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THE | NVENTI ON The present invention relates to a dredge 5 cutterhéea ed

to renoveygB®krizal from harbors, shipping channels, and i,ne
environnments and mning operations. Dredge cutterheads é&%ngéﬂgﬁé%ly

hem spherical wth a multiplicity of hard rock cutting teeth or 10

repl aceabl e. edges projecting outwardlyifrom helical support arns or

bl ades di sposed about the hem spherical surface of the cutterhead. An
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Patent No. 4,891,893. The cutterhead has a hub which fits around a 15
shaft that grovides t he torgue for turning the cutterhead in its operation

of dredgi ngBPAFheReUtPePheidEcAUYENTEPY all kinds of materials, including

rock, sand and clay whicpraushtbenvenpyed fapmihe bed beaipg dredged.
Conventional cutterhead arns are shaped O mnimze wear, but are not

ped to, 2 but
desi gned t oCHbUETHEREr 'aFd RoheVEYS BRAESHi21 hEX PR Jif hRr encitimidrst by
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cutting teeth di g bel bvedghecbedetrbetdnserne neeeeral Ly Unfnordriratielay, a
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surface of the cutterhead. An example of such a dredge
cutterhead is disclosed in Bowes,'Jr., U.5. Patent No.
4,891,893. The cutterhead has a hub which fits around a

15 shaft that provides the torque for turning the cutterhead
in its operation of dredging. The cutterhead encounters
all kinds of materials, including rock, sand and clay
which must be removed from the bed being dredged.

Conventional cutterhead arms are shaped to

20 minimize wear, but are not designed to move material.
However, one of the problems encountered by cutterheads
is that the material loosened by the cutting teeth must
be directed into a suction pipe in order to be removed
from the bottom of the waterway. As the cutterhead moves

25 across the waterway bottom, the cutting teeth digiﬁelow
the bed to loosen material. Unfortunately, a substantial
portion of the material loosened by the cutting teeth
does not reach the suction mouth, which is generally
located adjacent to the lower side of the ring of the

30 cutterhead. Instead, some of the loosened material
quickly falls off the trailing edge of the digging arm
and tumbles onto the following arm. When the cutterhead
is operated at a steep ladder angle (for example as shown
in FIG. 1), the loosened material remains near the hub

35 end of the arm, and prevents admission of new material
into the cutterhead.




and tunbl es onto the following arm Wen the cutterhead is Dfecitedll a
steep | adder angle (for exanple as shown in FIG 1), the | oosened nateri al
remai ns nean2pérezhub 35 end of the arm and prevents adm g&ig801@ho7i3ew
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The result is that the finished bed depth provided by the dredge
cutterhead is often limted to the deptk of the nouth of the suction pipe,

rat her than the depth _of cut achieved by the pujttieg?- teeth. Since the 5
dredge cutterhead itsefPeiEeFdtfelanthat bhe ki vidiad &ed slerad i ncl i ned
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rotati on, and the cué gat eri al %gc(#rrul ates within the space defined by the
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material may be removed. This results in additional time
and effort needed to achieve a specified finished bed

15 depth.

One attempt to direct material inwardly from

the cutterhead to the suction pipe is disclosed in Fray,
U.S. Patent No. 2,080,730, which discloses a rotary
cutter comprised of a plurality of blades. The body of

20 each blade extends substantially in the line of a helix
taken around the center of rotation, and the cut material
accumulates within the space defined by the cutting
blades, to be discharged into the usual suction pipe.
Each blade provides a plurality of rib formations which

25 are intended to propel movement of the earth or other
materials being handled to the suction pipe.

Another attempt to move dredged material is

disclosed in Shiba et al., U.S. Patent No. 4,702,024,
which discloses scoop-in plates 7 coupled between helical

30 vanes 3 and a ring 24. Earth and sand are scooped in by
means of the scoop-in plate 7 so as to be directed toward
the suction tube 5. However, the vanes themselves do not
capture material so as to move the material toward the
scoop-1n plates.

35 Another dredge cutterhead has invelved adding
at the upper portion of the arm a wall at a sharp angle

following a conventionally shaped cutterhead arm. The




Anot her attenpt to nove dredged material is disclosed in Shizb% Jai{il- aaﬂﬁﬁ

U. S. Patent No. 4,702,024, which discloses scoop-in plates 7 coupl ed

bet ween MEP PHeA21280 vanes 3 and a ring 24. Earth and sand mreyshaaepgd i n by
means of the scoop-in plate 7 so as to be directed toward the suction tube
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cutterhead that efficiently captures the loosened
material within the cutterhead, that moves the dredged
material to the mouth of the suction pipe, that supports

15 and allows for the easy replacement of standard cutting

teeth, and that is capable of withstanding the extreme
forces encountered during dredging without breaking or

becoming deformed.

20 SUMMARY OF THE INVENTION
The present invention overcomes the aforesaid
drawbacks of the prior art by providing an improved »
dredge cutterhead.
In a first aspect of the invention, a dredge
25 cutterhead comprises a hub, a ring, and a pluralit§-of
helical arms interconnecting the hub and the ring. Each
of the helical arms has a leading edge for attachment of
cutting teeth, a trailing edge, and a trough portion
therebetween. The arm is shaped such that the net force
30 exerted on material in the trough portion pushes the
material toward the ring substantially along the center
of the trough portion. Ry "net force' is meant the force
exerted on the material by the combination of gravity,
buoyancy and centrifugal force.
35 . In a second related aspect of the inventidn, a
dredge cutterhead comprises a plurality of helical arms,

the helical arms interconnecting a hub and a ring. Each




The present invention overcomes the aforesaid drawbacks of % pe]iLi 2fiipart
by providing an inproved dredge cutterhead. In a first aspect of the

i nvent i oNYO&2/62¢xfge 25 cutterhead conprises a hub, a ringraadserglurality
of helical arms interconnecting the hub and the ring. Each of the helical
arnms has a | eading edge for attachnent of «cutting teeth, a trailing edge,
and a trough portion therebetween. Thelarmis shaped such that the net
force 30 exerteg og {[rateiial in the trough portion pushes the nmateri al
toward the PEnERE€uBeLaFRt afTHE dithg thfeBamt @dgeoff atheé ttemigiergoratfi on. By
"net force”custbrantetbie, for€enileXeS (R ON e aRbRR A kg, combi nation
of gravity, buo%agcg and e{}%rifu al force. 35 In a second rel ated aspect
of the i nvehPFHRAVEAYEET edgd Tt et & SYRsHESe ST PIrYEYLEy NéRThel i cal
arnms, the hekicahgasfsat ntedoreecti ng a hub and a ring. Each 28 JUL 2005
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Shapi ng the st 6 Thar” 1he Rar Foras T bact Eombelt PSSt aiArds he 1) ng,
the arm act BUFPKERE prirpP Rt ted indy € fracasingll vetbiveirénthye trowahd t he
mouth of the sHEts@e: hPepidd) addi tHent by, PEYVidRgadnkOrel atively large
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dredged material within the cutterhead as it flows toward
the suction pipe. Material loosened by the cutting teeth
flows along the trough portion of the arm and toward the
15 ring. The trough portion prevents the loose material
from spilling over the trailing edge of the arm and out
of the interior of the cutterhead. The cutterhead thus
improves the efficiency of dredging and achieves a’ deeper
finished bed depth for a given depth of cut.
20 In another aspect of the invention, a dredge
cutterhead comprises a hub, a ring and a plurality of
helical arms interconnecting the hub and the ring. Each
of the helical arms is capable of supporting a plurality
of cutting teeth. An annular channel is defined by the
25 ring for retaining loosened material. o !
This aspect of the invention also serves to
facilitate movement of loose, dredged material from the
interior of the cutterhead into the suction pipe.
Material loosened by the cutting teeth is transported
30 along the arms toward the ring. Once the matexial enters
the ring, the channel retains the loose material. Thus,
notwithstanding the rotation of the cﬁtterhead, the locse
material remains inside the interior portion of the ring
until it 1s removed by the suction pipe. _
35 The foregoing and other objectives, features,
and advantages of the invention will be more readily

understood upon consideration of the following detailed




flows along the trough portion of the armand toward the 1;?,\%!_ ZIQIQQ
trough portion prevents the I oose material fromspilling over the trailing
edge of ween2awetm2and out of the interior of the cutterheadryRigsewst er head
thus inproves the efficiency of dredgi ng and achi eves a"deeper finished
bed depth for a given depth of cut. 20 In another aspect of the invention,
a dredge cutterhead conprises a hub, adring and a plurality of helical
ar ms intercgnnecti nﬂ t he httﬁ) and the ri ngtiq Each of the helical arns is
capabl e of SGPPOIRTHY £l tarityentdrerouttakeg tdeCRninRCcadrnl @hitbhannel i s
defined by the 2&compwnyfiorg ratatitigag | oosened material. This aspect of the
i nvention also serves to facilitate novenent of | oose, dredged nateri al
fromthe interior of the cutterhead into the suction pipe. Material

| oosened byBRERF CRESGCREPTIERT DR STHE SESIERAL e I3WsabengutherannRcEoward t he

ring. ce the materi enters . the ri.ng, the channel retains the |oose
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with e acconpanyi rl:gIGdr wi.ngs. BRI EF DESCRI PTI OF THE SEVERAL VI EW5 OF
THE NGS FIG 1°%5 a’sipli fFe§ sPae Er&VaPtohGi W e takemedge

show ng t hex dreggehe Utiner 3edd dfn Fa@per at.i on.

FIG. 3A is a sectional view of a prior art
ring.
FIG. 4 is a sectional view of an arm taken
15 aiong the line 4-4 of FIG. 2.
FIG. 4A is a sectional view of a prior art arm
taken at about the same location as that of FIG. 4.
FIG. 5 is a perspective view from the rear of
the cutterhead of FIG. 2.
20 FIGS. 6A-6D are cross-sections taken along the
corresponding lines 6A-6A to 6D-6D of the cutterhead of
FIG. 5.
FIGS. 7A-7D are cross-sections from a priér art
cutterhead taken at about the same locations along the
25 arm as those of FIGS. 6A-6D. -
FIG. 8 is a side sectional view of the
cutterhead of FIG. 2.
FIG. 2 is a simplified schematic side view of a
cutterhead of the present invention with all but one arm
30 removed showing the helix angle of an arm.
FIGS. 10A-10D show cross-sections of another
prior art cutterhead corresponding to the cross-sections
of FIGS. 6A-6D.

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is directed toward a

dredge cutterhead that improves the ability of the




FIG 2 is a side view of an exenplary dredge cutterhead of ttg prﬁzent
I nvention nmounted to the end of a ladder. FIG 3 is a sectio ﬁ \J

t he ri ngWtatkeds212al ong the line 3-3 of FIG 2. FIG 3Ais @& 9;13 Vi ew
of a prior art ring. FIG 4 is a sectional view of an armta en 5 al ong
the line 4-4 of FIG 2. FIG 4Ais a sectional viewof a prior art arm
taken at about the sane location as thatéof FIG 4. FIG 5 is a perspective
view fromthe rear of the cutterhead of FIG 2. 20 FIGS. 6A-6D are

cross- sect i ofis- kSR tongarteres shrasigech dilegskinees méAe6Aal 0weBPhER of the
cutterhead ofhe Fl I r sect rior, art
cutterhead taken r%te%ﬁorﬁtc;?hté@so\éﬁ?t%(r)rglg%‘ldg%?da@%nhggﬁetﬁ’% 8?%?3@ 4 hose of
FIGS. 6A- 6D."HGEIH OURL] ddes aenitdnaif \fﬁlh@wsyf?ttlbe pa;pe1;er1flhad of FIG 2.

FIG 9is ado‘ﬂeﬁ'r_ljd fdad esahemnidrc tfHed%r‘é‘s%WtOfln@'enE':r!B{%e&%ga e present
I nventi ;tall but one arm .30 renoved show n I ang e of an
arm FIGS. Py G9Ys IRAVETS SO edc Fr6Rgest UaRst ﬁ@F CPEFe¥ -ancttomt er head

correspondi n:gfetdgltdga cross-sections of FIGS. 6A-6D. 35 DETAILED

DESCRI PTI ON OF THE PR F RREQ EN%CDINENgg ﬁ resent i nvention is directed
toward a dredge cuttefhead that "Hprov &Y PS?tle&?r%h’é bilge JUL 2005 WO
02/ 062125 PGIHTT@ST@]]JSS(IEXSJTBt@utltlmeheadmtanteapw@e ur eggesl, 2| oosened rateri al

Wi thin simplified representation of an exemplary cutter-suction

10 dredger 10 having a hull 12. At one end of the hull are
located two spuds 14 and 16, which are elevatably movable
and spaced apart in the widthwise direction of the ship.
At the opposite end of the hull is located a ladder 18
which supports the dredge cutterhead 20. The ladder

15 houses a shaft 22 for supporting and rotating the
cutterhead, and a suction pipe 24 and suction pumﬁ(s) 26
which remove dredged waterial from the cutterhead. The
ladder, suction pipe and shaft are conventional and may
be of any type suitable for use with a cutterhead 20.

20 Similarly, the cutterhead 20 6f the present inventién may
be used with any conventional cutter-suction dredging
craft, such as a boat or barge, and operated in any
conventional manner. The cutterhead 20 cuts into the bed
11, which after dredging is deepened to the finished bed

25 depth 13. ‘

FIG. 2 shows a side view of the cutterhead 20
at the end of the ladder 18 and supported by the shaft
22. As shown in FIGS. 2 and 5, the cutterhead has a hub
28, ring 30 and interconnecting arms 32. The hub 28 is

30 used to attach the cutterhead 20 to the shaft 22. The
cutterhead 20 may be attached to the shaft 22 in any
conventional manner that allows the hub 28 to be
supported and rotated by the shaft 22. The arms 32 curve
in a helical manner around a rotational axis A of the

35 cutterhead defined by the shaft 22. (See FIG. 2.)
Protruding from the arms 32 are a plurality of adapters

34 for receiving cutting teeth 36. Cutting teeth 36




the interior of the, cutterhead and to nove the | oosened maPefidj] toapar d
the nouth of the suction pipe. The dredge cutterhead of the present

i nvent i oWWOrB3/0d3Sused 5 with any conventi onal dredger usadti®oi/s50738
cutter-suction dredging. Referring nowto the drawi ngs, wherein |ike
nunerals refer to like elenents, FIG 1 shows a sinplified representation
of an exenplary cutter-suction 10 dredgef 10 having a hull 12. At one end
of the hull are located two spuds 14 and 16, which are el evatably novabl e
and spaced ap&rtaRYF tHRF MR i e e ddtsssmofinveatdhinpincAude hanppposi t e

end of the hetdvdrscigeat efhcr imfdeted8 abiichsyppakt githe drgd
cutterhead 2[2 Tt’be | a dg{&w houses a shaft. 22 for supporting and rotating
the cutterhdad, Zhef t i %o i - 224%@1?6@?5#?’:&%(@5112]6 ighich renove

dr edged nat ardad i of riomdtyeratdderheack fetheicd adder, suction pipe and shaft
are conventional and be of t%%te zu ab(LEL dor use.with a cutterhead
20. 20 Similarly, the CFt&thédd 7 515755 AdPRvERti®r® may  be used
with any corﬂﬁemeirm‘iia;inadutkta@hmg:mlatedﬂedgamh coatks swehrésra boat or

bar ge, and Q&grpltrpgd c!f” Y o \gq.%tafdoré%l Qegacgtﬂﬁ% ter hﬁa 20 cuts

into the bed ™ 11, "which after ging i's deepené PHed 25
depth 13. FIGSNVENHGWS la obsind@gyi @R tofshoha) outwtleriheadm@(i)ncaat&mevmd of the

| adder 18 25t i ' b
adder 16 anchouppanied bt Hotuhalt 2008 sHOMIoN:F| Comyds b5, Lhe

cutter s.a hub_ 28, ring,30 and interconnectin
is 30 E]scgd [}%?ca\‘t]trﬁcﬁ’ltaﬁg St g’rbr?éﬁ‘d‘tié‘ 1ty Pﬁ&"%ﬂé?tm%“zer%le fxamt erhead 20
may be attached itrgy tthe shaft o2 tihe my:temmsenbkeagt ﬂlﬁﬂﬂ@jh tdd allows the
guEeF?c;F Pranner ngj?rh%% g‘%glg[hgt ?on%l axi Eleﬁsgﬁf E‘ﬁeg%ﬁa% t%‘%‘ﬁ’e"gﬁ 331[.Vﬁed' By
the shaft 2PIRESEUEhGMay, pe conventional. Material loosened by the
teeth 36 enters the interior of the cutterhead 20, moves
15 along the interior surface of the arms 32, and toward the
suction pipe mouth, which then removes the loosened
material to the dredger 10.
The cutterhead 20 of the present invention
achieves its advantages by more efficiently moving, or
20 "pumping," the loosened material from the interior of the
cutterhead along the interior surface of the arms 32
toward the suction pipe mouth, and by capturing more 6f
the loosened material within the interior of the
cutterhead. The cutterhead achieves these¢ advantages
25 through the use of a novel arm shape and a novel fing
shape.
Turning now to the arms 32, FIG. 4 shows an
exemplary cross-section of an arm 32 having a leading
edge 40, a trailing edge 42, and a trough portion 44
30 therebetween. (As illustrated herein for all arm cross-
section, the cross-sections are taken along a line
connecting equal percentages of the length of the leading
and trailing edges.) The interior surface 46 of the
trough portion 44 is contoured such that the dirt and
35 rocks loosened by the cutting teeth 36 during dredging
which enter the intericr of the cutterhead 20 will be

pushed, or "pumped," under the combined influence of




Protruding fromthe arns 32 are a plurality of adapters 34 fgéarag ivhag
cutting teeth 36. Cutting teeth 36 2 8 JUL 2005 WD 02/ 062125 / 178738
7 suitabMeOPyPs2lFe with the present invention include anypcﬁggéggﬁéona
cutting teeth, such as those disclosed in U S. Patent No. 4, , 932, the
di scl osure of which is herein incorporated by reference. 5 Mounted at the
end of the ladder 1B is a conventional ®acking plate 38 which covers the
rear opening _of the, cutterhead 20. The backing plate 38 has a
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prevents materi from .exiting the rea t he cutterhead except through
t he suctioﬁ%ﬁi%grégﬁth}STﬁgngggﬁﬁﬁgSBF&tgkgé 5Ha §lekfort ©Yi®e mouth may

be conventi enalfackbbér paly poosened by theantidet Budb emdershd heed Nt eri or of
the cutterhgad 20 S | the.interigr surface of the arms 32, and
toward fhe sug%Lgﬁqg¥%et#%uﬁﬁ?ggﬁ%%hl#héﬁergﬁ%%%%dt & FookThed Mat eri al
to the dredd@urpangthaatureephiehbe26rofd rheuprestnimiaventhiomt aghi eves its

advant ages By whkereblibei 8RhLY BBVEAE. a0, 20he PHOPI NG, o1, # 0gsened

material fromthe interior of the ,cutterheadea ong ?%e Interior surface of
the arms 322 owdPd the 8§eerbnrdrpe MBut AL Bhe Bytksipread ng More of ‘the

| oosened natresuakiwgt Bhapkheri pherhen 0F then emdt edeadh: The Lcutterhead
aChIEV?E t hese ggganta e§8%§8£hroggggtggﬁgse of. a novel arm_shape and a

novel rrng “&h& Tur B wid EBUGlE | ROT A I RMShEF tdenpl ary
cross-sectivatefriah aewrd2 hhwi ngna deadirably esyendt(;hea damidy RE edge 42,
and a troughyRoELhan4Aoreion.
FIG. S5 shows exemplary flow vectors F showing
the direction in which the material is pushed by the net
15 force at particular locations within the trough portion.
As can be seen, the net force urges the loosened material
toward the ring generally along the center of the trough
portion. Material at the sides of the trough portion is
directed toward both the center of the trough portion and
20 -the ring, while material located at the center of the
trough is directed along the center toward the ring. The
interior surface 46 of the trough portion 44 is
preferably smooth and free from ridges that might block
or obstruct movement of the material along the arm 32
25 toward the ring 30. h
The arm 32 thus acts like the vane of a pump
and causes the loosened material, upon entering the
interior of the cutterhead 20, to be captured within the
interior of the cutterhead and move along the arm 32
30 toward the mouth of the suction pipe 24. The result is
that the cutterhead 20 achieves greater efficiency during
dredging by capturing material that might otherwise pass
out of the cutterhead 20, and allows the cutterhead 20 to
achieve a finished bed depth that is deeper than the
35 mouth of the suction ﬁipe 24, as shown in FIG. 1.
Turning to the arm 32 in more detail, FIGS. 6A-

6D show several cross-éections of the arm 32 taken at



30 therebetween. (As illustrated herein for all armcross- sé%ﬂidHL 2096
cross-sections are taken along a line connecting equal percentages of the
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trough portion 44 is contoured such that the dirt and 35 rocks | oosened by
the cutting teeth 36 during dredging M@ICh enter the interior of the
cutterhead 20 will be pushed, or "punped,"” under the conbined influence of

VO 02/06212Bu8c28sdbk 2005: i BRI/ EBOH BRISEpop Rty afpoyaney, and

centri fugal Eor ce interior sur e arm

al on
ring 30. B?F‘é‘a g 8HPUBr€H SLBRS t it 68 heo sFldpeD of £ tHkG. surface at
any point i $Aatualda]‘i@i‘@lﬁuchtbb&t réh@rge@o SchOr&es di# vase the, nptgrial in

the desired_dir ature of the arns resultsafroma
conbi nat i ontg%fl%tl% 9€r0u8§ }ﬁgggg?if FRESEF ny Ot Hee 1iald selarddie MM the arm
and theSaspecarraheorJ(n(@):S@f t hencabherdead. cTheesgasidd ng-cshape of the
armis such e 0 erted terial thlnthetrough
portion pusﬁ%gé-%%ﬁg ch?e“ aﬁgf?)%/a?gét%m??ﬁb ﬁnael?eaﬁlﬁpwaﬂ oy 5 -cent er. of
the trough portPon. FIG S shows exenplary flow vectors F showing the

direction in which thpnéraiggéﬂofsfg %h@g@yg K.[S}%; 3513 force at
¢

particular locations within the trou ortion. an pé seen, the net
force urgesSthet fhoihedwarediap as o'if%rlﬁat%ihlé? r*’@atfgﬂ‘geﬂerl@ldswn&ldobg t he

centeriof tiee tewtiging posétN. thbd epf@lerdli ddanaticdas 10t he ftarlgtoi ?; portion
IS dlrecteg% rdrbagtgltlhe géente i%‘)thetro gh portion and he ring,
while nmaterial Tocated at™f e Lent FAHE 20 Sugit "9 dheect ed al ong t he

center towardttéchedcdhyg. Hhe"curved! ofs swrdrac e hd dafgrdae oifr Qughaparki on 44
is of the interior face 49 from the leading edge 40 to the
trailing edge 42 of the arm. A degree of curvature
15 ("D.C.*) of a section at any point along the arm may be
determined by taking the ratio of (1) the depth of the
trough portion 44 at that point and (2} the width of the
interior face 49 of the arm at that point. The "depth®
of the trough portion is determined by the greatest
20 perpendicular distance between the inner-surface of the
trough porticon 44 and a straight line interconnecting the
innermost surfaces of the leading edge and the trailing
edge. For example, FIG. 6D shows a straight line 52
connecting the innermost surface 41 of the leading edge
25 40 with the innermost surface 43 of the trailing edge 42.
The line 54 is the maximum perpendicular distance between
the interior surface of the trough portion and the line
52. The degree of curvature is the ratio of the depth D,
i.e., length of line 54, to the width W between the

30 points 41 and 43, i.e., the length of line 52.

By "sufficiently curved" is meant that the arm
has a degrec of curvature that is sufficient te retain
material within the trough portion. In general, the
degree of curvature near the hub is at least.about 8%

35 and more preferably about 10 to 12%. The degree of
curvature near the ring is at least about 10%, more

preferably about 15%, and even more preferably, about 20




preferably snmooth and free fromridges that m ght block or @lﬁsg‘w_h 005
novenment of the material along the arm 32 25 toward the ring 30 € arm 32

thus act V0 dke21dse vane of a punp and causes the | oosengg dﬂm&ﬁfﬂb% upon
entering the interior of the cutterhead 20, to be captured wthin the

interior of the cutterhead and nove along the arm 32 30 toward the nouth of
t he suction pi pe 24. The result is thatPthe cutterhead 20 achi eves greater

ef ficiency r edgi n ca ur| mat eri al that ht ot herw se pass
out of the g%t hea‘é ggg gﬁdggl LI‘r’ge AR ertiead iy th-g adcHicasdt a

fini shed bedoaepnhuthatthatdlele@eﬁett hedr¢d e 35 taitdn Qfattél% SUGldQn pi pe 24,
as shown ing T in othe arm32 in re detail, FIGS. 6A- 6D show
sever al crosglesG’é%gI Mgf ]?%e T EA L P D TS 2605 WHS52/ 062125

PCT/ US01/ 50#380owg §h@c@s<swle pwjatcmnsafacnﬁrmnimiatum t(hfe 3@ carim32 t owar d
the botgom £aSwSh e aR . of  Fl used herein,

W ﬁ"\@o N é]?@e%nﬁ'%rﬁf‘ él e kel ig é‘rY(T %[Y&tr

"top" refers tq e end the arm near- t(’ill?ierefers to
the end of tfad é‘?‘i?h gd¢eared ety g 180. ) Bm 'cmfratrraste hobrr éspaedinig Cross-

sections fremaiprips @E}slgelngdeer&eatq]earaer@q% 'h” 7A 7 The
interior fa 42%of tge arm32 is sufficiently cﬁrbggegg as EB‘ “retain

mat eri al oPY he'%ak 15y Hiewt'h 15t Mg nr evshipnghentiereal from
falling of20% heftt}aelaﬂg leai@;}ofadﬁ&ea\{tmt@n@h@mrtlhgg3bhe Fg)gtter head. By

"curvegdy isg gﬁ@g# dsergoree Of F&lgvaté}?s of the interior face 49 fromthe
| eadi ng edge e T4l 1ithg Sdge Gr e deRres gégresvetusear vature
15 ("D.C. ") fer @ns@%gm@ﬁﬁqﬂ sy gfoitite. glremg nithé naent ey Benges from
a minimum degree of curvature of about 10% near the hub
to a maximum degree of curvature of about 21% near the
ring, and has an average degree of curvature of about
15 15%. In contrast, FIGS. 7A-7D show a conventional prior
art arm in which the degree of curvature varies ffom
between 2.6% to 6.0%, and has an average degree of
curvature of about 4.5%.
Preferably, the degree of curvature genérélly
20 increases along the arm 32 from the top near the hub 2B
toward the bottom of the arm 32 near the ring 30. By
"generally increases" is meant that the degree of
curvature on average increases over at least the lower
portion of the arm, that is from a location at about 50%
25  of the arm length from the hub to the ring. More
preferably, the degree of curvature on average increases
over at least 70% of the length of the arm, and even more
preferably on average increases over at least 90% of the
length of the arm. While the degree of curvature
30 increases on average, nevertheless the degree of
curvature may vary over a given length, and may even
decrease over short portions of the arm.
Increasing Ehe degree of curvature along the
arm allows the trough portion to retain the material
35 flowing along the trough and admit additional loosened
material entering the trough portion from the lower

portion of the leading edge. Because the degree of




determ ned by taking the ratio of (1) the depth of the troug %grmog 44
at that point and (2) the width of the interior face 49 of t |J atl®hat
poi nt. TMO Ix@pi2s" of the trough portion is determ ned %Ttﬂl;g% %,;égt est 20
per pendi cul ar di stance between the inner-surface of the trougrlrp Frtion 44
and a straight line interconnecting the innernost surfaces of the |eading
edge and the trailing edge. For exanplle, FIG 6D shows a straight line 52

connecting the igner’m)st su_rtﬁac,e 41 of the | eading edge 25 40 with the
i nner most  sOFF48e"48 BFEha Y al PFrReASHye YE MepHen feBzed ©f he maxi num

per pendi cul anrdastiaaces betweenabl el badesd Orowily g afhd he firpueh portion
and t he Iinﬁe ?@ ;[pe dregrgg of ¢ rvaéure is the ratio of the depth D,
i.e., length®df TiRe 54" "to fhe V\ﬁfﬁ H-SHBEt Vide PHYHE B35 Spalade’s tE and 43,

i.e., the |ebgoh30fisipeeblraByy "sufféadtemnt |5y ttwesed ards Rantothat the arm

has a degr e, 9f - £4iVat at is . sufficient.to retain material within the
t rough port?gn.el n ggnéélér S}%Q?‘%eé l_Eilznglfg!grse‘e(?[—be gﬁﬁfﬁengl e AHECh B aTs at
| east . about B8, 38 dhd nore preferably about 10 to 12% The degree of

curvature near the ripg-isxatpleasii@bout, 102, pr.ef erabl y about 15%
and even nore preferabl abo%t 20 2 8 JUL 05’%1%8{0%615/ 8§§f§§ B%T/ usd / 50735

Y.,
10 to 25% %\uﬁ‘é@?%eofljc(tjfva%f&ﬁ”@%ﬁé'd’fg IR ialpgust 9af’ %l eger cheYhibsur es

that the nezsfiscabexeraemh Pmdwt afticalr iRgar o .t herLisNg Wl heg{»gg terial
toward i modat e t he

_1§he riIr_I‘gat@rned rg;lplaso t}?l | ows ttbe .tr%g)%g portion to acc _
material 5 TToW ng down t he arm$hd “al’So 3Er Pn§it'Re &b geereenef | eading
edge near t#ervatig-e Biedmedre the " iIsn rm:?m:asw',t e thg ppper 20% of the
T | ongh" SRR ke WDLED 0GBk BT cLELLRR et

arm does not generally increase along the midportion of

the arm, but instead decreases. The degree of curvature
15 near the ring of the prior art arm is slightly less than

the degree of curvature near the hub of the prior art

arm. In fact, for the conventional prior art arm shown

in FIGS. 7A-7D, the maximum degree of curvature is above,

rather than below, the minimum degree of curvature.
20 Returning to the exemplary cross-section of

FIG. 4, in one preferred embodiment the interior face 49

of - the present invention preferably has a leading portion

48 for supporting the adapters 24, shaped similarly to

the leading portion of the prior art arm 32' shown in
25 FIG. 4A. The leading portion 48 has a thiékness W; which

is similar to that of the prior art arm 32'. The

thickness W, provides support for the adapters 34 and

cutting teeth 36, which are subjected to extreme forces

when cutting into hard materials such as rock. In
30 addition, the thickness of the leading portion 48 allows

the arm 32 to withstand wear and abrasion encountered

during dredging.

The leading portion 48 preferably curves

inwardly to provide a space between each of the
35 respective arms 32 for dredged material to enter the

interior of the cutterhead. Preferably, the leading

portion 48 is aligned with or follows the cutting teeth




10 exanple, as shown 'in FIGS. GA-6D, the degree of curvature fgr a‘gg_
exenpl ary arm of the. present invention ranges from a m ninum e&gr (2‘005

curvat ur sv@b2/edaost 10% near the hub to a maxi num degree ﬁT/?é‘Hl)’iajl- re of
about 21% near the ring, and has an average degree of curvature of about
15 15% In contrast, FIGS. 7A-7D show a conventional prior art armin

whi ch the degree of curvature varies fréé between 2.6%to 6.0% and has an
aver age degrre?e g curvature of about 4.5% Preferably,  the degree of
curvature genefd 1Y€ FFM nSledSe$Cardngike 4hm B2afrom the 4op. near the .

hub 28 towdlie tleediold garefichhe samaly3&aReabnt DRLLL NG 30,3 BYs oQenerally
i ncreases” icﬁr’@%@&et hat the de%yree Oiﬁ‘ curvature on average increases over
at |east thé Tower = pdrt Foh“of 1T helBHAT t HatEhes garsinng iosedt irediat about
50% 25 of tkwé mumvagngteh offr aivet pe ibubate the Bhng. M e-apreferably, the

degree aef cuyg re_o i ncreases over at |east 70% of the |ength
of the arm lézlil\rﬁrag\lfeé‘fr? %ﬁ?\\éﬁ%%%féeir]% yﬁ?)% WerdgR ither £488s 3§vép &hel east

90% of the MHUéngeh blutt ha aererwhi Le shehdebaeetlod o vat una~3Q ier eases

on average, aneyerkhehess Lher - C ture Jmy var ver a given:
| engt h, andagay__even decr easggg\%gg g ort Hfﬁ%?ﬂn s%ca)ftq ﬁ:é'}/ea&}’r\b 14fcr easi ng
the degree Of€clirdaturé &hengepRengaparhalPowss time tvaoygh tportion to retain

the materiabendvafllowcBapalony Ehemt {9¥90 apek agkm 1y Addi .ho%efl tlhfosened .
mat er i gb enteri ngoth troggh portion fromthe | ower portion of “he | eadi ng
edge. Because thé eS?ss “WD 02/ 062125 11 2 8 JUL 2005 PCT/ US01/50738

curvature general |y i Aor easesrefaeredxétisd degiee tHe MM WoS-thiSn
preferably Egcgh9dsgg%@6nt939tﬁgg Q%&%%&g%s three different areas,

each having a different radius of curvature Ry, R; and R,.
The first area 56 has a radius of curvature R, that is

15 much smaller than that of R,. As shown in FIG. 4, the
interior surface 46 in the first area 56 curves in a
concave manner such that the thickness of the arm
gradually decreases in a transverse direction. The first
area 56 smoothly transitions toc a second area 58 having a

20 radius of curvature R, that is greater than R, and is
similar to that of R,. The arm 32 has a thickness W: in
the second area 58 which is thinner than the thickness W,
of the leading portion 48. The second area 58 smoothly
transitions to a third area 60 having 'a radius of

25 curvature R;, at any point along the arm, that is iéss
than R,. The smaller radius of curvature R, for the third
area 60 causes the third area 60 to curl inwardly toward
the interier of the cutterhead 20. Preferably, the
trailing edge 42 curves inwardly into the interior of the

30 cutterhead 20 beyond the interior surface 46 of the
leading portion 48 of the arm 32. The average radius of
curvature of the trough portion 44, defined as the
average of R,, R,, and Ry, is less than the radius of
curvature of the leading portion R,.

35 While FIGS. 4 and 6A-6D show an arﬁ having an
interior face comprising a leading portion and a trough

portion, the requisite degree of curvature may be



degree of curvature. The degree of curvature near the ring 3%(9%5 ‘
preferably at least 1.5 tinmes, and even nore 5 preferably at s«iUlz Hies,
t he degr go ¢fo@@svature near the hub 28. For exanple, FIGS. GA-6D show the
degree of curvature, D..C., increasing from about 9.7% n&&T/YH&MIB 28 to
about 21.2% near the ring 30. Thus, the degree of 10 curvature near the
ring 30 is about 2 tines the degree of 13curvature near the hub 28. In
contrast, far the prior art armof FIGS. 7A-7D, the degree of curvature of
the arm do‘g%t‘?nb"t‘e‘ge‘ﬁeﬁfla?%/ e idltdmg the ardpbntbonwef suthe arm  but

i nstead decg®asisns Therwlegr aenofs Gy Wa&ell e of the prior
art armis slight Iné/t}less than the dn‘eé% ee g gcuﬁ%%?%‘?ethtﬁagrg AFRE hub of the

prior art ‘arm*IntfdEREFHTA H@%rﬁ?@nttlr@ﬁélmﬁrﬁwe apurar imshodhy.i n Fl GS.

7A-7D, the Tiexi i shegr %ﬁacﬁdlm\liatn\éryeﬂesdé@%{@d braéx*?f cLpgo Bl ow, the
m ni numn deq:rer%of curvagtu 20 Returni n% to the exe cross-section of
FIG 4, in oneBrarsrt & SO e REeFFoFr+a 4'90 ¥FCE hangdr esent

i nvention dr:ef@r ablWhihas &andcftadlsmlg?fla@le'sl afe 48siosd supponiingethe adapters
24, shaped I d| rtion of the prior art arm 32" shown
B Yo ol U RRALE Be e e Fuv s

|n25FIG 4A. “he iea portlon is simlar
to that of WH&DE cbiran-‘ratllélYmOC{Z'flafheurﬁhcekﬁelssc}thrmfitd:ﬁSn sapport for

the adapt ersha34 %ﬂ?‘@;le@“atl'o@)% tt@l%t Iin%@rléﬁ@' QuEﬁz{Lee So"kbjt%t ed. . O%lgé;[ ,[ Iegﬁ

forcers} when cutting _into hard materials such as rock. t he
thi ckidss of the | eadih@dedidicsn wBide| Bhg Ligwres migpy teeicm taknstland wear

and abr asi omvengounteoedh @wﬁtﬂgndredghﬁgonir)h%éc@s@ R
Feapect tve arreg o BERRS) suberbRepiip e i‘rﬁ?réa?tet{q“?ﬁe“.fna%‘.. Sfro%Pet he
cut t er head e¥Prafler. altihe, cuigelrbadidngay be provided with three
pumping arms having the degree of curvature described
15 above, and three conventional arms.

The ability of the cutterhead 20 to efficiently
move loosened material toward the ring, or its “pumping"
nature, may be improved by optiomnally increasing the-

" helix angle of the trough portion of the arm 32. As
20 shownt in FIG. 9 the helix angle of an arm 32 is the
included angle y between the tangent to the curve of
interest (such as the leading edge) at a given point and
a plane that is parallel to the ring of the cutterhead.
A conventional average helix angle for an arm along the
25 leading edge is typically between 135° and 140°
Increasing the helix angle of the trough portion of the
arm causes the arm to act more like a closed Archimedes
screw.

One method for effectively increasing the helix

30 angle of the trough portion is to increase the width of
the arm of the cutterhead from the top to the bottom of
the arm. For example, FIGS. 6A-6D show the width of the
arm near the ring (shown by the length of line 52 in
FIG. 6D} is about 10% wider than the width of the arm

35 near the hub (FIG. 6A). 1In contrast, the width of the
arm for a conventional cutterhead usually decreases from

near the hub toward the mid portion of the arm, as shown




portion 48 is aligned with or follows the cutting teeth 2 5 JUL 2005 WO

02/ 062125 PCT/ US01/50738 12 36 of the arm so as to mnimze the ayyjof

t he arm wahzod2ezsdi ng portion 48 may have an interior radbéfm@@yao%ér nggs
RL which is simlar to the conventional radius of curvature of the prior
art arm32'. The radius of 5 curvature RL varies along the armfromthe
ring 30 to the hub 28, but in general %% such that the arm 32 curves in a
snoot h hel i cal hi om herl 30tothe ub 28- The wi dt h of the

| eadi ng port I?on % n—&{' {/[gry,g) 'aI §Re Heommonaar 35% of t he
wi dth of thghe 1101mgntza$|&ir Jf@mat459‘> wideone Hurefed ad dibetidenihe t he trough

portion y r three, different areas, each
havi ng a dll?@]eren?ﬁ%é ﬁdp%sé%%gfc}ﬁrvat ueraesstl?%SlO RS R:?nde'lanveeq I8t ar ea 56
has a radi rofecakimtalr elaast W% ivel A5 rruch smal l er than that of RL. As

shown i:n FIG 4, the pistgll of @r&tﬁ st &g 26 gurves in a
concave nmanner such that the t% ness o t e arrﬁ gr%a ualIJ1y Feases in a

transver se i rtdtq itFPUMhPITTAN I 6 S6cnmsotehighe haisix izogd ¢ ofa second
area 58 hawimg e d@didise of G ABLIIE RE Hhafe 1l %%%e orifigl R and is

simlar to .that. of . The arm 32 has § thickness n- the seécond area 58
which is tH g ¢ He® (i LV ’O\e‘nfjh@OFéaBirﬁéeE@bthOﬁt48. The
second ared&&tsmo@hly transitions to a third area 60 having a radius of
25 curyature R3, at aL”thé’\’uO' nt ath thel arm tt hat i ess than R2.. The
smal | ér radius of curvature ML L0R PRt Fe 8 iaBEaGuEserheathi rd area

60 to curl Wayndred|ynprsweadd by e tiisredilor iof riche ingt lt:hehaa@eae. rReeber abl vy,

the trailing edoe 2 SHEsdmerdl ym@t% ?%%tl ALeib 0% 0k yihe 30
cutterhead 20 be)%ond the interior surface 4
cutterhead is the ratio of the out81de dlameter of the

ring 30 to the height of the cutterhead 20. The height
15 of the cutterhead is the distance along the rotational
axis A through the hub 28 between the top 62 of the hub
and a horizontal plane defined by the bottom of the ring
30 as shown in FIG. 9. A conventional cutterhead
typically has an aspect ratio of about 1.4 to 1.7. The
20 aspect ratio of the cutterhead of the present invention
is preferably at least 1.7, more preferably at least 2,
and even more preferably at least 2.2. Increasing the
aspect ratioc allows the érm to take greater advantage of
the centrifugal force to push material toward the ring.
25 The flow of material into the suction mouth may
be enhanced by continuing the trough portion into the
ring 30. As shown in particular in FIGS. 5 and 8, the
ring 30 may optionally define a plurality of notches 64
along the interior of the ring 30, each communicating
30 with a trough portion. The notches 64 improve material
flow into the suction pipe mouth. Optionally, for
embodiments which do not include an annular channel in
the ring (discussed below), the notches may be continued
through the ring so as to allow maﬁerial to flow over the
35 ring and into the suction mouth. |
In another separate aspect of the invention,

the ring 30 of the cutterhead 20 defines an annular




| eadi ng portion 48 of the arm 32. The average radi us of curg%fgﬂﬁ '
trough portion 44, defined as the average of RlL, R2, and R3 ess than
t he radi wso @fog2pMr vature of the leading portion RL. 35 Wile FIGS 4 and
6A- 6D show an arm having an interior face conprising a WEQH#W§bﬁG?tlon and
a trough portion, the requisite degree of curvature nmay be WO 02/ 062125 13
2 8 JUL 2005 PCT/ US01/ 50738 obtai ned wid hout differentiating the arminto
two such portions. Thus, the armnmay have a uniformthickness. Nor is it

necessary thhanh@B Gﬁapfeﬂ@raﬂgﬁ 164 1 nds v a6 - séﬂwidnnH%TEQE %%rgﬁﬁe 46

may be defined curve or 5 conbjnation of ves, and is no
restricted ?g Arc ag%dplP?ne%S ﬁ@ﬁW?&%ﬁnﬁﬁQESd%Fﬁﬁ%§ ar 85d&§Efed, it may be

possi bl e tohebeamn the tegui $iiegtens eesol NMﬁaﬁa@th re$ierd ta @h@rality of

flat surfac SLEI a [ n along the interjior surface

of the trougﬁ ¥€0§$ﬁé 8@'%%0§Hew% ?égfﬁég |%ﬁﬁ%§ ?%8% CERORC ﬁﬁnlhﬁaV|ng a

trough port#oRs - itThe lanl§- mep@s%bﬁQEtdﬁnthf mpingr dlsi iy obnthasar e be

punpi ng in 0@t uses o ikse §pﬁ% el £ 44H%£Hfﬁ eggg gﬁXB rovided with
e

three punping arns having t degree curvature 5 above, and
three convenfPohafealhan Tﬁé‘?}ébqf’rlgtlip"ﬁ’f ith& 16ut Bar heé@ @bOWD ehficiently

nove | oosenerzgmteriad Qﬁwfﬁéiéﬁﬁhﬂéﬂﬂhe(af'ﬂﬁé pEHgghﬂglanﬂEHBﬁ na{ be ¢
portion O

i nproved by o nal | cr.eas the, helix angle of the troug
the arm 32. ’ﬁ@ %85" %WP‘? %ﬁ%é%%@ aR§l EN6f TARTaPth 89 F8 the
i ncl ude@d angttea in betawered hmattemga@nt tThet hthatuevesof reb@i @egSthésuch as the
| padi 19, Sa9Edo @ Gl RO Un AN el 3301 AL L20BEALEL: 6061 NS 11N Of
into the channel 66, allowing the loosened material which.
enters the ring 30 at a location removed from the suction
pipe to move along the channel 66 toward the bottom of
15 the ring 30, where the suction mouth is located, as shown
in FIG. 2. In this manner, the channel 66 further
improves the efficiency of dredging by retaining the
loosened material and causing the material to be directed .
toward the suction mouth so as to be removed.
20 Preferably, the ring defines notches 64 which allow the
channel 66 to communicate with the trough portion 44 of
the arm 32.
' While FIGS. 3 and 8 show that a portion of the
channel 66 is formed as a result of removal of material
25 from the inner portion 68 of the ring 30 so as to define
a portion of the channel, the inner portion 68 of the
ring may have a square cross-section and the channel may
be formed by a lip or other structure associated with the
ring in order to form a channel for receiving loosened
30 material. The channel may also have a cross-section
shape other than a half-pipe, so long as it remains
capable of retaining material within the channel.
The terms and expressions which have been
employed in the foregoing specification are used therein
35 as terms of description and not of limitatioﬁ, and there
is no intention, in the use of such terms and

expressions, of excluding equivalents of the features




‘A conventional average helix angle for an armalong the 25 | eading edge is
typically between 135 and 140. Increasing the helix angle of g§h i%g@ggh
portion of the armcauses the armto act nore |like a closed Arc
screw. (K@ OMB¢HEY for effectively increasing the helix 3ITTROISIBE the
trough portion is to increase the wwdth of the armof the cutterhead from
the top to the bottomof the arm For exanple, FIGS. 6A-6D show the width
of the armnear the ring (shown by thelfength of line 52 in FIG 6D) is
about 10% w than the wi.dth of the arm 35 near the hub (FIG 6A). In
contrast, r%gg&Pd?ﬁgogefﬁgl ggnPFopoﬁt&8H§eﬁP?6ﬁ8ffcth@?h@gd usual |y :
decreases fresrgnéardt hbahubhtowaodet b mhe parvthencrfishgeal Argagpghown WO
02/ 062125 14.2. U 0 / /50738 in_FIGS. 7A-7D. Preferably, the

wi dt h of thglﬁﬁgséegpggtﬁg Egggyfgtg? Vgégb g@é&?ﬁer than the width near
the hub, nore preferably at |east 10% w der, and even nore preferably at
| east 15% wi der. S Another nethod for increasing the helix angle of the
trough portion is to increase the helix angle of the |eading edge.
Preferably, the helix angle of the |leading edge is at |east 140, and nore
preferably at |east 145. 10 Li kew se, the punping nature of the cutterhead
may be inproved by optionally increasing the aspect ratio (0) of the
cutterhead 20. The aspect ratio of the cutterhead is the ratio of the
outside dianmeter of the ring 30 to the height of the cutterhead 20. The
hei ght 15 of the cutterhead is the distance along the rotational axis A

t hrough the hub 28 between the top 62 of the hub



and a horizontal plane defined by the bottomof the ring 30 as shown in
FIG 9. A conventional cutterhead typically has an aspect ratizgffugb?ﬂgi
1.4 to 1.7. The 20 aspect ratio of the cutterhead of the presen

is preferably at least 1.7, nore preferably at least 2, and even nore
preferably at least 2.2. Increasing th@ aspect ratio allows the armto
take greater advantage of the centrifugal force to push material toward
the ring. 25 The flow of material into the suction nouth may be enhanced
by conti ngirpgMdhe trough portion into the ring 30. As shown in particul ar
in FIGS. 5 and 8, the ring 30 may optionally define a plurality of notches
64 along the interior of the ring 30, each comuni cating 30 with a trough

portion. The notchea 64 i \g% uré__rlal ow int.o the suction pipe nouth.
&

Optionally, for enbodi meht€S & A QPE L8 hinul ar  channel in

the ring (discussed below, the notches may be continued through the ring
so as to allow material to_flow over the 35 ring and into the suction
mouth. In another séfdrafe '¥dped r8nthe@ndchveplivanlitvhef ihed i3Glof the

cutterhead 20 deflnggﬂg RAYAL 28 5 §LS%9%§ YggOZ/ 621 PCT/USC1/50738
15 channel 66 preferably having a cross-section i A it a

"hal f - pi pe" as shown in FIGS. 3 and 8. As used hereln the tern1 ‘ring" is

used broadly to ref%é to th ower, alon of the cutterhead which
i nt er connects the 5 & ns& a? OﬁaF918|§§ %ﬁé&eaGWStﬁévﬁpﬁgal§QQ@¥@@htrast to

the prior art ring wigehans genenahky rgg@gnggh@rahnle% QS%H%Q% on, such
as shown in FIG 3A. As shown in FIGS and 8, the channel "the
present invention é%?eﬁ&élﬁﬁéuﬁémﬁhbeéﬁglﬁedrmvengohedﬁcaﬂeammng so as to

having a trough portion located between said
leading and trailing edges and extending along
said driving helical arm toward said ring, said
trough portion being substantially free from
structures obstructing movement of material
along said driving helical arm toward said

ring; and

{(c) each of said driving helical arms being
shaped such that said leading edge of a part of
a respective driving helical arm near said ring
trails behind said leading edge of a part of
sald respective helical arm near said hub as
said cutterhead is rotated about a rotational
axis thereof, and a net force exerted on
dredged material in said trough portion pushes
said material toward said ring generally along
the center of said trough portion as said

cutterhead is reotated.

2, The dredge cutterhead of c¢laim 1 wherein

each of said driving helical arms has a degree of




10 retain | oosened material. The channel 66 receives the |oosened materi al
which flows fromthe trough portions 44 into the channel 66, agg?ﬁﬁﬂgiémg
| oosened material which enters the ring 30 at a |ocation renov M
suction pipe to nove along the channel 66 toward the bottom of 15 the ring
30, where the suction nouth is locatedg as shown in FIG 2. In this
manner, the channel 66 further inproves the efficiency of dredging by
retaining the |oosened nmaterial and causing the material to be directed

toward the such h t removed: 20 Preferably, the ring

defi nes n?)t chetstlu%% ﬁ}%(t:th %ﬁe%v%ltl&e%lc IEGTHS° 6 FE ¢ Fat® with the
trough pomeisprotdvef pdrte car mi32adMide J2iGS.dr3 vand; Seshiow 1t hatmad portion
of the <channel. 66 is forned as a result of renpval of material 25 from

t he inner ‘3’&% G PERIEE (e 5810y T30S $PEd (80 deriché s portion of the
channel, the inner portion 68 of the ring nmay have a square cross-section
and the channel may be fornmed by a lip or other structure associated with
the ring in order o foflirea delealyeelcutaenteed vifng ladas dnaedhedzimat eri al .

The channegl al so -have_a _cross-.section hape ot her th a hal f-pi pe, so
long as i t%agganéfnssglgaggﬁlvémgf %r’%tlg’l i ﬁ&“ﬁa?’@ﬁ & MR ﬁ%@ra?am% . The
terns andcexpaessieoandval ahinhave Beefece®d QY@ athride fQf QIRIYG n
specificatign are used therein_ 35 as ternms of description and not of

limitati oR2*EnBRFHEME dPgTRE PRt EWEVEFUTEN ishd ogedeg nsagient éons and
02/ 062125 B BGT) S07 5 o B h e A e o d o SRYALLERS ¢ her eof » it
bei ng recognized that the scope of the invention is defined and |imted
only by the claims ﬂhiCthglE%gdge'cutterhead of claim 1 wherein

each of said driving helical arms has a degree of

curvature near said ring and a degree of curvature near

said hub, and wherein said degree of curvature near said

ring is at least 1.5 times as great as said degree of

curvature near said hub.

5. The dredge cutterhead of claim 1 wherein
each of said driving helical arms is wider near said ring

than near said hub.

6. The dredge cutterhead of claim 1 wherein
said leading edge has a helix angle of at least 140° near

said ring.

7. The dredge cutter head of claim 1 wherein

said cutterhead has an aspect ratio of at least 2.0.

8. The dredge cutterhead of claim 1 wherein
said trough portion is thinner than a leading portion of

each of said driving helical arms.



28 JUL 2005 17 CLAIMS 1. A dredge cutterhead conprising: (a) a hub, a ring,
and a plurality of helical arns interconnecting said hub and i diti RS
(b) each of said helical arns having a |leading edge and a trailing edge,
and at | east one of the helical arnms being a driving helical arm having a
trough portion | ocated between said Ilgading and trailing edges and
extending along said driving helical armtoward said ring, said trough
portion being substantially free from structures obstructing novenent of

material along said drivif didldgalo ey Gedlid i Ngmand {c) each of
said driving helical arns being “shaped such that sal Ieacﬂ ng edge of a
part of ®alespdad Vialnttierd wpfigldscalt dramgteamesaiatati ngadir asf s behi nd
sai d | eadi f a part _af saidr. ective helical armnear said hub
as said cstr%'tqtdgr%%é:g‘elss O e E Bo® e:i]gtaaﬁe(ﬁ)zﬁcmé'ﬁ EEMEeof, and a net
force exerediam. dredged material in said trough portion pushes said
material toward said ring generally along the center of said trough
portion as said cutterhead is rotated. 2. The dredge cutterhead of claim1

- wherein each of saii@ drippi.ngy i.C r r.ee .of .28 JUL 2005 18
curvature that generally }ﬁr?cr é:%? S %:“S%&%eg@é’?t %g%lr%eslpév&%r\%nporti on of
each of sskdddtireidgnekidgal carves tihatiriddyndater the Saitériiorg dfan to said

hub. said cutterhead.

11. The dredge cutterhead of claim 1 wherein
said ring defines a channel extending annularly along an
interior of said ring and facing openly inward from said

ring toward said rotational axis of said cutterhead.

12. The dredge cutterhead of claim 1 wherein
each of said driving helical arme has a degree of

curvature near said ring of at least 10%.

13. The dredge cutterhead of claim 12 wherein

said degree of curvature near said ring is at least 15%.

14. The dredge cutterhead of claim 12 wherein
said degree of curvature generally increases over at
least a respective portion of each of said driving
helical armg that is located nearer to said ring than to
said hub.

15. The dredge cutterhead of claim 12 wherein
each of said driving helical arms has a minimum degree of
curvature and a maximum degree of curvature, and wherein
said maximum degree of curvature is located nearer to

said ring than is said minimum degree of curvature.




3. The dredge cutterhead of claim1l wherein each of said driving helical
arns has a maxi num degree of curvature and a m ni num degree ofz(ﬁJer_tqg
and wherein said maxi mum degree of curvature is |ocated nearer to sai
ring than is said m ninmum degree of curvature. 4. The dredge cutterhead of
claiml1 wherein each of said driving2belical arns has a degree of
curvature near said ring and a degree of curvature near said hub, and
wherein said degree of curvature near said ring is at least 1.5 tinmes as
great as said degree of curvature near said hub. 5. The dredge cutterhead
of claim1l wherein each of said driving helical arns is w der near said
ring than near sai déhub.The: difeelodr edgecotitetzet kefadtlofinel 1 mMHemhigr ein sai d
| eadi ng eds%ecpas a _heli an%lle%ﬁf at | east 1400 near . said ring. 7. The
dredge cutter Aead 8" a<85h SERIUES ¢ e R i #hdispect ratio
of at |easfaid Gax@mulhelediredoe cihartead afs eaiynsk whergiqn said trough
portion is thinner than a | eading portion of each of said™driving helical
arms. 2 8 JUL 2005 19 9. The dredge cutterhead of claim 1l wherein said
ring further defines-at lgas n -.each of ai.d nqtches .

communi cating with gﬁesp%%t itd\:/%%%reo%%ﬁ:@epr%retai s .alfhgﬁdrw & dut t er head
of cl ai m bavkdedegrees aifd chiraialtiung edge Qwicaes onnwad Baidt a-itrhe digiteri or  of
sai d cutterhead. 1‘]?[. The dredge cutterhead of claim1l wherein said ring
defi nes aaghzﬁﬁélt xPelidF§ FFnGrsaty 28 §R/¢SafledrReeAfocugivataine ri ng and

faci ng opafl ¥nbawekd 16CARE SRl hear said hub.

18. The dredge cutterhead of claim 12 wherein
each of said driving helical arms is wider near said ring

than near said hub.

19. The dredge cutterhead of claim 12 wherein
said leading edge has a helix angle of at least 140° near

gaid ring.

20. The dredge cutterhead of claim 12 wherein

said cutterhead has an aspect ratio of at least 1.7.

21. The dredge cutterhead of claim 12 wherein
said trough portion of at least one of said driving

helical arms is thinner than a leading portion thereof.

22. The dredge cutterhead of claim 12 wherein
said ring further defines at least one notch, each of
said notches communicating with said trough portion of a

respective one of said helical arms.




ring toward said rotational axis of said cutterhead. 12. The dr?tggg
cutterhead of claiml wherein each of said driving helical arns h gl—azﬂﬂg
degree of curvature near said ring of at |east 10% 13. The dredge
cutterhead of claim 12 wherein said degree of curvature near said ring is
at least 15% 14. The dredge cutterhead of claim 12 wherein said degree of
curvature generally increases over at |east a respective portion of each
of said driving helical arns that is |ocated nearer to said ring than to

sai d hub. 15. The dredge e tudead ofc dliaidndl 2 dharsion 1 23600, 5 d
a

driving helical arnms has a m ni mim degree of curvature an maxi mum
degree of seuddy &drid ingn@dgiee meinvess dingrareMiymimtade gihee iofcemirorataffe i s

| ocat ed n%%ri%%cg_]%te%gli d ring than is said mnimum degree of curvature. 2 8
JUL 2005 . Th r éige cutterhead of claim 15 wherein said mninum
degree of curvature is near said hub and said maxi nrum degree of curvature
is near said ring. 17. The dredge cutterhead of claim 12 wherein said
degree of curvat ure 24t aTIh(?cé]trle%Senéfalrtt@éil’}@aﬁ o icdaim Y2eadterkif tines as

great as saijch de f: curvat wr t ti.Qn-near, sai d _hub. 18.
The dredge éutte?lﬁggg%cﬂﬁgl \aéﬁ %%fgm\?gereg%%&lﬁg‘% h%o BB Y\ sy el i cal
arms i s widéernear ofaisdidi mgnat had fearinsaicthehnlly. ih%arbhe rdnedga cutt er head

of claim 12_wh reind sai d Igading t%%j(ge has a helix angle of at |east 1400
near sai alPSnS.OW%. Fh&CGPEGGEALUPTEPhO4d SR e CRre R oRffer ei n  sai d
cutterhead has an aspect ratio of at least 1.7. 21. The dredge cutterhead

of claim 12 wherein
25. The dredge cutterhead of ¢laim 1 wherein

said ring defines a channel extending annularly along an
interior of saild ring and facing openly inward from said
ring toward a rotational axis of said cutterhead for

retaining loosened material.

26. The dredge cutterhead of claim 25 wherein

said channel has a cross-section ghaped as a half pipe.

27. The dredge cutterhead of claim 25 wherein
said ring defines a notch in communication with said
trough portion of a respective one of said driving

helical arms and with said channel.

28. The dredge cutterhead of claim 1 wherein a
plurality of the helical arms are said driving helical

arms.

29. The dredge cutterhead of claim 1 wherein

each of the helical arms is a said driving helical arm.




said trough portion of at |east one of said driving helical arns is
thinner than a | eading portion thereof. 22. The dredge cut t er hafl @[ﬂl_c}*%ﬁm
12 wherein said ring further defines at |east one notch, each of said

not ches comunicating with said trough portion of a respective one of said
helical arnms. 2 8 JUL 2005 21 23. Theosdredge cutterhead of claim 12 wherein
said trailing edge curves inwardly into the interior of said cutterhead.
24. The dredge cutterhead of claim 12 wherein said ring defines a channel

extendi ng annul arly 43 ongy i ri of ,said ring and fagi ng openly
inward fromsaid ring tovxl'/%;]éhjaer;'lf ot ézg{tc?r?arlhe%filjs()fof&saaﬁnbl Tt d. 25. The
dredge cutsebhedd sefididaiimihgMierldioal sainth risngagefdires@ channel ext ending

annularly along an interior of said ring and facing openly inward from
said rinFPEEITY oGt Yatts Ot taidd tasttter head for  retai ning

| oosened material. 26. The dredge cutterhead of claim25 wherein said
channel has a cross-section shaped as a half pipe. 27. The dredge
cutterhead of clai m325 whedgiedges aiud tieinhg adie fiomes-ia imat:ch i n conmuni cati on
with said trough portion of a respective one of said driving helical arns
and with said channel. 28. The dredge cutterhead of claim 1l wherein a

plurality of the hel(agal aabhi®,ake rSaigd g Wi pauRehiiey! orAHE.1 29 The
dredge cutterhead of claim1l wherein each of the helical arms is a said
driving helical arnf¥9SglRgeregpnessing. seRe hubdgadc geder dag of claim 1
wherein

(b) each of said helical arms having a leading

edge and a trailing edge, and at least one of

the helical arms being a driving helical arm

having a trough portion located between said

leading and trailing edges; and

(c) each of said driving helical arms having a
degree of curvature near said ring of at least

10%.

32. The dredge cutterhead of claim 31 wherein
said trough portion is substantially free from structures
obstructing movement of material along said driving

helical arm, and wherein said degree of curvature is at

least 15%.

33. The dredge cutterhead of claim 31 wherein
said degree of curvature generally increases over at
least a respective portion of each of said driving
helical arms that is located nearer to said ring than to

said hub.




each of said driving helical arns is capable of supporting a plurality of

cutting teeth. 31. A dredge cutterhead conprising: (a) a hub, a rf d.
plurality of helical arms interconnecting said hub and said ri ngz;rb?ﬁ?-egﬁﬂﬁ

of said helical arnms having a | eading edge and a trailing edge, and at

| east one of the helical arns being a3driving helical arm having a trough
portion | ocated between said I|eading and trailing edges; and (c) each of
said driving helical arns having a degree of curvature near said ring of

at least 10% 32. Fhe duodoeSuerchead o] Ymcilphoreifesaig trough

portion is substantially free fromstructures obstructing noverent of

mat eri al &lolg ofaisd idh idriivg nige lhieddlcadr mrmen thawher eiimisaind adelyreee of
curvatureng§iah I%Q%I 1%W 33. The dredge cutterhead of claim 31 wherein
sai d degr €6 of “Curvar are JererdAy 5&c SNSETE £21d JEE ™ espect i ve

portion ofceael of Sairtradfire N¢ 1kRlited rbFert ) dasd eGaipdgarer to
said ring . than to said hub. 2 6 JUL 2005 23 34. The dredge cutterhead of

clai m 31 WieFéiA MERARUBY degir@ed Oifvichgviaélir€al arms has a ni ni mum and a
maxi mum degree of curvature, and wherein said maxi rum degree of curvature
is located nearer to said ring than is said mninumdegree of curvature.
35. The dredge cuttésheadhef deledigm 3htnkeheiad ofaicd atinizAumidegriee of
curvature is near .said _hub and_ said nmaxi num degree qof curvature is near

sai d ringS338. ™R dGITEG Ofr FEETAEHEE APnPSRTWREAE fub and

gaid maximum degree of curvature is near said ring.

36. The dredge cutterhead of claim 31 wherein
said degree of curvature at a location near said ring is
at least 1.5 times as great as said degree of curvature

at another location near said hub.

37. The dredge cutterhead of claim 31 wherein
each of said driving helical arms is wider near said ring

than near said hub.

38. The dredge cutterhead of claim 31 wherein
sald leading edge has a helix angle of at least 140° near

said ring.

39. The dredge cutterhead of c¢laim 31 wherein

said cutterhead has an agpect ratio of at least 1.7.

40. The dredge cutterhead of ¢laim 31 wherein
said trough portion is thinner than a leading portion of

said driving helical arm.

41. The dredge cutterhead of claim 31 wherein

said ring further defines at least one notch, each of




said degree of curvature at a location near said ring is at |ea t 1J@L chgg
tinmes as great as said degree of curvature at another |ocation Sai
hub. 37. The dredge cutterhead of claim 31 wherein each of said dr|V| ng
helical arnms is wider near said ring than near said hub. 38. The dredge
cutterhead of claim 31 wherein said R2dadi ng edge has a helix angle of at

| east 1400 near said ring. 39. The dredge cutterhead of claim 31 wherein
said cutterhead has an aspect ratio of at least 1.7. 40. The dredge

cut t er heagald GlAidRekl AR Bl itaSidlf JiaHgh R géc%hx}es fﬁ&%ﬂ than a
re

| eadi ng portion of said driving hélical arm cutterhead of
claim31 Weardiom. said ring further defines at |east one notch, each of 2 8
JUL 2005 24 said notches communicating with a respective trough portion.
42. The dredge cutterhead of claim 31 wherein said trailing edge curves

inwardly into the interi ahedfdresried cutitleahead o431 a0 Fr adps-Luf t er head

of claim31l wherein said ring defines a channel extending annularly al ong
an inter |so?‘r:‘-doftr§&llén|9 FY I FUEYEh g reelly ilmker dHe dmtsaiidbr ifg toward a
rotationalg a4 S Qs cutterhead. 44. The dredge cutterhead of claim31
wherein a plurality of the helical arns are said driving helical arns.
45. The dredge cutterhead of claim 31 wherein each of the helical arns is
a said driving helical ar 6. dr edge cutterhead conprising: (a) a hub,
a ring and a plural ity Og%%éar e cutterhead of claim 31 wherein

said ring defines a channel extending annularly along an

interior of said ring and facing openly inward from said

ring toward a rotational axis of said cutterhead.

44. The dredge cutterhead of claim 31 wherein
a plurality of the helical arms are said driving helical

arms.

45. The dredge cutterhead of claim 31 wherein

each of the helical arms is a said driving helical arm.
46. A dredge cutterhead comprising:

(a} a hub, a ring and a plurality of helical
arms interconnecting said hub and said ring;

and

(b) a channel defined by said ring and
extending annularly along an interior of said
ring and facing openly inward from said ring
toward a rotational axis of gaid cutterhead for

retaining loosened material.



arnms interconnecting said hub and said ring; and (b) a channel defined b
said ring and extending annularly along an interior of said r¥qp‘wmgzﬂg
facing openly inward fromsaid ring toward a rotational axis of said
cutterhead for retaining |oosened material. 2 8 JUL 2005 25 47. The dredge
cutterhead of claim46 wherein said @fBannel has a cross-section in the
shape of a half- pipe. 48. The dredge cutterhead of claim46 wherein at

| east one of said helical arns has a trough portion extending there along

toward said ring. 497 Theuy eeaiqithaidigat Lf & aimkd Mhenpisisai d ring
defines a notch in communication with said trough portion of a respective
one of saifdifelcheamedr fss andumigsh ssaitd cshdmdlhe Shapkhe freedgel f-ut t er head
of clain1%§_%perein each of said helical arns is capable of supporting a
plurality of cutting teeth. 51. The dredge cutterhead of claim 46 wherein
at least one of the helical arnms is a driving helical arm having a |eading

edge and a trailing edge, and a trough portion between the |eading and
trailing edges. 52. 4Phe dfedgEedge stésghsrciof MIFEMWE ethereimiural ity

of the NekiCaladhMordl &5 8ol e/ NelhEAla AL, rgdge
cutterhead of ol aimb51 wherein each o%’t ehﬁEIﬁbaIth h H¥§€}é§ﬂcIdriving
hel i cal aemteBdinghéheredgs ongt temaedd sefidclrdinm.46 wherein each of said
helical arms is' capable of supporting a plurality of cutting teeth.
49. The dredge cutterhead of claim 48 wherein
said ring defines a notch in communication with said

trough portion of a respective one of said helical arms

and with said channel.

50. The dredge cutterhead of claim 46 wherein
each of said helical arms is capable of supporting a

plurality of cutting teeth.

51. The dredge cutterhead of claim 46 wherein
at least one of the helical arms is a driving helical arm
having a leading edge and a trailing edge, and a trough

portion between the leading and trailing edges.

52. The dredge cutterhead of claim 51 wherein
a plurality of the helical arms are said driving helical

arms.

53. The dredge cutterhead of claim 51 wherein

each of the helical arms is a said driving helical arm.

54. The dredge cutterhead of claim 46 wherein
each of said helical arms is capable of supporting a

plurality of cutting teeth.




