1 {DESCRIPTION} {Title of Invention) UNDERWATER M NER CUTTER HEAD,
UNDERWATER M NER, AND UNDERWATER M NI NG SYSTEM {Techni cal Fi el d} {0001}

The present invention relates to, for exanple, an underwater mner cutter
head for excavating seabed m neral deposits and attached to the tip of a
boom of a miner (mning machine) that i3 a component of an underwater

m ning systemfor mning seabed m neral deposits. {Background Art} {0002}
For exanpl&:5@n {ifhined unt et her ed underwat er excavator disclosed in PTL 1
is a known excavator (mner: mning nachine) for excavating the seafl oor.
{Citationiitsttd of Invention}

UNDERWATER MINER CUTTER HEAD, UNDERWATER MINER, AND UNDERWATER
MINING SYSTEM

{Technical Field}

{0001}

The present invention relates to, for example, an
underwater miner cuiter head for excavating seabed mineral
deposits and attached to the tip of a boom of a miner {(mining
machine) that is a component of an underwater mining system
for mining seabed mineral deposits.

{Background Art}
{0002}

For example, an unmanned untethered underwater excavator
disclosed in PTL 1 is a known excavator (miner: mining
machine) for excavating the seaflcor.

{Citation List}

{Patent Literature}

{0003}

{PTL 1} Japanese Unexamined Patent Application, Publication
No. HEI-10-212734

{Summary of Inventicn}

{Technical Problem}

{0004}

However, a cutter head disposed at the tip of a ladder



{Patent Literature} {0003} {PTL 1}Japanese Unexam ned Patent Application,
Publ i cati on No. HEI-10-212734 {Sunmary of Invention} {Technical Problen
{0004} However, a cutter head disposed at the tip of a |ladder 2 (boom 14
of an unmanned unt et hered underwat er excavator 10 disclosed in PTL 1 is a
doubl e drumcutter 11, and excavated nuék rolls downward off of it (onto
the seafloor). Thus, the invention disclosed in PTL 1 requires an

under wat eroqaitkilfg afachi nergoEsaturde hestest thelcay@aeat edanyek arhat’ has
fallen onto the seafloor and thus is unsuitable for (incapable of) mning
seabed mdiera@lodeposi tBEL 1 is a double drum cutter 11, and excavated

muck rolls downward off of it (onto the seafloor). Thus, the
invention disclosed in PTL 1 requires an underwater mucking
machine 30 that collects the excavated muck that has fallen
onto the seafloor and thus is unsuitable for {incapable of)
mining seabed mineral deposits.

{0005}

In the double drum cutter 11, an excavation reaction
force is cancelled out in one direction {(horizontal direction)
but remains in the other direction (vertical direction). The
reaction force in the other direction acts upon the excavator
as a force causing the sexcavator to move; thus, an excavator
including the double drum cutter 11 must have a large crawler
and outrigger that support the reaction force in the other
direction, causing a problem of an increase in size of the
excavator itself.

{0006}

The double drum cutter 11 also has a problem in that an
unexcavated region remains between one drum cutter and the
other drum cutter, resulting in unsatisfactory excavation
efficiency.

{0007}
The present invention has been conceived in light of the

above~described circumstances, and an object therecf is to



10005} In the double drumcutter 11, an excavation reaction force is
cancel led out in one direction (horizontal direction) but remains in the

ot her direction (vertical direction). The reaction force in the other
direction acts upon the excavator as a force causing the excavator to nove;
t hus, an excavator including the double3drumcutter 11 nust have a |arge
craw er and outrigger that support the reaction force in the other

directi omraasi g arptesbladmroftiae s nortdase lapdkitZa ofcarhe agEay ator

itself. {0006} The double drumcutter 11 also has a problemin that
an unexcavat ed:a@egioon ffeenasnsirbethwe e mineordraiimagud - tverr tand: 1t ke, retdiererdy um
cutter, resulting in unsatisfactory excavation efficiency. {0007) The

present iqyendd:@vdhashdesnconceived dinildght. of the above-descri bed
ci rcunst ances, and an object thereof is to 3 provide an underwater m ner

cutter head,that,can, cangal.,0ut the reaction forces in the horizontal and
vertical directions to inprove the excavation efficiency. {Solution to

Problen}{%gﬁﬁﬁg

The present invention employs the following solutions to
solve the above-described problems.

An underwater miner cutter head according to the present
invention is attached to an underwater miner disposed on a
seabed and is configured to excavate the seabed, the cutter
head including cylindrical cutter drums disposed con respective
sides defining a regular polygon in plan view, having bits
disposed on the outer circumferential surfaces thereof, and
configured to rotate arcund corresponding first rotational
axes by first driving sources; and an intake disposed at a
center part of the regular polygon and configured to receive
muck excavated with the bits, wherein the rotating directions
of the cutter drums are set such that the bits sequentially
move toward the intake.

{0009}

In the underwater miner cutter head according to the
present invention, the muck excavated with the bits is
sequentially transported to the intake and collected; thus, a
device such as an underwater mucking machine that collects the

excavated muck that has fallen to the seafloor is not



The present invention enploys the follow ng solutions to solve the

above- descri bed probl ens. An underwater mner cutter head according
to the present invention is attached to an underwater m ner disposed on a
seabed and is configured to excavate the seabed, the cutter head including
cylindrical cutter drums disposed on redpective sides defining a regul ar

pol ygon in plan view, having bits disposed on the outer circunferential
sur f aces 4%#+esfd- and configured to rotate around corresponding first
rotational axes by first driving sources; and an intake disposed at a
center part ofSirhe: rdgularttpol yyom s« onfdgurset dro thec e e amuskf iexicav at ed
with the bits, wherein the rotating directions of the cutter druns are set
such thata theyhiid:s sequent | @ lg. movead:onwarich tdiead ntiakg. {{00%action In the
underwat er m ner cutter head according to the present invention, the nuck
excavat ede g ddy the dHid $:d.5 feauantd 4l lye transpofied-d:0,1he it ake-and g
col l ected; thus, a device such as an underwater nucki ng machi ne that
collects the excavated nuck that has fallen to the seafloor is not 4

required. ) Since the cutter druns are di sposed on the sides defining
a regula%(ﬁﬁkygon (e.g., square) in plan view, the reaction forces in the
hori zont al 4 vertical directions are cancelled out. (0010} Wth the

underwat er mner cutter head, it is nore preferable that the cutter druns
be attached vi'&&d dit® ePFIART dtficanfdt & 91 dted i Kt M base rot at ed
by a second driving source around a second rotational axis passing through
t he cent erradferzmirleguitart goleygorttier phovider: {0GIdted via a cutter

support arm, and a plate-like turning base rotated by a second
driving source around a second rotational axis passing through
the center of a regular polygon is provided.

{0011}

With such an underwater miner cutter head, since the
cutter drums rotate together with the turning base around the
second rotational axis passing through the center of a regular
polygon, unexcavated areas remaining between adiacent cutter
drums are eliminated, improving the excavation efficiency.
{co1z}

It is more preferable that the underwater miner cutter
head include a third driving scurce configured to slide the
turning kase in a direction orthogonal to the second
rotational axis.

{0013}
With such an underwater miner cutter head, since the

cutter drums slide together with the turning base in a



Wth such an underwater m ner cutter head, since the cutter druns rotate
together with the turning base around the second rotational axis passing

t hrough the center of a regular polygon, unexcavated areas renaining

bet ween adj acent cutter druns are elimnated, inproving the excavation
efficiency. (0012} It is nore prefeerabl e that the underwater m ner
cutter head include a third driving source configured to slide the turning
base i n a@idig@EcitdroreOritdywygenalta ¢ hchessserohd atetidtdronalazad,s. {0013}

Wth such an underwater mner cutter head, since the cutter druns slide

t oget her wmd:cd-hecddurandang hase imra e wdideactdgo orichegoanar tdonmtdre ssecond
rotational axis, unexcavated areas remai ning between opposing cutter druns

are el i mdated b helr dar avigie 1ihgy extavatd fmefd] denese(80141
The underwater m ner according to the present invention includes one of the
above-de%gﬂhpﬁd underwat er m ner cutter heads. {0015)

The underwater miner according to the present invention
includes one of the above-described underwater miner cutter
heads.

{0015}

With such an underwater miner acccerding to the present
invention, since the reaction forces in the horizeontal and
vertical directions generated during excavation are cancelled
out, an increase 1n size of the crawler and cutrigger can be
aveided, and thus, an increase in size of the underwater miner
itself can be avoided.

{0016}

The underwater mining system according to the present
invention includes the above-described underwater miner.
{0017}

With the underwater mining system according to the
present invention, a device such as an underwater mucking
machine that collects the excavated muck that has fallen to
the seafloor is not required, achieving a decrease in size of
the underwater miner itself. Thus, the entire underwater
mining system can be simplified, and the manufacturing cost

can be reduced.



Wth such an underwater m ner according to the present invention, since the
reaction forces in the horizontal and vertical directions generated during
excavation are cancelled out, an increase in size of the crawl er and
outrigger can be avoided, and thus, an increase in size of the underwater

m ner itself can be avoided. {0016) & The underwater mning system
according to the present invention includes the above-descri bed underwat er
m ner. (O@KMantagecuy tE fetpd suriderletestt imimli ng system according to the
present invention, a device such as an underwater rnucki ng machi ne that
col l ects ftiel&xcavat ed nuck that has fallen to the seafloor is not

requi red, achieving a decrease in size of the underwater mner itself.

Thus, the entimg upgerwRiter MiHag anstemican beeimlid ited trangthent
manuf acturi ng cost can be reduced. 6 {Advantageous Effects of I|nvention}

{0018} ; nyenkh® Lndervaiel JONRIs GYf t8lahead aceordifig 40 dhe pr esent

i nvention Is advantageous 1 n that the reaction forces Iin the horizontal and

vertical directions can be cancell.ed quly, J Irovng Lhe exepvatd on
efficiency. ﬁ%ﬂlé% f%scrlptlon 0 :fgamnngs

improving the excavation efficiency.

{Brief Description ¢f Drawings}

{0019}

{Fig. 1}

Fig. 1 is a perspective bottom view of an underwater
miner cutter head according tc an embodiment of the present
invention.

{Fig. 2}

Fig. 2 is a sectional side view of the underwater miner
cutter head according to an embodiment of the present
invention.

{Fig. 3}

Fig. 3 is a bottom plan view of the underwater miner
cutter head according to an embodiment of the present
invention.

{Fig. 4}

Fig. 4 is a conceptual configuration diagram illustrating
a specific example of an underwater mining system including,
as a component, an underwater miner having an underwater miner

cutter head acccerding to an embodiment ©f the present



{0019} {Fig. 11 Fig. 1 is a perspective bottomview of an underwater
m ner cutter head according to an enbodi nent of the present invention.
{Fig. 2} Fig. 2 is a sectional side view of the underwater m ner
cutter head according to an enbodi nent of the present invention. {Fig. 3}
Fig. 3 is a bottomplan view of the underwater miner cutter head according
to an enbodi nent of the present invention. {Fig. 4} Fig. 4is a
concept ualnewnfigurati on diagramillustrating a specific exanple of an
underwat er m ning systemincluding, as a conponent, an underwater n ner
havi ng ani Rederiyat ern mhamoutiremteead according to an enbodi nent of the
present invention.

{0020}

An underwater miner cutter head according to an
embodiment of the present invention will now be described with
reference to Figs. 1 to 4. Fig. 1 is a perspective kottom
view of the underwater miner cutter head according to this
embodiment. Fig. 2 is a sectional side view of the underwater
miner cutter head according to this embodiment. Fig. 3 is a
bottom plan view of the underwater miner cutter head according
to this embodiment. Fig. 4 is a conceptual configuration
diagram i1llustrating a specific example of an underwater
mining system including, as a component, an underwater miner
having an underwater miner cutter head according to this
embodiment.

{0021}

An underwater miner cutter head (hereinafter, simply
referred to as "cutter head") 20 according to this embodiment
is attached to, for example, the tip of a bcom 3 0of an
underwater miner {(underwater mining machine) 2, which is a
compenent of an underwater mining system 1 for mining a seabed
mineral deposit G, such as that illustrated in Fig. 4, and is
used for excavating the seabed mineral deposit G.

The underwater mining system 1 includes the underwater

miner (hereinafter, simply referred to as "miner") 2, a



{Description of Enbodinents} {0020} An underwater mner cutter head
according to an enbodi nent of the present invention will now be described
with reference to Figs. 1 to 4. Fig. 1 is a perspective bottomview of the
underwat er mner cutter head according to this enbodinment. Fig. 2 is a
sectional side view of the underwater ni¥ner cutter head according to this
enbodinent. Fig. 3 is a bottomplan view of the underwater mner cutter
head accoriditig:a ¢lehice énbadidrentirfing bl rsiddndept ual configurati on
diagramillustrating a specific exanple of an underwater mning system

i ncludi ng, as Theconpenert iran wkderavatuartem nerachadd,ng avamder watrerv imicner
cutter head according to this enbodi nent. {0021} An underwat er m ner
cutter head ihereimafiter a sidmiled efergad- 10 @syg cyt tera head'sxi20 caccor di ng
to this enbodinment is attached to, for exanple, the tip of a boom 3 of an

under vat &, Mgl (idey wat-ge BLALRY ARGRI-AG) 2pcWhkCchR LScavaerBonentHaf an
underwater mning systeml1l for mning a seabed m neral deposit G “such as

that illustrated in HQ. 4, j s used,for t] e i neral
deposi t éﬁ;&%r %eﬁr%ie éu[gl e V\S/é)t%re}%dm'slﬁ]:{r? s dcshyestselw %’C“I‘{,‘]% e%s thh%%%ld grh\r/\%at er

m ner (hereinafter, simply referred to as "mner") 2, a 8 lifti devi ce
4 and a THH RS MOEErS R S 0er Wi thrRs G 21 LdeE T thead 20,
a boom 3, a noving device 6 having a crawler, a slurry punp 7, and a

f1 exi bl e FW#EDN 45 ife &g e heé s saped i Herd I epasi e 1§ ey ated byt heé
cutter head 20 is sucked into the slurry punp 7 through the suction pipe 8
t oget her degdrideahdtsdrovand is pneumatically punped (delivered) as slurry
through a slurry hose 9, which is described bel ow. The suction pipe 8
i s disposed i Mgidesddia o and 4 il g gedaidys iofe the: mMower 2;argherend
thereof is connected to suction port of the cutter head 20 descri bed bel ow,
and the ether e, icy GORNeGHRd- t0 & RGO ROFd0fi 4 hesrslditan pwm 7.

{0022)

suction port of the cutter head 20 described below, and the
other end is connected to a suction port of the slurry pump 7.
{0022}

The lifting device 4 includes the flexible slurry hose &,
an underwater pump unit (subsea pump unit) 10 including a
high-pressure underwater pump (not shown), and a lifting pipe
11. The slurry lifted to the underwater pump unit 10 through
the slurry pump 7 and the slurry hose 9 is pneumatically
punmped (delivered) through the 1ifting pipe 11 by the high-
pressure underwater pump constituting the underwater pump unit
10.
{0023}

The mining mothership 5 holds a slurry processing system

{not shown); the slurry lifted to the mining mothership 5

through the underwater pump unit 10 and the lifting pipe 11 is



The lifting device 4 includes the flexible slurry hose 9, an underwater
punp unit (subsea punp unit) 10 including a high-pressure underwater punp
(not shown), and a lifting pipe 11. The slurry lifted to the underwater
punp unit 10 through the slurry punp 7 and the slurry hose 9 is
pneunatical |y punped (delivered) througf the lifting pipe 11 by the

hi gh- pressure underwater punp constituting the underwater punp unit 10.
{0023) seprarfifechinyi Adenvtiiershiny B ai6lids) & YSIU@ - Do eSS 575 2$yst em ( not
shown); the slurry lifted to the mning nothership 5 through the underwater
punp uni ik raEnd ddpe ditf U mgopivpeyalit dcs mad tepar dhed, byheheesbearry
processing systeminto the seabed mneral deposit G and unwanted matter.
Then, theniseahad demerial deposidl 1Gdis:Laldeatted wandirithel uwwarded statter is
di scarded into the ocean. 10024} As shown in at |east one of Figs. 1

to 3, thecdel-ead LQHncludes four cutter druns 21, a turning base 22,
a hydraulic (rotary) swvel 23, hydraulic notors 24 for the correspondi ng

cutter dr{quzfq(}fi rst driving sources), and hydraulic notors (second driving
sources) 2 or a (first) turning base. The cutter drums 21 are

cylindrical nbers that are nade to spi roun orrespondi ng .(first

rot ati onal a;rg? CoETer Taxdds L 5e iy Fife rE? o(rji\diqcr?g %y%ﬁ‘%ﬁ%ﬁt &eéi)dz4
for the cutter drunms. A plurality of (twelve in this enbodinent) bits 26
are spira4 v isrisifged oW (e tGUt ST cUnf & RN HFSEc e ‘of Fach cutter
drum 21. The cutter druns 21 are di sposed such that the rotational axes C

t her eof arvelysosiitd dived agy Isisdas edefd i dy dr 3yuar exdteys sl vicew tdid are
attached to the turning base 22 via cutter support arms 27. The bits 26 are
di sposed can rastpem dinge unftareentdraimss urffiaces cofivihey cuttreredr,umsnd®1 f aci ng
each other in line symmetry such that the spiral (alignnent) directions of
the bits 26ang iePRRSId®, (sc®ondulhdhaf dhe-dddae-zyrmmt rd cadilws@ar ranged

bits 26 are presented sequentially as the cutter drunms 21 that face each
other inglQing base.

The cutter drums 21 are cylindrical members that are made
to spin around corresponding (first) rotational axes (center
axes) C by the corresponding hydraulic motors 24 for the
cutter drums. A plurality of {twelve in this embodiment) bits
2% are spirally arranged on the outer circumferential surface
of each cutter drum 21. The cutter drums 21 are disposed such
that the rotaticnal axes C thereof are positiconed on sides
defining a square in plan view and are attached to the turning
base 22 via cutter support arms 27. The bits 26 are disposed
on outer circumferential surfaces of the cutter drums 21
facing each other in line symmetry such that the spiral
(alignment) directions of the bits 26 are opposite, i.e., such

that the line-symmetrically arranged bits 26 are presented

sequentially as the cutter drums 21 that face each other in



line symretry (di sposed on opposing sides) rotate. {0025) A di schar ge
pi pe 29 having an intake 28 at one end (lower end in Fig. 2) passes through
the center part of the turning base 22; and a large (flat) gear 32 engaged
with small (flat) gears 31, which are secured to rotary shafts 30 of the
hydraulic nmotors 25 for the turning baséy is disposed on the center part.
The large gear 32 is secured to the upper surface of the turning base 22
such t hatl e syumwe gy babies @B aahd it heenearigey gelate 82 ragtadtee (revol ve) around
t he di scharge pipe 29. {0026} The hydraulic sw vel 23 includes a
fixed porid@b23a and a rotating portion 23b. The fixed portion 23a is
secured to the discharge pipe 29 with a frane (support nenber), which is
not shown, and tdiesdrotald NoiROrdd am23hy i seciied 19 dthedargel geaived?
with a pipe frane 33. The rotating portion 23b of the hydraulic sw vel 23

and the pipe f.f amg, 33 can Jotatg (deyplMe) anound the dischar ge, ping 29

together wth the turning base 22 and the | arge gear 32. {0027} The
hydr aul i t . or the cutter dr ul i ¢, .not t h tate
(spin) t(t%}earggeu%%’r 25ﬁfe({a S ]2% {'Bro{ﬁnlc?tt)h Tt gifo%%%ﬁes ys%a:lllng lyar faul i c

fluid supplied fromthe mner 2 through the hydraulic sw vel 23. The

hydr aul i &2 motor lﬁ% 307 tHE RS er° drUrfst r%ﬁl%'ictc%rﬁﬂ)défetd“?n t he
correspondi ng cutter heads 20. The rotating directions of the hydraulic

not ors 24 ¥Er2HHeE dREErs driuns artd s dtu Sudhe thate ¢ hies sEaliP & ridt at'®eposi t
G excavated with the bits 26 flows to the intake 28, i.e., such that the
bits 26 disposedartthe outer circunferential surfaces of the cutter druns
21 sequentially nove toward the intake 28. In other words, the rotating
directions of THhe hytfaauwdar Mot ars sHedoid the o hetpalr Wer fr@: set gueh
that the line-symmetrically arranged bits 26, as viewed from bel ow,

sequent i alyph iy ed40mMa he QUtgla 181 de: tithend Mede sSidey@s dihe citder druns
21 di sposed on opposing sides rotate.
gear 32 rotate (revolve) around the discharge pipe 29.
{0026}
The hydraulic swivel 23 includes a fixed portion 23a and
a rotating portion 23b. The fixed portion 23a is secured to
the discharge pipe 29 with a frame (support member}, which is
not shown, and the rotating portion 23b is secured to the
large gear 32 with a pipe frame 33. The rotating portion 23b
of the hydraulic swivel 23 and the pipe frame 33 can rotate
{(revolve) around the discharge pipe 29 together with the
turning base 22 and the large gear 32.
{0027}
The hydraulic mctors 24 for the cutter drums are
hydraulic motors that rotate {spin} the cutter heads 20 around

the rcotational axes C by using hydraulic fluid supplied from

the miner 2 through the hydraulic swivel Z3. The hydraulic



{00281 The hydraulic nmotors 25 for the turning base are hydraulic
notors that rotate (revolve) the turning base 22 around a center axis
(longi tudi nal axis: second rotational axis) of the discharge pipe 29 with
the hydraulic fluid supplied fromthe mner 2 through the hydraulic sw vel
23. The hydraulic notors 25 for the turhing base are vertically di sposed on
the upper surface of the turning base 22 (in this enbodinent, tw hydraulic
nmot or s 25ncirer dishosed Wre the uppelr s face ofcatredalrat ngy base 22 so as to
face each other). The small gears 31 engaged with the above-described | arge
gear 32 arerisegivretirio ddredotraraashaft s136 ebtihe nhydriavkidconet ofstBe for
the turning base. The small gears 31 rotating in one 12 direction (the
directi omjdidiCiatedndih s thy cdo sl ArdQw idvfid.a:3) fauseidhe e tefe
druns 21, the cutter support arms 27, the turning base 22, the |arge gear
32, the Rldg.dd afe, Al g dde rotatlng, aartian, 236, of; Lhe dudiau 1, swi vel

23 to rotate 1 n the one direction. gears 31 rotating 1 n the other

di rection .cause the tter druns..2 the .cutter port ar 27, .t he

turni ng Bta%ee ]i%a]ien ‘aryge 'geasru(%??t}}%teetﬂi@peb ert?%%éjégl,Spaonsae & it i ng
portion 23b of the hydraulic swivel 23 to rotate in the other direction.
The hydr &5 ot o8 237 707+ & e Wik Sy Pase ar@ Setur@d™io 1'he
above-descri bed frane (support menber) and do not rotate (revolve) in the
sane manrErdus tipel Il sk geov pse B antakfe 49 xed Nperhiesn W2Zdsef thke
hydraulic sw vel 23. {0029} Wth the cutter head 20 according to this
enbodi nentgtatuicky ekicaaatiethaMdh tthee rd:s= 26 ¢ snseguentd aldy thraanspdrdred to
the intake 28 and is collected. Accordingly, it is possible to provide an

under wat efruiidg: Syst eadhathAoas 10t AL i B DeVi O St @s] aits
underwat er mucki ng machi ne that collects the excavated nmuck that has fallen

to the seafl Qo .viowed SIAEBING CUdBleMrum 2ndfe Migposed Qndhe sides
defining a square in plan view, the reaction foorces in the horizontal and

verti cal sq.ic{ ecct%]%fe ar & sanceld gags e cy rTélﬁlrféjtélerdidarﬁ{#?ecﬁjor{ otate,

t oget her "W * tThe turni ng base ) aroundttt%e center ‘axis ‘of the discharge
pipe 29 opposing sides rotate.

{0028}

The hydraulic motors 25 for the turning base are
hydraulic motors that rotate (revolve) the turning base 22
around a center axis {longitudinal axis: second rotational
axis) of the discharge pipe 2% with the hydraulic fluid
supplied from the miner 2 through the hydraulic swivel 23.

The hydraulic motors 25 for the turning base are vertically

disposed on the upper surface of the turning base 22 (in this
embodiment, two hydraulic motors 25 are disposed on the upper
surface of the turning base 22 so as to face each other). The
small gears 31 engaged with the above-described large gear 32

are secured to the rotary shafts 30 of the hydraulic motors 25

for the turning base. The small gears 31 rotating in one



13 (second rotational axis passing through the center of a regular

pol ygon). Thus, unexcavated areas between adjacent cutter druns 21 can be
el im nated, inproving the excavation efficiency. {00301 The present
invention is not limted to the enbodi ment descri bed above, and vari ous
nmodi fi cati ons may be nmade without departZng fromthe scope of the

i nventi on. For exanple, a hydraulic nmotor (third driving source) for
a (secondiinagtiiony Gdse disrgutefar abldi daiddided a o islddealbial tanutivng rbase 22
in a direction orthogonal to the center axis of the discharge pipe 29.

I n such aigut ter dweeads thiwe cutter dnuns 21, cdre studesr togeider amntsh 2he
turning base 22, in a direction orthogonal to the center axis of the

di schar ge:ypi peidS.ngliisse unexcawatied @ eas: beiveemORPgsd NG Gu txy, dis 21
can be elimnated, further inproving the excavation efficiency. {0031)

{ Ref er encg, 51,gN$, Lirgf b deindergt ers Myl ng, syshem aiunder wal er) fJdkle
20(underwater mner)” cutter head
in the one direction. The small gears 31 rotating in the
other direction cause the cutter drums 21, the cutter support
arms 27, the turning base 22, the large gear 32, the pipe
frame 33, and the rotating portion 23b of the hydraulic swivel
23 te rotate in the other direction.

The hydraulic motors 25 for the turning base are secured
to the above-described frame (support member) and do not
rotate (revolve) in the same manner as the discharge pipe 29
and the fixed portion 23a of the hydraulic swivel 23.

{00259}

With the cutter head 20 according to this embodiment,
muck excavated with the bits 26 is seguentially transported to
the intake 28 and is collected. Accordingly, it is possible
to provide an underwater mining system that does not require a
device such as an underwater mucking machine that ccllects the
excavated muck that has fallen to the seafloor.

Since the cutter drums 21 are disposed on the sides
dgefining a sguare in plan view, the reacticn fcrces in the
herizontal and vertical directions are cancelled ocut.

The cutter drums 21 rotate, together with the turning

base 22, around the center axis of the discharge pipe 29



21 cutter drum 22 turning base 24 hydraulic nmotor (first driving source)
for cutter drum 14 25 hydraulic notor (second driving source) for (first)
turning base 26 bit 27 cutter support arm 28intake C(first) rotational axis

13
(second rotational axis passing through the center of a
regular polygon). Thus, unexcavated areas between adjacent
cutter drums 21 can be eliminated, improving the excavation
efficiency.
{0030}

The present inventicon is not limited to the embodiment
described above, and varicus modificaticns may be made without
departing from the scope of the invention.

For example, a hydraulic mctor (third driving source) for
a (second) turning base is preferably incliuded to slide the
turning base 22 in a directiocn orthogonal to the center axis
of the discharge pipe 29.

In such a cutter head, the cutter drums 21 can slide,
together with the turning base 22, in a direction orthogonal
to the center axis of the discharge pipe 29. Thus,
unéxcavated areas between opposing cutter drums Z1 can be
eliminated, further improving the excavation efficiency.
{0031}

{Reference Signs List}

1 underwater mining system

2 {underwater) miner

20 {underwater miner) cutter head
21 cutter drum

22 turning base

24 hydraulic motor (first driving source) for cutter drum



15 {CLAIM5) {Caim1l) An underwater mner cutter head attached to an
underwat er m ner di sposed on a seabed and configured to excavate the
seabed, the cutter head conpri sing: cylindrical cutter druns di sposed
on respective sides defining a regular polygon in plan view, having bits
provi ded on outer circunferential surfates thereof, and configured to
rotate around corresponding first rotational axes by first driving sources;
and Z2%n hntakeldrsposed aseaceeéntervpagtsofrehe Feyulbkrpbl ygon and
configured to receive nuck excavated with the bits, wherein rotating
di recti onsumofirtchéacut t er druns are set such that the bits sequentially nove
toward the intake. {C aim 2} The underwater m ner cutter head
accordingdo giaim1l, wherein the cutter druns are attached via a cutter
support arm and a plate-like turning base rotated by a second driving
source around.a.gecong. rotatippal axis passing through the center of the
regul ar polygon is provided. {C aim 3}

28 intake

C (first) rotaticnal axis



The underwater m ner cutter head according to Claim2, further conprising:
a third driving source configured to slide the turning 16 base in a
direction orthogonal to the second rotational axis. {C aim4} An underwater
m ner conpri sing: t he underwater mner cutter head according to one
of aims 1 to 3. {Taimb5} An underwat&? mning system conprising: the

underwater m ner according to C aim4.
{CLATIMS}

{Claim 1}

An underwater miner cutter head attached to an underwater
miner disposed on a seabed and configured to excavate the
seabed, the cutter head comprising:

cylindrical cutter drums disposed on respective sides
defining a regular polygen in plan view, having bits provided
on outer circumferential surfaces thereof, and configured to
rotate arcund corresponding first rotational axes by first
driving sources; and

an intake disposed at a center part of the regular
polygon and configured to receive muck excavated with the
bits,

wherein rotating directions of the cutter drums are set
such that the bits sequentially move toward the intake.
{Claim 2}

The underwater miner cutter head according to Claim 1,
wherein the cutter drums are attached via a cutter support
arm, and a plate-like turning base rotated by a second driving
source around a second rotaticnal axis passing through the
center of the regular polygon is provided.

{Claim 3}

The underwater miner cutter head according to Claim 2,

further comprising:

a third driving source configured to slide the turning



16
base in a direction orthogonal to the second rotational axis.
{Claim 4}

An underwater miner comprising:

the underwater miner cutter head according to one of

Claims 1 to 3.
{Claim 5}
An underwater mining system comprising:

the underwater miner according to Claim 4.



