot
and against the flange 117 of the tooth 48 to prevent the tooth 48 from turning off the spiral
form of the spigot 12.
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formof the spigot 12.8 The pin 14 can | ater be

renmoved fromthe spigot and tooth arrangenent by
wa@leiogiosissd t s bottom face (not shown). This al | POBIB20&1/003443

tooth 48 to be renoved fromthe spigot 12. In another

arrangenment, not shown, the t@th may be tack wel ded

(or otherwi se welded) to a spigot. The pin would then

Thet pih el 4r emulatoe de réinbeed oy ﬂieysplgd"teaﬂd%()& Eﬁﬁnééﬁleﬂd b Uriving its

Y %é%iﬁﬂ %Q@ggL%Vglues i ncl ude hi gh-1 npact

gﬁewf OWh Sdpp 9oty 4840 baeernonsiddfeorn thetspizot 12.

aperture of the tooth. The Exco Spherilok (RTM

system as well knownLn the art of dredging, is
Ipamthmﬁmngw@m; rtadishewn, rthdf toth may de ghckFwéldE® (or &ﬁé@wnse welded) to

adr| so well known in the art of
5% P“f ‘b ‘?‘?t IT %Wdué@mpﬂ‘f%ﬁbﬁ @nqﬁlgmab be glued onto
atSbQOf Cglﬂ’a%t%@@ nﬂﬁd&ﬁg&%ﬁﬁﬁ% % ﬁe Ca‘i {:]Ztt14$5 oﬁ’{% ppped to the inside

hand or hands o

got 12
Frﬁﬁl 'ﬁﬁgrrtme@f therthetheTlay Bxcoclpherilcke® TMhaystenf, @k vaslli apivagn the art of

d{:éagt r ac :Shgﬁfl% & @’iﬁn 5%%13\6?‘?@6&&%\ EseoaRuadripk (RTIM) system,

amemm@owm ifl ifeconsrRiédone, i8S cul@ly fsdfg@ns for
gl ui ng/ di sconnecting the glue etmeen the tooth and

the spigot, such as a welder/weld cutter or a gluing

DERE g st S0 BELY Ao I RPERRLAONTTONR 45 ddlhE siig 12, the hand

homever has ue pre- app
of halldh of du:smttw“td)dth Em@tﬂsanble Ithdréfére( rise2Qf Handt £ Brif ﬂ} ts the tooth

mean éﬁ(})_r Lue applier) will not be require
e B fay existing die srigot pia. degcmielsdior o.weldmg or

dﬁébr@n@@cﬂ%‘ A8 Rkeld, BF a FRRAAGE g%ﬁ%@%%@%ctﬁ% % gr]i)g C ur oL tooth and

with a pin exténding thro
the svégst.. sush okid We]delpi‘@bldocmtw lok 2 gmm@VlﬁéanSr%ﬁﬂdglhb’ Solvent dispensing
be appropriately

t th d
28 FEh el (el tend i Be-ated Ko apppes Biohasat e case with
Escorsprerilolo (RTHR teel ktieh thdolulf AEdns (J)Ina gl‘ﬁg Qéﬂ?eﬁg%ﬂy\ﬁ(}t Re required.

the present invention, instead of ngi
these teeth, as done in the prlor art a dredger

LaRk t oot h-handl i .
e Cg flas g)rf gﬁéji'gg%ltﬁ)ks% e W%esc @a@g eénb ngntqgr replacing teeth
ofrihﬂ rtjf:pstl stwed odthps pisescténting thadigdnsoth Tﬁbetot)tﬁ §ﬁd ﬁfe%pgfaf‘ A skilled
wgffj@) renoval station 56, is shown on

Peﬁsé’r‘?d Ve gidily sppigeiatenthat i Bargl orH@né% camde appropriately
ads}iel O8Lit B GaiSW dOGEA fhds g b8 SE W 2"

34 KO8t b Qalt Ak %és df@&t@%&ﬁdggﬁm ﬁ%ﬁygt if the art
In accordance with the present invention, instead of manually changing these teeth, as done
in the prior art, a dredger cuttertooth manipulator or robotic tooth-handling device is
provided. As shown in figure 2, the manipulator comprises two stations. The first station,
the tooth removal station 56, is shown on the left hand side of figure 2 and in figure 3. The
second station, the new tooth fitting station 58, is shown on the right hand side of figure 2
and in figure 5.

The cutterhead 36 during cuttertooth manipulation (i.e. during the tooth change procedure)
is raised to the cutterplatform 32, as in the prior art, and as shown in the drawings.

However, with the present invention, the cutterhead 36, although being raised to the same
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The cutterhead 36 during cuttertooth mani pul ation
(i.e. during the tooth change procedure) is raised to

w0 b@sosasser pl atform 32, as in the prior art, aPdI/ER004/003443

shown in the drawi ngs. However, with the present

i nvention, the cutterhead 36, @l though being raised to

the saneposition on the cutterplatform32, is now

Rosion oo ttectutetplefmmt 3 is vuw positibabedPeentRe tWALHEs 56, 58, rather
han E’F to personnel on the cutterplatform 32, 1.e.

t{"‘}Pe“Ib REsarer! o Berifiemigforaedl.hye. theeparsominpludratnow wfplaced by the

rhdt@pudit6Ssihe biAVERvAtioRef erring now to figure 3, the

tooth renoval station 56 conprises a waste bin 60

conprising two conpartnments 94, 96, a safety barrier

Réand a r?bﬁli ¢, 10 h hatgdl er 64. The waste bin 60 is

bosi ty dried “bri& e ogtf}%‘)é?? wyabstatigs $lsempeisesoat Waste bin 60

cbmpdiifg tvd cbMphitBemyione : arrier..6

i spposg ] onedpbet_weetr? t%éel%\i/gas,ﬁglg %ﬁ&6%aéﬁjg{(ﬁoeou%g%ﬁ %andler 64.

Tihg staterhim 60 ¢ pesitionsduntbe oppesite sidenefsths uevtieSooth handler 54 to the

, Do i bl i [ h
B R, TR R B ap S ere sbioim c0asd dhe roboric

tdwitln haraiter a4 @ycovEOpo W AITRE BuéiPhs ERESV] roofeeth . o
can_be proyvided. This woul d enable the%%% %e%%#n?gc cabling or

PWQS%Y%P@éE?H}’Oﬁ‘&ﬁﬂﬂﬂéhmﬁlﬁreﬁ“-rermval. See the

description below with regard to the second station

58, for an exanple of a suitable type of array. The
Instseétof @ Wt hinhandkbey, fbf cksmpleTk trce®ih® woRP detWichl B provided.
Tﬁ{s]m a‘ﬂg a glan for hantﬂlng a 1l tooth on the

Ciit YR Hhedat'sethe piipm; tegtty to dgnmpes easdlyphandledeafiai rmomval. See the
désbBptica BefHs wh t nat _have .

pa?%l | el axestj{gl(:%teurf@hlaoegrhfé%te ﬁ(ghas%dsb%o ’ gogc “¢gpls of a suitable type of
afgl ative t o the robotic tooth handler is variable

since the cutterhead is rotatable. The robotic tooth

handl er 64, therefore, due to the nmulti-axis control,
Thesrobbfietdoth RENHOA 8 o IR A1be Attchd SnPOR] L QY - handling o

hand not only in the right position SO a
toP&‘g‘H’t thg cutterhgad 3¢ Mutigrisseonanoll isvproivisiel! atnee tthe vaousolsth on the

i ) rgboti.c tootf h handl er 64 .

k8t 0no 0 et WIS, FLARG! PROK o 0% bR & e robor

togthdpedieBist vasmblissimacthe @ntlethbed @0fotatdhle ML bSHd Bgfﬂ‘ handler 64,
abl e

hapdl 4 can be nmade to slide or nove on the t
th?%_ﬁ’r% g“fsg" His palisa 15Cqut0l, igable togpneewok ifsrmam addwnyl. to position
thd thasd @bt @WS fend’ AP b&siti@PHl: also at the right orientation to grasp and

manipulate the various teeth 10, one at a time.

The robotic tooth handler 64 sits upon a table top 66. The table top 66 has sliding stops 68
towards each end thereof. The robotic tooth handler 64 can be made to slide or move on
the table top 66 by pulleys, a belt or a toothrack (not shown). This allows the robotic tooth
handler 64 to be moved along a line parallel to the axis of the cutterhead 38 for assisting in

the positioning of the hand relative to each tooth along the leading edge 44 of an arm.

The bandler is mounted on vibration dampers that are active when the system is not in use.
This protects the equipment during dredging operations; vibrations will be transmitted

along the ladder to the cutterplatform from the cutterhead during dredging operations. The
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handl er 64 to be noved along a line parallel to the
axis of the cutterhead 38 for assisting in the

w@omsn3sed ngof the hand relative to each toot hPEl/meg04/003443

the | eading edge 44 of a n arm The handler is nounted
on vi bration danpers that arei@ctive when the systemi
s not in use. This protects the equi pnment during
dampelgi prgvanetat nmnisulatoh vt WesngNdamabsd tduRas Mitel ti
|l ong the | adder. to the,cutterplatfor§1fron1?he gﬂg operations.

v en mdsn themppigulata dgyinyse gpd iha susiethead fep®itime betsveen the two

4 stgfigﬂdsgﬁ, 58N GedtRatyRY 18 edfﬁpmeb@%rgﬁulg 1(2915t ﬁg%egtg% F %lflerf:@)re, clamps

ng operations. wever,
(ot sheen)afiol ¢aepbe it eshbatydrauliposilindeng Slakpt WReNhe Mmpers so that
two stations 56, 58, accuracy is required for the —~
eI s RS Biovenepif the &Wp‘lfﬂﬁ‘éﬁ oths ghancthg mpyerment required in order

feri@aipulad B ofe@fRie driven by hydraulic cylinders,
cl anp down the danpers so that there can be no

novenent of the mani pul ators other than the novenent

SRS BT PN N—

rdbatio tedth Ghanidlet H4P0O0N fiftsted Ao AVEGWS DBt %letﬂh%tr is substantially

tooth handler 64 to be rotated about a vertica
perpendicularte theeantrakaxis Bt therpuiterhead Hewpem tequtterhead36 Ixein its lifted

' ad.36 when.the cutterhead

o RIEE bosithd e el 332l Sa PR vy STobiEE. However,
ascwith ell fHeahbvingpaids oflthe rébot,ablafion bSswWink M@ Me BindRE Hay be caused

However, as th all the novin arts of the robot,
by iTBYAOSr Welhi kg Rgtoo persons ﬂ%ﬁ‘?ﬂf & thmprtbeudnas & bojts, gears or
piRufific CERRG Rl hekfROWn to persons skilled in the art,

such as by belts, gears or pneumatic or hydraulic

means. Above the turntable, the robotic tooth handl er
| Ses nul@%pl | inearly interconnected,

) a

4 C r) e . .
ABRer JH! WEEES Ofi SHeticT Wt Oft icoBIPYisgsoimiple, linearly
inf¢bnhected) GwikRbI¥ a1t ée@ﬂoﬂs.n"l'&ﬁeff'ﬁg gffg&iveggfémeh 'eh@ E@end t%rminating

. conventional robotic arm irst arm section can
inga hagd H0e tush dike acnonssaitionglarobeiéc arirs  Aufinst &xch smtian B2sen be rotated

. [ tic taqot d.er 64.. This first .
aURUEEEe 748 i BT ETSh et Iackeb 2 OLifa roborisipmB andiSr 6. Thi
firstodrat sdotien 42 has aBitwapgdimbaisendn Mithsr foRAkblé 5x1BA8Akhieh has an axis

ta the firs second arm section 80 is

h L ﬁél e 74. A s . '
that 15 pprglled tqithe st ade e Ausgcend grm pection §0ds arovided atfimusecond axle
782 1f 4rbiy I,C I as_an.axis ..

D sl o SRy P ifatie st 327 BRI B ARigbetSendicular
to sactiisbaxlg 04 Theceedrldrm sbidott 80 issoritabl@xbdut &k QWA dréund axle

82. This rotation is driven by a motor 84.

The second arm section 80 has an elbow 86 and a wrist 88 to allow precise multi-axis
manipulation of the hand 90. The hand 90 is mounted at the end of the second arm section
80. The hand 90 comprises a tooth grasping mechanism and a spigot pin removing
mechanism, such as a hydraulic driver. It also includes a spigot pin grasping mechanism

for grasping spigot pins upon removing them from the tooth and spigot assembly.

Precise details of the hand and arm elements and their control systems are not provided; a

skilled person in the art of robotics and manipulators will readily appreciate the potential
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82. This rotation is driven by a notor 84. The second
arm section 80 has an el bow 86 and a wist 88 to all ow

wWEe@si3s84 nul ti -axi s mani pul ati on of the hand BOI/IBBhé/003443

hand 90 is nounted at the end of the second arm
section 80. The hand 90 conprijges a tooth grasping
mechani sm and a spigot pin renoving nmechanism such as

candtyibtiopll detllk iof e mady [s8iBlel iRGdrHAtfohs 3f SRhIHPhulldkis arm and hand.
ﬁ{@aspl ng nmechani sm for grasping spigot pins upon
s ragdt hasds pF Bie maripiletsr 19 4hel pepsengdbventisantisy be designed to be

[ et aj o) d and .arm.el ements and their
SEoRE EASuT Bl Torolo b Sl AR o R BA g vl o S Ried s opipulate the
teelthe offraind @hto thb otitic@leadnd mani pul ators will readily

appreci ate the potential 11 constructional details of
the many possi bl e incarnations of such a multi-axis

: : I 918 f the mapi pul at or of .
NP 0230 CoboRl S EipAOHnEE a2l shile TP s R oot actieve
thig oasyh, ashwovdd es be sppabent coppdrben sKfilldibindhé 2@ of AMofi®! B8Wever, there
requ%rﬁ)g to IPU| atgfthe teeth off and onto the )
o Rl AR oAy Dics of BvemPEb Bithe et gs ghmopement also being
pt&@&dﬁsa&e%ﬁ&ﬁggfglgtﬂgﬁdlgf AhPER tgLbg. achi eve this
u

result, as wo e apparent to a person skilled in
the art of robotics. However, thtere are preferably

T o 3 SR B cRpe) v e ndod DG Bl st wes Zobotic ooth
hinatiel &F isall@nghotvhao b likesBRe tdvhrdd Gl rvfas!% biﬁ_6b9&g%8§v|9 Cbiysarrow 92.

d
UE,)hown .grasped by the hand 90. The nmulti-axis r
8B tSHViRgiAg the hayl PO oxpr theswasim bino 6®eths ipothi Iyist dvopedsinto a First

i . arrow. S>2. Upon swi ngi.ng .
copBertBSiyer gt it vl B TRY s OMES josotine pal e Sk pin (oot
Sh;h.va;() pe dlmrdrqamdﬁlhtb&ts_eemmﬁj’nﬁpﬁ?ﬁi’_ﬁenﬂ b6 Bf R wdsRepin@B! The spigot pin

bin 60. The arT C.g%tl nues tQ swing and the spigot pin
cahgsneiily b repsed gl FesERse s t Bowe e cbn deedo hp sfticendirey are wourn,
wRBn&dd R LBL&sHI | L rall

) benr eused wt h%&tm ?%fg%otgg}zgﬁgé Q%g\ﬁgélg’r fié}gﬁgq{ﬁgﬁaﬁm}{&m the two
e awe sereq imthesmaner. wi || need to be reprocessed

before they can be used again. It is for this reason

that the t vo itens are sorted in this manner. The
Thaniapipukiter ofothe pRertlige@iibn 'hﬁé’ﬁ'%in?ﬂtep Sntfbl %?%%?E‘? uide hand 90

contr ol system.tg@gui de hand 90 onto a worn
R jacHORR tPPthy Bhichewdlsnnd meeepsdyidy be ima ffixed gogition tdlative to the hand ler

64. eﬂfé}éﬂ‘f‘e, e h0R étﬁg}ﬂ,'“g{ in the drawings is fitted with an optical tooth sensing

system (not shown) to enable the computer control system to control and position the

robotic tooth handler 64, its arms and the hand so as to engage and then remove any or all
of the variously worn teeth, in turn. Other position sensing means can also be used, as

would be well known to a person skilled in the art of robotics.

The software driving the hand positioning control system could also be programmed to
recognise a worn tooth as opposed to an acceptable tooth and only replace those teeth

which are worn. Image matching software can be used of this purpose, for example.

The rotation control of the cutterhead can also be connected to the computer system for the

robotic tooth handler 64. The cutterhead can then be rotated incrementally to move the
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64. Therefore, the hand 90 shown in the drawings is
fitted with an optical tooth sensing system (not

WG bwdn}ssso enabl e t he conmputer control system POI/IB2004/003443
control and position the robotic tooth handler 64, its
arms and the hand so as to engage and then renove any
or all of the variously worn teeth, in turn. O her

lé%ﬁﬁigt édg@ AL03H NBerBRAD ﬁlecl%@tlhai(ﬁ% aﬁgﬁgnatésr? g%eg tIJI%glg_on for the

known'to a person skilled int
tepﬂeﬂ@monm rbe hwld&drhy thgobativdtoptishanidlenioh gnareretsilyl, or in a stepwise
s%gtem coul d al so be programred to recogni se a worn
th as opposed to an acceptable tooth and only
repl ace those teeth which are worn. | nmage matching

software can be used of this purpose, for exanple. The
Qngthg ppesitegrde of thefcuttprhead B8.c2 heratd eehotialteath hendler 98 is provided.

/B30l B0 SRR B DLt bR Pl is 0 e
akis deeioerit hzltd ¥ybise 100 \eouited bre@ eiblgorS tehAdhg st 104 (see figure 6) at

thelref%‘gII ghe teeth 10, . to an appropriate rotational
epbpo it the sehotic{eethdingdlsr § qaarbmwesyornhe tabletop 102

51‘3981” 0 heapdl Aof
prranneroctﬁe QJIEe og%oglliﬂt: ghdesal de§of H%g}’ th tré)lr) lc o %‘}3 & 98 has
ratateahie arobwingable cotls teetidhe and Svarisup ra@}es ched. méﬁ)ry\/lfbxh driving the

the.first robotl ¢ toqth handl er. 64, C{;h% second robotic
SYISIE HAQtAtoe ssgiqns- pE0y sections gad axley qre iggnerally theesame as or

sitfifar PR HRE BhotR (et IRhaR: 3@2%%{/&%\% ‘hﬁﬁf glgtsléit)%ﬁ robotic tooth

f| ure 6) at each end thereof so that t
1198 altlattugh 2s8ergly sivailamiv debigm it foe positidrab®p né®2oo0th 48 onto the

S o B ST P e e o
hawilgrgabl e arns sections and various axles and notors

for driving the swinging or rotating sections. These
arm sections and axles are generally the sane as or

' I .64..

18 bt ) U8 QRPN A58 P okt g compute
c@srol dibrt the digdt rgeotier tabihyhantiler bdrto iinstrdetsit @dto Which Wdcation to fit a new
toﬁﬁiitioni ng a new tooth 48 onto the spigots 12 that

e had a worn teeth renoved therefromby the first
robotic tooth handl er 64. The conputer control for the
second robotic tooth handler 98 is |inked to the
Againpan epticab rptositilonf@ntroh eystém gpay bb gréovidedofitr thérhand ef the second

ro%éué 900’(}{]1% Tert98 ft odev%ﬁfi: ﬁal?nd fc()ng m%r}lequcegth or ?or r}‘)?c\iging up a new

tooth from a supply of teeth. The optical control system may in addition be used to

identify spigots without a tooth. This could work either with or separate to the connection
linking the two computer controls together. It would in particular allow the replacement of
teeth that fell off spigots at the seabed.

A significant difference between the second robotic tooth handler 98 and the first robotic
tooth handler 64 is that instead of a waste bin 60, an array of new teeth 48 is provided. The
array of new teeth 48 are positioned on tooth benches 106 that extend parallel to the axis of
the cutterhead 38. Three such tooth benches 106 are provided, each provided at a different
height. This staggered effect enables the hand of the second robotic tooth handler 98 to
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tooth. Again an optical position control system may be
provi ded for the hand of the second robotic tooth

whaondozsssH8. It will guide the hand for fitti NRCTERR004/003443

teeth or for picking up a new tooth froma supply of

teeth. The optical control sy3semmay in addition be

used to identify spigots without a tooth. This could

gvasp Kewh t4defromi the differsapbemthes 106 thiske %51138@%1139_ & kdl B9 on other
in

he t C t.e ontrols together, It wou
b% CE‘FT’ I@? gﬂpg‘i%l% KVt he seaement of the bandlert%at f el |
of f spigots at the seabed. A significant difference
between the second robotic tooth handler 98 and the
The festh prstustsitioned point bprsdlthat thet hiusd ohak bt HAGLDS %ill be able to

in .60 arrayaf, new teeth48 i s provided. The
Pé??%@thgfapﬁ%wetO?éP% “ﬁ%\fﬂfi"e O’E% tf’?'&?rf@féf the spigst H2sdrikhewterhead 38

with6uttddpistiag it geip At boeihi43. t he axis of the cutterhead
38. Three such tooth benches 106 are provi ded, each

provi dedat a different height. This staggered effect
| c. toot h, handl er

second, r.obot .
ASTFRATST SRR % 408 AR el s . T
ispangere d 9B opntiim s@all benthietshcohthigile Atdhe] %E&zs(g i
interfere wth the rmverr%nt ofbe?ﬁg an %ge?:yded) Spigot

W Ll t
b l\é\% 1 4'Tﬂge feripmesy, and the ‘[ﬁﬂéﬁ’i’é%rs dé8nepaigte So ninkct the lsembamkhner as a
mafazdtCot 2qhdtnirpdh OF L. W lalfld@g%? locg{l%c%d&gg Itc%quiﬁ Q@:}ggtatthe tooth

aperture of the underside o
bepphesf 106 éhechanderftthaseonnd hehatticadpttHahdigr D8 SasHildPwIRh foliired, will
cotuggttahs 48.t At _an endf of the tabletop 102 there are ’

provi TeeP P5T GG AR PR of dheydlisprapers 1 88. 1038 piffhi &4 in the magazine
will pertseised 108f6RAka e tainin

number of new (or r gﬁ?ﬁ@%ﬁ?ggﬂ% slr@gofijﬁ Qaflﬁge Offtcthead 38. A
SPESh PHI HFEFRING ateghatien dnd pydselic dii0d, (noptoang id Provided for the hand

S azi ne of a ¢hi negun or
fof RAARRTARARE o oy s [EARAEE eyt Saciept dor atashineibe new tooth
48tto thehspiwnndes 106, the hand of the second robotic

tooth handler 98, as and when required, wll collect a
spi got pin magazi ne fromone of the dispensers 108.

UsEhS 1R Lt et ' .11 them be used for
fast eni’ﬂ)?]%s m él ﬁev%ﬁlt (gfg?ﬁcﬁggr%%a‘gfopﬂ er.eglaiv%sol)eri@ng% frogpthe dangerous
engigenpgry Qﬁdle:i&ttemlaiﬁlrglot[himimpgjv@§ @dﬁg_dﬁﬁ@ﬁﬁﬂh@&%é@% ship. Further
th({wo%%ﬁulg ¢ driv i fant shown) is provided for the and >

or "hBIPHT Y 'St U REYC e sluickin thsngrersdneck oot hY enfitrther, the
maihudabdr E41 bedbAsiidG HA81NEWn RS o greater mass than 20kg, therefore
allowing larger cutterheads to be designed and fitted to dredger ships. Yet further, the
present invention enables the automation of tooth change procedures without any need to
alter the design of the cutterhead or cutterladder. Further, the present invention can be

retrofitted to existing cutterplatforms.

The present invention as been described above purely by way of example. Modifications

in detail may be made to the invention within the scope of the claims appended hereto.
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48 to the spigot 12. Use of the present invention on a
cutterplatformrenoves personnel fromthe dangerous

we@poossssent of the cutterplatform This i npr oREEIB2004/003443

safety onboard the dredger ship. Further, the robotic
systemis able to operate norg4qui ckly than personnel
are. Yet further, the mani pul ator can be designed to
GlahdMi® teeth having a greater mass than 20kg,
therefore allowing |arger cutterheads to be designed
and fitted to dredger ships. Yet further, the present
inveny i ! tion of toofh chan . :

br ocetdr aet e tseoe Rt (lbdting R lemycatiegtoptc theth handier
(64,98 % themdnipnlaturicomprisiid eteans forf her, the present

i nvention can be.r fitted to existin

cut t dr SRR Aeot ) Bpicfedserpahenen G6):bodn

descpi RPheRBANE rettdvell Yodil i e

Voo Pl RRENE Rl RY Yo nétﬁégﬁin%‘géé@‘%“@'i nventi on

wi thin the scope of the clains appended hereto. 14

CLAI rredger .cuttertooth ni pul at or conpri sing

2 | M raptiu b GER i | iRt pncH0) e Erippig a wor tooth (10)
alfﬁfdrwh@ﬁﬁgﬂtwmifﬁinﬁlme'&ﬁ@ﬁxeﬁ@{%%- renoving a tooth

(10) froma dredger cutterhead (36); and 2. replacing

the renoved tooth (10) with a new tooth (48). 2. The

: L1 L h ;
sren bk a8l Sho AU ) EOTBE LR hend (O Ol e
tdothof@#s) ared ﬁ:mtrtoaetntiﬁgjlthe(n%(i@toot$1.(4?‘@(%Sgg)qyyf Rt %3%?1 claim

or grippi

1 or claim2 conprising a han g a new
tooth (48) and for nounting the new tooth (48) onto

or PSRN ISt 0. YU a0 oming on

Sty k23 apd 2¥e lankhtde ® thecipiole(10P chdbewRP aGpldbt ?312014? extending
i.th a.spj [ 14) by extending the spigol pin

thyf@)g"‘?ﬁ%? ZL%ﬁﬁ%oﬁ%ﬁ P‘é’g 6%’8?%‘(%09%&1 B, {q@@pd AGFotAA). spi got
(12). 5. The manipulator of claim1, 2 or 3, wherein

the teeth (10, 48) are for nounting on spigots (12)

3-and ‘Hicempipwatsr of elaim He 25yl g\tlsre@xiﬂ:)e teeth If10Yi48) afe for mounting on
: . ne. P oy do
seRER) Bhd ale 190 o b oBitglsl T2 Bpial s w41 by fting the

spigot pin (14) at a side of the respective spigot (12) and tooth (10, 48).

6. The manipulator of claim 4 or 5, wherein the spigot pin (14) is provided from a
spigot pin magazine.
7. The manipulator of claim 6, wherein the spigot pin magazine is held by a new tooth

handling hand of the manipulator.

8. The manipulator of claim 1, 2 or 3, wherein the teeth (10, 48) are for mounting on

spigots (12) with a tack-weld.

9. The manipulator of claim 1, 2, 3 or 7, wherein the teeth (10, 48) are for fitting on
spigots (12) with adhesive.
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6. The mani pul ator of claim4 or 5 wherein the spigot
pin (14) is provided froma spigot pin nagazine. 7.

wab@sosasspul at or of claim 6, wherein the spi gopCPiBR004/003443

magazine is held by a new tooth handling hand of the

mani pul ator. 8. The mani pulat@ of claim1l1, or 3,
l\é\)her%{hn t he I:leeth (10, 48) are for nounting on spigots

12) Thietrhanipulatok ofiydonedof Thienshtl PUiaireih BE s5ibatk 'P1b: ]
tgmsgirgﬁe 7s iwherei n the teeth (10, 48) are forﬁFi tm nt};;are,quarter
on sSpi géit gg(oisz) wi t h adhesi ve. 15 10. The mani pul at or

of any one of clains 4 to 9, wherein the spigots (12)
lilre gfuarter,turn spirall ed spigots. 11. The mani pul at or

f cli&ermampulaies ofictaimh &0,spheeinstheliigato(P2) s@nfrise a ?uarter-tum
ggugqter-turn thread. 12. The mani pul ator of any one o

clainms 4 to 11, wherein the spigot (12) is on a
| eadi ng edge of an armof the cutterhead (36). 13. The

1%rani | at or_of any one of the preceding claimns,

E’gn’p & iTURWIRIOF 6baky one @cftqialnmvﬁn«au@rls, bhdreid@e sot (12) is on a
lehBRceabd St AR erein a first robotic

tootgh géz;\ndl er (ﬁ?e%t%%ﬂ\;@gé%%@m teeth (10) and a

second robotic tooth handler (98) fits new teeth (48).

1345. igg mani %lfﬂ ator of any one of the preceding
¢l ai & f §1%,9m6 of theapreepsing flaimss compribing ystoerobotic tooth

hdrdters@gagegyvri ng the mani pul ator for renoving and
replacing teeth (10; 48) fromand on a cutterhead

(36). 16. The mani pul ator of any one of the preceding
nd fitted to a robotic tooth

| ai L Sl a Ji
1zﬁand er m%gﬁfag%roq&l?lﬁb# g"VBerRmy R {ig% tmbgtirgiooth bandier (64) removes
W t Q6d a@EcondYoBdR! ur j t he
ﬁ“é"@p? %go% (%‘;g) to theﬁ(gﬁtt?(g%lgg(g@{@é Bl 35l 1e).
mani pul ator of claim 16, wherein the hand is provided

15N ar l%erﬁélﬁgulﬁﬁp oF Ay SR eh Sr%gel:cﬁrrlg gl%ﬁr)ls', comprising an optical position
control system for manoeuvring the manipulator for removing and replacing teeth (10; 48)

from and on a cutterhead (36).

16.  The manipulator of any one of the preceding claims, comprising a hand fitted to a
robotic tooth handler (98) for gripping a new tooth (48) from a supply (106) of new teeth
(48) and for securing the new tooth (48) to the cutterhead (36).

17. The manipulator of claim 16, wherein the hand js provided on a second robotic
tooth handler (98).

18.  The manipulator of any one of the preceding claims, the or each robotic tooth
handler (64, 98) comprising a multi-axis robotic arm having a hand for engaging or

gripping a tooth (10; 48).

19.  The manipulator of claim 18, wherein the or each hand is at the end of the or each

arm.



The mani pul at or of any one of the precedi ng cl ai s,
the or each robotic tooth handler (64, 98) conprising
W@ 2008/0838846xi S robotic arm having a hand for enPEmiBO4103443
gripping a tooth (10; 48). 19. The mani pul ator of
claim 18, wherein the or eachlband is at the end of
the or each arm 16 20. The mani pul at or of any one of
whtet ﬂ'ihelc:fmlm 'Pglamragﬂsaﬂyf obné ediif_j dlid tpird'r:]déﬂin gzl)almsé 1for _I_lhetroﬁtting on a
c atf.qr of .a dredger ship : : e
CHgﬂPﬁﬁgﬁPE%ﬁéghgﬁ?%%ﬁgnaﬂgbhe precedi ng cl ai s,
mounted on a danper to isolate the manipulator from
vi brations external of the manipulator. 22. The :
2kani gbe inamptdatoc |o|i£iany2cne oﬁﬁfeepmédi?g daimermbsented on a damper to
. Lded with a.cla .or selectively preventing the
A Spontint o B Pl Sns Serkeine i b pwion 249
conprising the mani pul ator of any one of the preceding

glains, wherei n the mani pul ator conprises two robotic
2€oot Hhe apamimdaoy eff clags)21, twiereindhe cbwpercist grovided with a clamp for

' nted.on opposed sides of a
S‘%}S‘?glgﬁﬁs‘%‘%?‘é%%%dﬁwgp %t"%‘g{%‘&?té%“d‘é% ship (24) for the
cutterhead (36) to be hoisted into a position fcetween
he t 4obotic iooth handl ers (64, 98) for tooth
A

23ani gepship (24) comprising the manipulator of any one of the preceding claims,
wherein the manipulator comprises two robotic tooth handlers (64, 98), the two robotic
tooth handlers (64, 98) being mounted on opposed sides of a cutterplatform (32) of the
dredger ship (24) for the cutterhead (36) to be hoisted into a position between the two
robotic tooth handlers (64, 98) for tooth manipulation.



