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‘WD 2005/ 035884 PCT/ M2004/ 003443 1 Dredger
Cuttertooth Manipul ator The present | nventl on rel at es

(&o a dredger cuttertooth manipulator. 5 Ad ﬂg
A&PR¥ad is used to extract material fron‘iCT 004/003443
exanpl e, the seabed. The cutterhead is nounted at the
end of a cutterladder which dxtends fromthe hull of a
ship., The cutterhead is rotated so that it

5 SRIOGVLAUDRAYRg t he seabed. The cutterhead is
provided with arns. It has teeth nounted on | eadi ng
edges of the arns. Openings between the arns form

present dpvertivantalaies yo 4 duedgen eutésttopthatdnipuladr. seabed

material via the cutterhead. 10 Material fromthe
seabed can therefore be sucked up through the openings
Pbétﬁdg@mtth&hcachmased&bmxgaﬂhm@ﬂm Réth,2fb6 &xainple] R seabed. The

[ | bed
ofieFA8 s 80l B ol B tugladibsi i i e il ot a dredger
shipr G’ﬁe cﬁ:ﬁfhe@d(ﬁl'fﬁda%d 56 GBIt ARUS of ﬁhﬁéﬂé sgﬁ)\é&nﬂle%utterhead is

vve'L 15 of about 30 tonnes 000
‘% b sl hasdoch mounied ep 1‘?95’%!'&@& %emx Omniigs between
tl:{é%ﬁé ForBNnisi(dr Elfé'lﬂél%) 1Bf thle% gﬁéﬁo segﬁ%ﬁggﬂéh?lh%ng’ the cutterhead.

meters. Six spira rovi

Magarieb frwatlie seabed che ttmgef@ugmsmkmmﬂumm epeﬁu@tlh:tween the

arhlh Fot e Qoo e B Qi ey oty et e o

largﬁmmuntlbmereeth engage or d| g |nto the material on
the seabed to break it apart or to | oosen it.
Eventual Iy, however, the teeth will wear out.

Désdgar siips @leyofidnt vek S 1nQL S8t Fx¥mple EBHle Haky/ cuﬁ%eaﬂ@ﬁ‘z{vﬁfgea weight
teeth. I'n order to replace the worn teeth
of fhout LG o0 AP Re) Gt et thoswiRd diampiarivg about 3.5
t-aa! gﬁggh
mbtefstma 1@@1& t d19 En@.¥ 0 € abit %%dlp&él% nﬁ%gég%&gg?%%eﬁﬁowded

acutterplatformat rear
on:the cuiigsheas esehbring eflgadrwigt parhapsvient testh.s Fhishaeauld pevideat thtal of

LA 0 I ersonnel on
ﬁé sh .g&e%ﬂ%ﬂ %?%E@H&eal&}%‘%ﬁgp Qrké %%%kg'm)ved from
the | eadi ng edges of the arns by t he personnel on the
I Q 0 eth
@?E%ﬁ%e&%ﬁ Cubia® or e Paa et BT pBE pabel kgt e o t loosen
it. sBwdniullly, howevig;] ﬂhg teatiwilheear 000t Adtuingly, Uk géce@sagn Geghiihrly, to

er sonnegl oth on a  cutterhe
ref?lacevﬁlg Worn toeth. In or exg gplace e 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 retarned to the seabed, |

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

cuticrhead. .

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 and lowering of the cutter ladder takes about five
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30 When dredging hard rock, typically six hundred
teeth need to be replaced per day. It takes

wappwsoxsiat el y 30 seconds to change each t ooPEI/IPEN0KE(3443

three people are required to change a tooth. Further,

the hoisting and lowering of 2the cutter |adder takes

about five WO 2005/035884 PCTQB2004/003443 2 m nutes
TIAuiEs I eagh dieetasy - Fyrther, isring gach togthe ahange cwetationaalgmit 20 to 30

tERACER ki hRed 2RESEAIRGY [ Re B9th dHEf & nsi
Accor dilﬁdgel y, the “t?r%%t hc change éo%&?%ﬁogﬁ%%%ecgmgldmm amount of
Tead And prrsaapbldinagyoiinmthen tthe sizexdf thttethars dimiteld yi hee capabilities of the
sEurther ot ' e im.ted by the .
I ol 1S 8 10 bbb ik, HeBh o Pl Frrplmpnts in some
conniricseaantup By fifnit thbi%igml: affeekcls woe 10 :m%u im@mef ﬂﬂ:‘r‘? d‘i&eﬁﬁﬁh being so
couniries a imt the_ wei of each tooth to
et sy et Bt Pl o ShEHb 6% he doyectoup. For cxample,
heiangeslowsch 2eledbtHaldd@is arleiBed @B thafiliallyP PN ing 3R Réplacing the
d&g ous, For exanple heavy tools such as
teg g%%ﬂhrfh@?@‘%r‘@ﬂ%@dwﬂnﬁm sonsidarediany iwhgneed personnel are
woRMAG dutfe cdtRRichd t i i
také%&1nto congiderat?oniﬁhéﬁg%gﬁ é?é%%ﬁgﬁsggghﬁmQE””UWdea
hegp Bty foremeutigthead of hdradger ahwidiminintise eduipment down times and
' it desifrable to gvi.de a_ 10 new
pés%)gltﬁ éel(rinJe or Xrgnég’u?]t\agr S a@g%f‘%zaf&?‘g Zad%?r ?Eétm\ﬂel ysed —a larger tooth
wilh mahieslageqclit@ﬂwdsd ?dﬁ ﬂdSi_gﬁﬁ'ﬁh alf'ltrldlerellfl@fﬁsﬁﬁféﬁl ldredging. Iﬁlrger teeth
requirenent.s n .S ich w all ow | arger teet
vl be e dutable pad fhepetors dhel wogsld Reed fia Bp hamgeddess froquently.
cutterheads to be designed and therefore faster
ing. Larger teeth wll also be nore durable and

dr ed ! ),
AFH%?‘%%?P@S%@;/&mm ig) to &plpce b entirh grgfethehd eipon each hoisting and
lowéragus y | art | 0 .
R S e winndioRy TRBYEE 0O TEA o kot bl qpterheads s
prohabitive; waclofuttetheact uattosh welgler apprioivestety, 30 fmneg b infolves a lot of

rovi.ding l.tiple cutterheads i rohi bijive, each

o) S0 W e o e B RSl S shoni fdase doferance
requireupknte Soratht pbsitifns foathemetdrandl the tddith altScih&f Mechanisms. They

reci sel y _manuf actured.item, having cl ose tol erance i
e P E PR BPrt s etieh, GG b S G crfeeade replacing

thet @ntothead is2€ BRYonsBGAARLS MBngefRRYpréless riE;Eﬁ'f Yef ﬁ?ﬁkgeft the heavy

e Wweig

expepsi ve to produce. Further, due to t
' W‘*{Bﬁgogfi*? CRiigheag requitss avengsubsthetial piece rqf@auipns?na te ﬁmstalled on
' . ' Y
kol e AL TP QRS R bis, PRrg 116 b Pmuccesstul

Andmprovedthandanorp icest effizient systepriznheréfordreqiinad.al | ed on

Disclosed herein is 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




the ship for replacing the cutterhead. The equi pnent,

therefore, proved to be unsuccessful. An inproved and
wOoepg0lssat ef ficient systemis therefore req®Craneg®3443

Di scl osed herein is a dredger cuttertooth mani pul at or

conprising at |east one robgtic tooth handler, the

mani pul ator conprising neans for: 1. renobving a tooth

pfelve:m the ebogtrlfremn touiingeoffahel spifd dornR . ARGRAIRGIIGhE 'f@oth may be tack-

ved. tqoth wth agpgﬁ w t got h. 30 Preferably
“'F’ (9T jgluefljopina spiget, W atisrioogd ma@pglgtog,otherefore
mRy Borapiienciang f&rhiﬂﬂdﬁl? thd llaﬁthtaﬂﬁteﬁhé} ik Hﬁvesr%lg&ttra%tﬂlg the spigot pin
secure it thereon. Alternativel e tooth can

Of ¢ feas fon digcongentimatheuveld or slysi queeproﬂ:mtoqmtamdahs spigett such as a

5 wRldtuhsl a&% at a side of the spigot and tooth, to
WO 2005%%3@@% CT/ 1B2004/ 003443 3 prevent the tooth

fromturning off the spiral form Alternatively, the

P{“’% Eﬁ%gﬂrl%ﬂz%gaqoﬁ WEL de q Bo&gh ﬁ%ﬁgﬁﬁ%&%ﬁ? %g %trst Or];moves woIn

'mmmenéﬂmmamndmﬁmmmmﬂahns&qﬁwé&ﬁdm&ﬁﬁmﬂm|pplng the tooth
and either a pin driver for extracting the spigot pin

or a neans for disconnecting the weld or glue between

10 Prefogablyomt Randip Bt '@ BOHBFoboRM 3t Eandler. Wel d cutter or

gl ue solvent. Preferably the mani pul ator conprises two
robotic tooth handlers. The first renoves worn teeth

t
A t@éé:g?% Hﬁld F@g?:u{gaa{)xfbvp{%ﬁﬂx aﬁlﬂtf% gegu é%kxg geevy 3o?tﬂ\§o]a SP]§P1: may also
ber provided chf@tablyh&h cﬂeal:reméntsm cvaittel af@igibt flﬁxf, forri ainple: By driving a
8 0 B 355 B kL e Bt e

15  sidei dfthe spipity p&rhﬁpsrin d Qxfooﬁé(ﬂi&ﬂlﬁ e Q:Ein\é}n‘éﬂt %aﬁﬂte%’itwely be by
the tooth and the spigot or between

either thro h
JE&% ghgfumng the nathilp Shq spiga. Tisepiast sreferably CompTisgs @ apiral element
forpesRERS i rmeaccgfeepxﬁgﬂdi@ft edfrthe 18n %‘i‘lcﬂfees{ﬁ%&t 'ﬁ%’fﬁmbgr the spiral

alternatively ing or gluing

eeﬂﬁ’@t@Ble‘tqfn@ehTﬁ)‘/Qﬁﬁaqareferabl y conprises a spiral

element for assisting in the correct alignnent of the

tooth on the spigot. Preferably the spiral
20 The second hand is preferably provided on a second robotic tooth handler.

" 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 cuiterplatform, for the
cutterhead to be hoisted inte a position between the two robotic tooth handlers.

25 -
Preferably the manipulator is mounted on dampers to isolate the manipulator from
vibrations caused during dredging operations. Preferably the dampers can be clamped to
prevent damping for when the manipulator is manipulating teeth. |

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

arm.




element is a quarter-turn helical thread. 20 The
second hand is preferably provided on a second robotic
tooth handler. Preferably the nmanipulator is nounted
on a cutterplatformof a dredger ship. Preferably the
two robotic tooth handlers 4re nmounted on opposed
sides of the cutteiplatfonn, for the cutterhead to be
hoi sted into a position between the two robotic tooth
h |

oGty et 3 B nlclS R PR kDU L B
camsb@mdupbmgunmedglng operations. Preferably the
danmpers can be clanped to prevent danping for when

h ni.pyl ator . i.s mani atin eet h er ab
oo G O GEEHY Rt ElEvE BHSTIFSLE apo dielobed.
multi-axis robotic armhaving a hand for engagi ng or

]y %) er%s cb Hlt thé flﬂ/@ﬂg) { ngfehs gﬁfvﬁfe@ raRddget &@teﬁ@tﬁﬁl rﬂaﬁlpﬂlator

t he en of th arm not ors or yraU|c
S YOOTISIng tWe eobphetqsoﬂr h@dbrseﬂoemnqvmgcﬁ wedoash fioachdredger

M ik @3 drfglg& fagmgg‘[@relﬁm%ﬁttg&ﬁ \Qrf h gﬂ@\!vﬁ) tﬁdﬁ ggfcond

cutterteet er cutte I's al so osed.
| raspechithese isgupdded auiredlgwe ship ¢empriging the memepuilasorps defigksld

i oagg)?ed g&%{are rtjlﬁg g)l(?l aporn’? Byes%g obo%g rr(poth lﬂr{aﬂer{ \ﬁ?eftwo
a rdbaggesth hemdld:re bhagdmamﬁd bn bppcispdi adesmj atdu&exphnﬁmn of the
wi,t h t
o R P8 Yo b iR IRR 3 noRER Brngt e o Eepose
deMthth%dlabﬁ)teooth\hﬁﬁ@ul%ubllne mani pul at or conprises two
robotic tooth handlers, the two robotic tooth

handlers bein%$nnunted on opposed sides of a
srreferest fepyresiof the ngpseptgayensinn grefsst out fothe gleias ﬁav&aded

t el 4 WIlIGRwW B Rs@ibRB@HutdI OBy %SI\B? Sthnidie \ﬁlﬁﬂefe%% tthe

tooth handlers for toot’h mani pul ation. Fur
preedostneaying deavingsgn shidthe present invention are set
out in the clains appended hereto and will now be

oS DS B RSPt SRR ©©

Figure 2 shows a preferred embodiment of a dredger cuttertooth manipulator in

accordance with the present invention on a cutterplatform of the dredger ship of

figure 1;
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 1 shows a dredger ship having a cutterhead
engaged with a seabed; Figure 2 shows a preferred
enbodi ment of a dredger cuttertooth nanipulator in
accordance with the present invention on a
cutterplatformof the dredgér ship of figure 1,
Figure 3 shows a detail of the first station of the
mani pul ator of figure 2; Figure 4 shows a detail of
t he cutterhead of the dredger ship fromfigure 2;
FITG4I€ 8 3h 2 il (Bre® hltdrhive 8GN Sy ﬁfoﬁﬁﬂlr%nto Fhe §p|f§)t
nanlpulator o] igure 2; Figure 6 shows In plana
mani pul ator in accordance with the present invention;
-~ Figure 7 shows in elevation a manipulator in
accordance with the present invention; 4a Figure 8
shows a spigot with three alternative teeth for
nounting to the spigot; WO 2005/ 035884

PCT/ 1 B2004/ 003443 5 Figure 9 shows an alternative
cutterhead; Figure 10 shows a man operating a spigot
pin renoval tool for renoving a spigot -pin from a
tooth and spigot in accordance with a prior art nethod
of tooth renoval; and 5 Figure 11 shows two nen about
to start to renove the spigot pin of figure 10.
Referring first to figures 9 and 10, the nethod of
changing a tooth in accordance with the prior art
will be described. A worn tooth 10 provided on a
spigot 12 is shown in both 10 figures 10 and 11. The
tooth 10 is attached to the | eading edge of an arm of
a cutterhead on a spigot 12 with a spigot pin 14

hol ding the tooth 10 in place on the spigot 12. This
can nore clearly be seen in figure 4 or 9. A first
person 16 holds a first finger of a tooth renoval too
18 agai nst the 15 spigot pin 14. A second person 20

t hen uses a sl edgehammer 22 to drive the spigot pin 14
with the tool 18 part way out of the tooth 10 and
spigot 12. The tool 18 is then rotated so that a
second, |onger, finger 15 of the tool 18 can be used
to drive the spigot pin fully out
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of the hole. The two step procedure is required due to
the length of the pin - a shorter finger of the too
18 will be nore easy to align with the head of the
WEWHEHSi n 14 when 20 starting to drive thRCHIBI008403443
fromthe tooth 10 and spigot 12. A third person (not
shown) then renoves the old footh 10 and repl aces it
wth a newtooth 48 (not shown). Then the first
Figuredowhows ap pligraative cyftophesdi got pin (or the ol d spi got
pin 14) in the tooth ready for the second person 20
to drive it through holes in the new tooth 48 25 and

Figyre 19hgus a g@;lfomr_aiﬁm aa$pigcrtg>i:]i¢ i_'emma\mi&(fﬁi iébtﬂ%riﬂg‘a EpiBot pin from
Referring now t.o ure a_dredger ship
= S it RSP R A ptfs 15t Bt Abiop Guksmpvals and

J

cutterl adder 26 having a | adder raising and | owering

Fivvi rqz £8 whi ch, en pulled into the ship 24 by a
pUFiey ?‘?ﬁ%’?”"%%bﬁv#mf‘}f tp glartda rempoye dhe spigot pindefi figee {dwar ds
a cutterplatfonn 32, as 30 shown by the arrow 30. The
rai sed position for the cutterladder 26 is shown in

Reforripg dicstito, Bgurend andy 19,the methpd of\chagis/ OGHE8h accordance with the
reRETBOIBGAS STy SRS 2308 s ot

cutterhead
figges I0andidb, engages the seabed 38 for dredging

‘material fromthe seabed 38. In the raised position
34, the cutterhead 36 is clear of the surface 40 of
The et evattackied Thie &fading ed5hI6f 408G b8k 15wi
Lcarr.i ?Q out o bo&rd t %e ghi p 24. The gﬂf?ltegt?ﬁféggbiggt i|zz‘mha
SPIgHERIR 1t ho fopty 10 inplace g thesspipot 12. Thispanmprecleddy be seen
in figure Beor 98 ANfirst qthoRIshy ' : ;
.hern',spl*r]eri calS gbﬁ?joncon'pr issgggtc%%&egfgg@grr@ %%%ﬁlatf’ﬂlgls against the
Spigetrue A4 ¢ sepondingrspy 20 fhsmustren dlpduehabmed 22 heddiaphe sgigot pin 14
HQURIRP 14 | s e sphere. 10
™ Pt s 80T e o Bl ViP5, Gt A8 o g rotated so

However , y are . tw st
thaha sgcoptheloaserofitist il hef thesboldBican be kisalrtoWrive The slsstpihdly out

i d | eadj tt]
or RS8R BBl Bl R e th e Cutorer
fingeneof dlat Y18 Mill bbencesTaostitoalitn HBWRe hehdk btk SpRot al%ﬁw when

'S

T T

42 are provi ded between the arns. 15
A third person (not shown) then removes 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 figare 1. |




Referring to figure 2, one new tooth 48 is shown

fitted to the Cutterhead 36. The tooth 48 is nounted

on a spigot simlar to the four spigots 12 shown al so
WO WOF388% e 2. Referring to figure 4, the tSTTABIW/ERI

the spigots 12 are shown nore clearly. The spigots 12
are attached to, or wll be®forned integrally wth,

T%he ta% nggntl n p03|t| ons 46 provided on 20 the

LEHtEH s 2a8as neitepisash3 6ﬁt¢d@@lembthelsqﬁuiheomerheaéﬁﬁ in use,
&ahe R8bdAIRVbE ci rcunference

e e &Q%%ﬁé’i\a/&v%?ﬂﬁlﬁoﬂ ld{e teeth 50,

of the cutterhead ese a |onaI
the total nunber of teeth on the cutterhead is

i el GRlef o%rlgox? %4 %g M%{egletamggg ol ht t %ED cégégggﬁlgle water.

position [ OV
5 Thyfefotehihe muﬂschaﬁge oyemuonmaeuém oﬁﬂaefar@mé%hmul d be

provided. Simlarly, less teeth can be provided on

each | eadi ng edge or fewer than six arns can be

Theer anttrdietl Bﬁrshétbﬁ iPMbRARGINH fighfsD REY Hh®. As ge seen, the
Lon, wever, only 48 teetﬁ 48 "are "provi

“%ﬁlee“’é{:?f{ zélemw ‘RESFIVE?IM pRopiises pejled ey emrdﬂmt’.lnerally

ra&EIl}afrBﬁleﬂl@ lap&8 of ﬂﬁrlféﬁixl_ Qﬁegtg%vﬁghéaoﬁt L 29 &R %ﬂq@sphere

spigot 12 Is shown I STShownas a
10 H‘t"(ﬁf‘d’ﬁh they gregiwdgted (is. eniledarouruethe hehlsph’bﬁc toalefifkea sHphiIRkkscrew.

ch has. an ur S
Thb2amb i 1020 1. adtflioR D352 FREE Gl iotee 42 Yhking oot
m@mmg EQ@W@I@SWY ipaoacbaheteamg Pirg e ehibodERANVILb AN fil fgure 2
mg{hl ure fltt doverthe5|got 12 so that
413 B8 gl poBions g Tradheneser 9 HiMCoraniep fou thinbof 48 teoh.
Vdntxleeoﬁeiﬂxtgs%wu’l)rohﬂedii'&wédﬂtﬁ@&m;sz The holes 52 in
the tooth 10 are provided in flanges 54 extending from

15 “the base that engage in a slot provided in the

RefopiigOfoTights 2, DAL fich 8ddv8 48 R %ﬁ%é%{?d 'Eooﬁzgguﬁ&} 6. The footh 48

nal al j gnment’ of the t oot e spi

is PPYHirken 1 srigeteimitartip desonr spigots EDlyoin qmonnﬁ@wrﬁ 2t MResferring to
ﬁgﬁ’x%' A 9he 1P YL I?md ttﬂaesﬂigdt? f}%tage sgc%il/(%ta%g %:l%a% 1% e'}ﬂa spigots 12 are

| ace on the s
atta,qh%toaw “néld@efgmmgraﬂy mthbﬂiehodth o0 PRYSRAIBAL A% peavided on
the¥milN&qtsgot h 10 and the hole in the spigot 12. The

engagenent fit is sufficient to prevent inadvertent

renoval of the pin in use. Qher
~ As shown in figure 9, additional teeth 50 can be provided around the outermost
citcumference of the cutterhead 36. With these additional teeth 50, the total mumber of
teeth on the cutterhead is increased to 54.
25
‘More than eight tooth-mounting positions 46 can be provided on the leading edges 44 of

20

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
thls spec1ﬁc description, however, only 48 tecth 48 are provided on the cutterhead 36.

30
Referring to figure 11, a detail of a preferred comnection between a tooth 10 and the spigot
12 is shown. The tooth 10 is shown as a worn tooth. In order to atiach 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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nmet hods of attachnment are, however, possible, as would

be readily apparent to a skilled 10 person, or as

al so used in the field of dredger cutterheads. Figure
WQ2008%88%4an al ternative arrangenent for the BEI/EI004003443

The spigot 12 itself is square in section across its

axis but spiralled along its7axis. The spigot 12,

therefore, has a spiral form- a quarter-turn helical
oy ibg dpigats] 2risheven i foll én Sigeretddsis tittéd owr&hﬁé;ﬁgotshpymthat holes 52

(Mctéﬁo@h); @%Bthpl%' aﬁkﬁlﬁ‘gé% Ie (-llilétﬁsirbg I g&p«%plngz Thebeles 52 in

poi nt
thetonthn 1@ aempmaidbfb it Gangtis IHes@MdingORbm thy B&E AP edffe in a slot

i%?ﬁig? a ﬁl :ﬂg;)gggo ?@3%&%95\% P?Fqg‘\é\?? r@%f;g@lf Iog.ﬁ?;lgh%;;gtdf tiStooth on

got 47 sinee thetfRnSRdodakOM ths 88 AT lﬁ& f4 ﬁle& driven through
the ho?%gagc{{t@ I lﬁ(ﬁég gq(l HRTCIQ thélg Itsglgothw( ditieypimlvekoin Wﬁlh@l‘és with an
engagd:mﬁﬂ fik it bRH tﬂe%pﬁ@s%a]}_x%%h g? %}' Plga}?{@hqgﬁggglﬁt # (ugl e spigot 12.

hown) at their bases
F%Eelf“iﬂt fitjig %ﬁgﬁ‘mﬁp @f@mt inadverigntweihbival b€ thepinCal use. Other

mbib&ASF ffac n_the jnstalled position
(not shown Sapé ?‘Iggvﬁ‘}e T?b f 2 he 5adily apparent to a skilled
P%ﬁﬂpog@salsmumdmﬂ&ﬁeédofdredg&pcmfhea& A spigot pin 14,

in the formof a slip of netal, rather than a

cylindrical nmenber, wll thenflt tightly into the
Flga'p Stxhowe en altéiﬁatfvle aﬂﬂl@g&%ﬂt P ﬂle SB%?{ i?t'lht]s %ﬁalgto? 17 GS4ES square

in %ro oot h 48 gothe spi got.
f“?f’ BAGHOES 115 pag 0w spualjedialang 1E§taXH>‘ Thel eplgcst 12h ehesgrogy haBe spiral

formnd aa@akarirntheBed hagge 117 of the tooth 48 to prevent
the tooth 48 fromturning off the spiral formof the
spi got 12. WD 2005/ 035884 PCT/ | B2004/ 003443 8 The pin

Thict GfBrehitb&h 4@% 5P Ml%(amt {V%H]Blbt?qﬁa% téhagggt'ltls%(ﬁ)%%ﬁ pick point

arr angenent r| Vi ng
116: Hargd poing 1121 ead @ ohikel 4Binit @ 1D ETHeeTBALA Gird §Lﬁiﬁblé“§:r§i?ﬁ&9ﬁt rock

. I'n anot her arrangenent, not shown, the tooth
be tack wel ded (or otherw se welded) to 5 a splgot
The pin 14 would then not be required- Alternatively,
ed ont.o

Thé E@tht&oénﬁ he Q/pigbo? lg shown in Figure 8 are generally in accordance with spigots
12 and teeth 48 that can be obfained from Esco (RTM) under the trademark Heliloc
(RTM), which teeth are well known in the art of dredging. The 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

30

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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a spigot Suitable glues include high-inpact epoxy,
whi ch can be pre-applied to the inside of the
aperture of the tooth. The Exco Spheril ok (RTM

W3peyegsdas wel | known in the art of  dr edgi MgE/IH2804/003443

particularly suitable in this regard. Further, the

Esco Quadrilok (RTM system 8 also well known in the
is also particularly useful. 10

T%t_of dr edgi ng, [
Buh&F e lﬁgﬁrbetlﬁ@ﬂﬁ‘ér fiowf the spiget tud tookte bm@gRmbiteby driving its
bbsth ficd Bac B vinh Ernaddis ﬂkal h nd__or ndg of. the
cuttert g%th rmzi pul altggr%, t %éle‘?go{r& cr W!E‘E’%a‘ﬁsﬂﬁﬁa 12.

for gripping the tooth and either a pin driver for '

or | . oA ! f
U R AR et ko PR B doraedigangertne welded) t
2 ghigtrliccibia ¢ 6 moaldithengiot Bereghised. RAtWRATeI) NBe I W g}u_ﬁed onto

.ot . h el der/wel d cutt
= St iRl SR o R powe il oo pio-appied fe the inside
{ thobfermbmeNSboth! ; ' t !
os i’hﬁas e hemgggg %c?ﬁpﬁérgg%ag% I’KIZ rg)lrsﬁe& a.?%c‘zﬂ/;‘l)ce\{n@g{[ﬁ the art of
d‘ﬁ?%w%_ >t hRArgrATh uitablaa tgs re@rcg I'Fuﬁhfarmhb iEseo) deﬂlcl’IT(RgM system,
alé Rﬁ%ﬂsrl' tQr I.nventl on W e
e mmﬁr@?ﬁ%#ﬁgﬁkgpém BEY 1Sy teeth 20 of

‘descri bed for
the type secured with a pin extending through both the
on Wi_ll, however,

. h ' - Askilled
Db, o SR o e e
ordapdsaftheatustestootin thapipaidtol, Ahédfdie, BBIpMELS (Hid T %r&;faﬁl% the tooth

anhyerlgtg{sr of.t&‘%t,h connection that exist in the ar

SCUBF R R iy oy Alinglexstiaatingthe, epigpiopin, onetsems gor welding or

disvemneating/the RRIIgHNOmEIAS 865 JGRLA: 4o bauLoe

ﬂ]KIE)ri.or art, a dredg}?r cutétler%lgxg%ﬁaﬁam Sﬂﬁ?étﬁ%#)eq‘omfenthemommd
B8Rt k58 inweldertrald guithsvarcegiving peansi aiddlucsol edno ifispensing

mdlls 1 @YEEU hobrbir A LRI AL QL A TR USSR AL L ALLONS oo i

The first station, va

Escariphrilok (RFM) teethy thiathe ehiingpmotnsi(bpaigiec apphieg) will nbt B2 kquired.
3. The second station, the new tooth fitting station .
58, is shown on the right hand side of figure 2 and

The mapipylater of thedventien vill be dbeBeBfor A hibadenidnt ﬁ&&%ﬁé ing tecth
he .tooth change procedure

' ' JL1.e. during t
of YR i EPRATRE Mirpiphba hestsofiyhndHbe piecss A skiled
perart wilhnbbvasress reudily | dppiebRited BRAMMRO S and 'ﬁp\gﬁ%{ﬁroﬁaé]h%% Ié?ég&)ﬁatem

ent.. i nventi the cutterhead 36,
adapled 1 5 the Payanug dibierapt Sy ponef toaB gBmaPE: (hEroos IBadr3

In accordance with the present invention, instead of manually changing these tecth, 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 figiere 3. The
second station, the new tooth fitting station 5 8, is shown on the right hand side of figure 2
and in figure 5.

The cutterhead 36 during cuttertooth manipulation (Le. 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 cutierhead 36, although being raised to the same




10

15

20

25

30

9 position on the cutterplatform32, is now positioned

between the two stations 56, 58, rather than up to
i.e. the personnel

d(;ce)ﬁ‘orsonnel on the cutterplatform 32, i.
W mani pul at or of t hePGKBZHH{003443

/{8 r epl aced by the
invention. 5 Referring nowto figure 3, the tooth

renoval station 56 conprisesfa waste bin 60.
ri i ng .t 0 riments 94, 96, a safety barrier
ésg sdé (ﬁﬁtﬁ%ﬁtﬁo 15 IoRFRAsEionedbetwaindheveved stathin 38058, rather
thiag up@@pérb@ﬁi&ﬁorpthetdﬁ&e &%ﬁhtﬁ 8l 4 Lobotic
t oot h handler 54 to t cutte%]ead %h © fgwapplaced by the
WP@FO%Q&P@S%EH‘W@?M bet ween t he waste bin 60 and
the robotic tooth handler 64 to cover power |ines

such as electri ¢, hydraulic or pneumatic cabling or

Refgrrigg prosv ¢ dteugo 31 dhet It adbmbia m?,hhsél %B&bﬁ&esﬁé‘waste bin 60.
or exanp e

dn@’?& ?‘ﬁgt%?%é“gﬁ EJ’ Y6ait ety %i??fo%an apbstioenoitll handler 64.
Tisredsiechin b0 ispsttcred o tﬁ&oﬁﬁssif@élge 8Pk hoRBIUE Bt EE 1o the

descrl ption bel ow VVI regar
ugt gcon tTiF F%tlﬁ qré 15ppsetionad bawedn the waite bhi@dryb&e robotic

toath haﬁcﬁeraﬂrta)f:ov&%vsfeP Bﬁéaénﬁxgﬁ%gtgﬂg@ﬁ ﬁy %ﬂggglﬂigwq%@a@ng or

l.ti-axis robot wth
Pﬁfﬁgﬁﬁgﬁﬁt@h@*@%ﬁ%%ﬁhh&mﬂasé4 Mul ti-axis control is
provi ded since the various teeth on the cutterhead do
not have parallel axes. Further, the axis of each
96 0% arvastst biveart arrash dor eROHIE 62 QedeB @ wHRANLE! cdrS be provided.
terhead is rotatable. The

| t h
T]ﬂéa bl eﬁ?%% " & eltC &, be Mo &1y handlgd afisr trereoval. See the

otic
dempuqntaiqwswub to théSseabh®
f&gaﬂi S sthifonBORE :d% E)?%ﬁeﬁl«? Pg% %pn%%?e type of

argfl@nd to position the hand not only
Osition but also at the right orientation to grasp

and mani pul ate the various teeth 10, one at a tine.

Th b Qﬁ r iic tooth handler 64 sits upon a table top
%’é’ o i?%nﬂﬂélef %% i axis ireliot gyithtanpsmGhd 4 RGBS handling a

toothoaihe Bekdrhan edf - wvh oot andl er 64 can be
bRl BStlel i Do §iceBenpapt etfoon the

m?)ggqto slide or nove on
cu {o rot have prselial axds. (Huothers ﬁmm)s, of Badlstoath @m‘lzé Af the robotic
a line

too!hqgﬁﬁlblcls tv‘aﬁﬁlﬁ shao %eecg fl:ﬁ:g(? gaﬁ%g)qugp tooth handler 64,

para el to t e axis o

thergforg, du¢ tegthe multi-hxis postidlj ﬁmbfbg'o Qﬁanb&ﬁzr@ﬁ@gm'i %cﬁﬁdn\fft Phsition

: I e l.eadi n ge 44 of an arm
the ‘Tﬁﬁw n&to&h? iff tﬁ %gilp position buéJ aiso at the right orientation to grasp and

manipulate the various teeth 10, one at 2 time.

The robotic tooth handler 64 sits upon 2 table top 66. The table top 66 has sliding stops 63
towards cach 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 paralle] to the axis of the cuttethead 38 for assisting in
the positioning of the hand relative to each tooth along the leading edge 44 of an am.

- The handler is mounted on vibration dampers that are aciive when the system is not in use.

This protects the equipment during dredging operations; vibrations will be transmitted
along the lqdder to the cuiterplatform from the cutterhead during dredging operations. The




30 The handl er is nounted on vibration danpers that
are active when the systemis not in use. This
protects the equi pnent during dredgi ng operations;

- WOZBYREE8ns will be transnmitted along the |REKFBRO0EGO3443
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the cutterplatformfromthe cutterhead during dredging
operations. The WD 2005/ 035894 PCT/ | B2004/ 003443 10

danpers prevent the mani pul ator from bei ng damaged
d"’é‘EPgF%Qfed'F’étd engappulear am. beipgdamsged whieing t dredging operations.

HORNB Wih Fhe indnibllakhs 5 1%% %tgleth% gﬁt[e?ﬂegs ?sg%%;aoggaf iéﬁ%ﬁ{}fg?lg g;\e two

between the two™ stati accur

statigns hre>Srantupasyais iresirod fortbe teaiphlatiohof efeasdth. THeRTSE:, clamps

l.e .dri.ven. hydrau] i c
(“éﬁ?‘?’h"ég ?ﬁ@’%ai‘ﬁ&’% A ﬁﬁ@f‘g‘%%xﬂwatdom% depers so that
thére carberow emwamentfoftthemampilatotsaither3haf 188 ndvBd8ut rBRired in order
fo{r&yl?elﬁﬁgt r &g 11)3{?%@‘; n order for nani pul ation of_ he
cet R ‘@{1[' e 70 of the robotic tooth handi er 64,
a turntable 73 is provided. This allows the robotic

Gt‘%?i)h handl er 64 to be rotated about a vertical or
1 fap Dpse At of theeqbotic tagintandlar $4ja) tyrntable Feis pervidedu This albows the

robdie t6&A HaRlleR 6 So Ve 15&?&(19%&#){112% lerqgﬁlg%s ﬁ%g 278% Eli%lt iy, pbgtantially

cutterhead 36 is inits |

perpradieularte ithst eenfrak axisSef thatubterboadiB6 ovhen thediitatBerdBs igin its lifted

: S Wit h l..the nmovi.ng, parts of the
or N8 po U Nhe cufituliiteh 7 i PHESRARATER biypler. Flowever,
as with gl the thyving harts ofelansbiipiotatisn 01EwinBinp AF 8R Mandk hiyPle caused
by'orﬁaetrhe artwgwéh as % belts (?ears or pneumatic “or

hydt atfde owq do Ai5Eoss slilled i theaBrtesuchias b ibels.cgears or
pnéuaeikib ohhydndic Béangonpri ses nultiple, linearly
i nt erconnect ed, sw ngabl e ann sections. They are

effectively joined end to end, termnating in a hand

AbBR: HMCRdhiE 3nE ORKEH 19RE! L m.Afirst ar
. section 72 can be rofg‘g ég&ﬂagéngﬁ&agﬁa%%p* St Ffuple Tincarly
micrpiReder. syingabls eemisectioks ThdGare ffedtivelygbintd end t0@hdl terminating

. | Thi ] . ion 72 h i t
in 808 0Ll LR R U AR Rl ey
abogkarsaxle Frhthat i maumsdd onla tase bracket 76 6f thaXdRtid footifhm@Re™. This

' 80 i.s provided at_ the second axle 78. It .
frsPlrl 3800 78 0 B PSRt 1 TS b B whiohiiesion axis
thatdix paraBd th ds: et Bdd $4.pArspend afitl s@tion 80 is provided at the second axle
78. It is rotatable about a further rotatable axle 82, which axle 82 has an axis perpendicular
to the first axle 74. The second arm section 80 is rotatable about its own axis around axle

82. This rotation is driven by 2 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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to the first axle 74. The second arm section 80 is
rotatable about its own axis around axle 82. This
rotation is driven by a notor 84. 25 The second arm
WO2RY{0378880 has an el bow 86 and a wrist 88 t &FCAMBYHR#/003443
precise multi-axis manipulation of the hand 90. The
hand 90 is mounted at the endlof the second arm

sectl on 80. Tgfe hand 90 conprises a tooth grasping
Sugtionsh defails af e maay pessible @mms ofigrch amigiiraxis wehand hand.

'ﬂ&: ARV Al ot YRl d)téa&orarlﬁﬂe B lf%%?enﬁ" i} %u%% &gned to be

raspl ng .nmechani sm or graspling spigo
whergh; hewever, gebe teapablroehhardling fhiegfotces segi@iiddl 6. manipulate the

& e hand and ann el enents and their
4R 0113 381t Bulnekd SR T ed borson i h

ontr systens are not provided; a
the art of robotics and mani pulators will readily

_ ate the.potential. W) 2005/035884
Iﬁ%gl B% 'i‘l'o gm depigns giher (han fhgh shovaringhe drawings penld achieve
thﬁ@@&uhp&&ﬁdiﬂ@as BRePpAIBMtItOR PerSn MG iR oMU df v fi%'h@s. ﬁo?pever there

and . The arnms and hands of the manipu
af%%fe%"%&émo"} ded exexerimpyembet, Wi ageedtit axis damovememnlo being
PRRAdd by 100 YRHES of thhAngl ndling the forces

requi reyd to rran(l) pul ateefﬁgﬁgéhgé%%etgoﬁf and onto the
cutterhead. 5 l\/any mul ti-axis robotic arm desi gns

e, RS S Ao A0 el ot e

-headl¢r eddis iatsotshewmtot beafwingih towesds thlo Wame bin 40) 8¢ ﬁmwﬂrb? arrow 92.
wWth a

refer.abl rOVI d SI axes of novenent,
evem@g Wpsls, bigeth dhe ol i@ dsidregpedtisto a first
elhpaiﬁﬁtglt of 94 bﬁhmagib BI . %n%
) Ljre 3, ,atooth 10 |ns s%a&gfoggﬁgﬁq%y t éag%giﬁgplgﬁt.pm(nm
H‘Hﬁj r’FhThFP dropped infmsecend mmruma efi théwaste binl®0 Thhepigot pin
cﬁtﬂgelﬁ@raﬂgﬂbe%lﬁgi ﬁﬁﬂ@{tg@r&& han d@gg iR9 teetﬁ% Shov@feér are WoIn,

W@rrow 9 Upon sw ngi'ng t over
| Aeeddo be Fi@f?‘i?éﬂeﬁ baipry heyleamgpaded agan. dt fslﬁ):Sflns reason that the two

SRR AR B madupf the waste bin 60. The arm
continues to sw ng and the spigot pin (not 15 shown)

is then dropped into a second conpartnent 96 of the
Tﬂ@ﬁl‘éﬁp@a{?}r %9 the-g)lgtaesel‘i’tp 1;19(3%1'01? hart]s a computer control system to guide hand 90
onto a worn tooth, which will not necessarily be in a fixed position relative to the hand Ier
64. Therefore, the hand 90 shown 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 womn tooth as opposed to an acceptable tooth and only replace those teerth
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 mcrementally to move the
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can generally be reused w thout reprocessing. However,
the teeth 10, since they are worn, wll need to be

reprocessed before they can be used again. It is for
v‘i0n7! 085/3884on that the two itens are sorted iRET{IA2084/003443

manner. 20 The mani pul ator of the present invention

has a conputer control systerh2to guide hand 90 onto a
worn tooth, which will not necessarily be in a fixed

*9@@1‘5 edge %Iaad ithegefors thh deekla hol)| 1BI‘311 dppropitite rathiungl, pdshion for the

R N R TN C—

mnhmeconput er contr ol syst emto control and position
the robotic tooth handler 64, its arns and the hand
so as to engage and then renove any or all 25 of the

O theOoppodite Middoft e Bﬁlterhéﬁdt?}ﬁr a se(gl@ ﬁiomkﬂdﬁﬁ??§ k) Brovided.

nown

ans can al so _be used,
%e F"é‘g ihestisst robgtic w%banéler 66,f th¢ @mnql uﬁmnértmﬂsharnuhaa& is a multi-
zﬂi'is! deVRE. 1k B ahl?d&g 1600 bh@NbA'd ¢HRRS nﬂi S?p% g(glo(gee%'liglbre 6) at

recogni se a Wo
e&ﬁl a@d:gp Bs@ﬂtawterrohm othyhandler 88 &aﬂ h@mﬂ&d&&i the tﬁ@letop 102

C ftware .can
D R U Ny RSB eSS VR S50 5 550 ET08 s
rofateride hmashviogabla lasns bectiond REE B0l at1BE ahd FRIKE for driving the
tooth handl er 64. The

S stemfo the robo _ggéﬁc
3%? %ﬁ“?ﬁ@% S¢ BI08 SEOphEkArs 2 esperlly fhs\aeme as or
smmm m&m& bRl B34 0%@%& ARe had oh%@edge%ﬁg@&c tooth

and therefore the teeth 10, an_appropriate

1%41%& 480 Alshongh geterally sirmartip desigm ds Hor posisioning atnpwhieoth 48 onto the
spizod! 2dmby thv@ehaﬁOabGlrtﬂ'ncteE:t‘ﬂofsdj {%ﬁﬂg& Herdibnl nF%%% e@rg{ B(%f)ouc tooth

or in a stepwi se nanner € 0pposI
baptlerdt t er head 38, a second robotic tooth handl er

is provided. As with the first robotic tooth handler

64, the second robotic tooth handler 98 is a nulti-

Ths icempuater cantrol forhths secohd $6batidGosth hahddeh IBNis %ﬂc&b{oe&@ Reomputer

o) BE ot 3PS oot A o4 B ibmck e P legionte it a ncw

tomtived on the tabletop 102 parallel to the axis of the
cutterhead 38. Further, the robotic tooth handler 98
has 10 rotateable or sw ngable arns sections and

Agsini DUSptRYI ﬁ&;@fﬁdcdﬁ&bp Eystdn? e be! bidGidbd ?%f g 18 ét% second

rotating sections. These arm Sectfons and axles ar
F{ gﬁ(‘etogﬂq dlgp0& &q-,\@lll@udgrthe hand for fitting new teeth or for picking up a new

tooth from a supply of teeth. The optical conirol 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 atlow the replacement of
teeth that fell off spigots at the seabed.

A sigﬁﬁcant 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 paraﬂei to the axis of
the cuiterhead 38. Three such tooth benches 106 are provided, each provided af a different

| height. This staggered effect enables the hand of the second robotic tooth handler 98 to




simlar to the first robotic tooth handl er 64.
However, the hand on the second robotic tooth handler
98, al though generally sinmlar in design, is for
WH3SOP®M ng a new tooth 48 onto the spi got BCWEBZM#AN3443
have had a worn teeth 10 renoved therefrom by the
first robotic tooth 15 handi®r 64. The conputer
ont.r for th ond robotic tooth handler 98 is
g&?sﬁk%%l‘ 45 oo the, Afireat bencdes 406 noor edsiy sfrict She (@04§ 6n other
Hendiel 1 GERTl 1Rt iRk Owith e e to whigh |ocation
to fit a new tooth 20 Agal n.‘ﬂgfr‘]t‘“gg'%‘ﬁh@ﬁm ition
control system may be provided for the hand of the
THE ¢ are’, by h ler,98. It will guide the
16 Gafiare BAbAG! S D I T hatelof Kh oot oidion o8 sl be abile to

5 ppyitiemthe apeniae ofihplmdaiidé 621hB tooth 8vaihd §Rbot 3OYFH cutterhead 38
on_be used to identTify spi go‘fs

SUSH BN A AL | i

v@mﬁtﬁgﬂl a%%snoglwo ?@o@o@rd work either with or

separate to the connection 25 |Iinking the two conputer
It would in particular allowthe

Acontrol s t t her .
A?%%F%cg%%ﬁ%%gqmp | @dhere regprovided spgdt pipinggtziealispeiers 108. The
dispmbbeas! 108 soifiaih fshian ' ce bet ween t.he second N
10 .roﬁ tjic tooth hand:eg?‘%%ég:{ﬁg&glﬁg%nﬁﬁa P%BS‘Fi(Er recyfigd) spigot
e mitmaboolh pesicn ey il Suid o
m : s
b%left pl@gfﬁa;e poSI tsolr%irﬂé%di"oﬁgq‘fé‘&l ﬁ’ ﬁé’ﬁ%’ﬂ@sﬂ 1@9¢h B drom the tooth
s ¢ abcbdf the sdchrd fobotic Bfotlt RedRYOE requi i
collBLi8& %ggg tooth benches %06 z;re provi d’:%,rh%g}g%ﬁreqmei will
provi HEd R PREHART 2P ope of e glispenstrsi198 sHwgrey ktinghé magazine
widlrthirh ds ubdikbfoh tkohf h@w RS e tgoth handl er
15 soff b R,2005! SEBEa rer 13%4%%%&%“ P 8t g8 A
SPES PP SHPHE By hrwse Aed Bidieyisdrives(mobstovad s pryvided 82 the hand
fot Inddihg abddrid8n®© the i LS w.ll not interfere
v Eh t he noveér)rer?? of ?ﬂ%gﬁ%égﬁgéggypiﬁé&%?mﬂ%%neWtOOth
FoEeEPISREE: poi nt up so that the hand of the tooth
handler 98 will be able to 5 position the aperture of
t he underside of the tooth over the spigot 12 of the
Usg of ey preseat Berentigint droal butteaplorin genicvSs Sorbdhn@NibAand Qgcigamug
20 envt®mntiht FEQT e NE fabl etop 102 there are provide
spi got pin magazi ne dt SpENERYS s3i6E. onppazd the dredger ship. Further,
the robotic system is able to operate more quickly than personnel are. Yet further, the

(d

e

manjpulator can be designed to handle teeth having a greater mass than 20kg, thereFore
aﬂowing larger cutterheads to be designed and fiited to dredger ships. Yet further, the
present invention enables the automation of tooth change procedures without any neec to

25 alter the design of the cutterhead or cutterladder. Further, the present invention can be
retrofitied 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.




di spensers 108 contain small containers containing a
nunmber of new (or recycled) spigot 10 pins 14. The
contai ners, and the dispensers 108, operate in nuch

t he same manner as a magazi ne of a machi negun or
rifle. In addition to collekting a tooth 48 fromthe
tooth benches 106, the hand of the second robotic
tooth handler 98, as and when required, will collect
a éphpqt pin magazine fromone of the dispensers 108.
T 14 in the magazine wll them be used for

f alst eniAndredgdeecutenotthandnipifatboconipeismgiagehst e ofbotihtwoth
cytter 38, 15 spi got pin.graspi ng mechani sm and
h?ﬁ%@ﬁpﬁ% f?@%ﬁb?%bIggﬁﬁﬁﬁ¥m?g9provided for the hand
f or holldieagvingd tdoth\tonga diedggicnttdieddhambligh t he t oot h
and spi,got. f.or _attachin he new tooth 48 to the

i got 213platigt PRy el A 3 BERoTon on a

cutterplatformrenoves personnel fromthe dangerous

20, enviyonnment. of e. cutterplatfor Thi,s i nproves
S oty Th BREPHaton of s LeomERsgE 2 3and s SXDPipR S ogb fpffiand

Swsmﬁaobﬁl?@wteoﬁm@m{e@haerﬁwde qui ckl'y than personnel
are. Yet further, the manipulator can be designed to
handl e teeth having a greater mass than 20kg,

t her ef PhemambhiaWr BHcIhRL U6F cigit & S5MGaGS: 4 RanRSorasipiien
and fitteﬁmtg dredg%r shipg.l\%t furt her, thg presentew

i fioeth andior meuptingthe Rew sentlbpmie tharugetheabt h change
procedures without any need to 25 alter the design of
the cutterhead or cutterl adder. Further, the present

i dvent Tonmerinulpter of daibt i arsd wherelthe teethgare for mounting on

C . . | . . .
e gt RRane (110 SHESE Shor! GHPL 0 pBFo P BRhding he pigor
Mpihi thiopgh themespedtivededtahd sagotbe nade to the invention
‘Within the scope of the clains appended hereto. 14
CLAIM5S 1. A dredger cuttertooth mani pul ator conprising
at. | eaFlie madpulatbodf daitront?hor 3hahdicrthe tebid anafor ponatias on

creBgs et FERHRs b i e SShp e g e due oot pin
t and fidevbfithe Rspreuvd §0gdt an@toothe mani pul ator of claim 1,

conprising a hand for gripping a worn tooth and for
renmovi ng the tooth fromthe cutterhead.

6. The manipulator of claim 4 or 5, wherein the spigot pin 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 are for mounting on

spigots with a tack-weld.

9. The manipulator of claim 1, 2, 3 or 7, wherein the teeth are for fitting on

spigots with adhesive.




3. The mani pulator of claim1 or claim2 conprising a
hand for gripping a new tooth and for nounting the
new tooth onto the cutterhead. 4. The mani pul ator of
claim1, 2 or 3, wherein the teeth are for nounting on
spigots and are | ockabl e tolk he spigots each with a
spi got pin by extending the spigot pin through the
respective tooth and spigot. 5. The mani pul at or of
claim1, 2 or 3, wherein the teeth are for nounting on

SPj @Ot ThaRnuitdrREKAPLR JrRldihe4 506 M eSeif %@p%’o%@r@?uarter-
spigot pin by fitting the spigot pin at a side he

r 8pewilled sppgofot and tooth. 6. The mani pul at or of
cIa|n14 or -5, wherein the spigot pin is provided from

“Spl gﬂ{e dn?tfm&aﬁlc&?m 16 wl-lré}gm% épﬁ%c{tsaéqgn)pn% %u%vjtemtuesm

wherei n I N maygazi ne
toﬁmhdhandllng hand of the nanlpulator 8. The
nanipulator of claiml1, 2 or 3, wherein the teeth are

ots h a tack wel d. The
ma]:% pul 5?6‘%3%6?‘?36‘]’%%3 on V\fd iggs 440 leﬁﬂieﬁélg?@étoﬁa
arl@adﬁlig’edfgbbfhﬂ‘éhr%fthéait&ﬂieﬁdwth adhesive. 15 10. The
mani pul ator of any one of clains 4 to 9, wherein the

spigots are quarter- turn spiralled spigots. 11. The
meldi pullhe maniphlatdr af mylde ofifermeeqedingeladps gotprisiogpre sbotic
urn thread. 12. The mani pul ator of any one
o#&&ﬁg%ﬁgm' to 11, wherein the spigot is on a |eading
edge of an armof the cutterhead. 13. The nani pul ator
ofi4any The tadipulabs of R U3, VehefdiMh Mbst rGWIR fboth RehdleMemoves

robotic. tqQoth rs. 14. The mani pulator of claim
1 VoI ieE aa?e?qnaggbqﬂa Steﬁtﬁ Ea‘l‘%%tfﬁs YRRy renmoves

worn teeth and a second robotic tooth handler fits new
196t h. The manipulator of any one of the preceding claims, comprising an optical

position control system for maneuvering the manipulator for removing and replacing

teeth from and on a cutterhead.

16.  The manipulator of any one of the preceding claims, comprising a hand fitted
to a robotic tooth handier for gripping a new tooth from a supply of new teeth and

for securing the new tooth to the cutterhead.

17.  The manipulator of claim 16, wherein the hand is provided on a second

robotic tooth handler,

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

a tooth.

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

each arm.




15. The mani pul ator of any one of the preceding

clains, conprising an optical position control system
for maneuvering the mani pul ator for renoving and
replacing teeth fromand on a cutterhead. 16. The
mani pul ator of any one of th& precedi ng clains,
conprising a hand fitted to a robotic tooth handier
for gripping a newtooth froma supply of neM/teeth

a f secur i the new tooth to t tter

THED o S O, P ot e 1S Toraao rang o &
prantesbfonn ofla dRdgeidhipl oboti c t oot h handler. 18. The
mani pul at or of any one of the preceding clains, the or
each robotic tooth handler conprising a multi-axis

r @0t i CThRmBniAvdtR G anPamcofith preRddtl 4 nR! mSkdtRPddWdardper to
taoth. 19. The mapi pul at or of claim 18, wherein the or

o A2 S aPdgtOF R afatis eHemal of thehnigblator 16 20,
The mani pul at or of any one of the preceding clains for
retroflttlng on a cutterplatformof a dredger ship.

2. Thd'hganpulaiaref cleim 3 hywhamein gfe dampepiseeeadedgyith a clamp
cl tethe
LB e YRS 1, AETRE b R
mani pul ator. 22. The mani pul ator of cIa|n121 wherein

the d f t
prsvents aedds 8h ChubRipdi BBl Al anPbosSH BNt
shlapng @ripreunsﬁhn glanipalatm romplisdsowo afbosin yootinkandferd, e two

P80 T B R 4 e S3RBER 5
h dredgﬁTshlpkibr 1he comindad do B happd ifsla pogich @fwesn the two robotic

cut f the dredger ship for the cutterhead
g‘%%ﬁ%gF é&ph BAUPHAIY  on tetween the two robotic

tooth handl ers for tooth mani pul ati on.




