28 Decenber 2006° 1 CUTTER HEAD, TUNNEL EXCAVATI NG MACHI NE, ApebiiisRr 2006
REPLACI NG METHOD BACKGROUND OF THE | NVENTI ON Field of the Invention The
present invention relates to a cutter head nounted on a tunnel boring

machi ne, a shield machine, or a vertical shaft excavating nmachine; a
tunnel excavating machi ne having the cutter head applied thereto; and a
cutter replacing nmethod for replacinglcutter bits nounted on the cutter
head. Description of Related Art A shield excavating machi ne, for exanple,

is conpusettRf HEAY| i MANNBL maohhverhody; MacHiAL | aRal | yudhipyabl e,

di sc-shaped cutter head " rotatably nounted on a front portion of the

machi neRERadyC ImehyE@#diing bits and cutter bits attached to the cutter
head; many shield, jacks nmounted behind the cutter head for advancing the
machi ne body, and an erector nounted behind the cutter head for
assenbling segnents to an internal wall surface of an existing tunnel.

Thus, when the shiel dpi R remded whivieert hencutter head is

rotating, the -nmachi ne body advances under a reaction force arising from
excavation which is generated at 28 Decenber 2006 2

Fiel f the Invention

The present invention relates to a cutter
head mounted on a tunnel boring machine, a shield
machine, or a vertical shaft ekcavating machine; a
tunnel excavating machine having the cutter head
applied thereto; and a cutter feplacing method for

replacing cutter bits mounted on the cutter head.

ri ion of Rel Ar

A shield excavating machine, for example, is
composed of a cylindrical machine body; a
rotationally drivable, disc-shaped cutter head
rotatably mounted on a front portion of the machine
body; many leading bits and cutter bits attached to
the cutter head; many éhield,jacks mounted behind
the cutter head for advancing the machine body, and
an erector mounted behind the cutter head for
aséembiing segments to an internal wall surface of
an existing tunnel. Thus, when the shield jacks
are extended while the cutter head is rotating, the
machine body advances under a reaction force

arising from excavation which is generated at




exi sting segnents. As a result, the leading bits and the CUtheEbFﬁberzoos
‘excavate the ground lying ahead, thereby formng a tunnel. Wth such
tunnel excavation work, the Ileading bits nounted on the cutter head scars
the surface of the ground |lying ahead, facilitating excavation. Then, the
cutter bits excavate the ground which has becone easy to excavate, and the
machi ne body makes an advancing motion. 2f an unexpected obstacle, such as
a sheet pile, an H steel pile, or a reinforced concrete pile, is present
in the grounidi abead dueirys exchvatd ane shila, tunselleddenbeading bits are
unable to grind such an obstacle, and their front ends are damaged.
Ther ef card ttHeecustivhary bpriast eeedsate rigpéageciired L @adigiga Behsi,mount ed
on the cutter head by pile cutting bits, cut and grind the obstacle, such
as thetkemaieye fpitreiog woodupinlesl, . by the pile cutting bits, and
di scharge the broken obstacle to the outside together with earth and sand.
A recent tendend@y tlowandhantinoreelasexicra wdheionengt hkof taud unnel to be
excavated invol ves wear of leading bits and cutter bits nmounted on the
cutter ldedd ar big exvevatt @d ofn tthieet unret e rShresd woeard eagding bits and
cutter bits cause an-inpairnent in ground excavation efficiency,
excavatson fepee abifonshemggto edhdl ¢ enlgt @ hrepd ac € atdiel wekm ikig s. 28 Decenber
2006 '

excavation. Then, the cutter bits excavate the

ground which has become easy to excavate, and the

machine body makes an advancing motion. If an

unexpected obstacle, such as a sheet pile, an H-

steel pile, or a reinforced concrete pile, is

present in the ground ahead during excavation of a

tunnel, the leading bits are unable to grind such

an obstacle, and their front ends are damaged.

Therefore, the customary practice is to replace the

leading bits mounted on the cutter head by pile

cutting bits, cut and grind the obstacle, such as

the concrete pile or wood pile, by the pile cutting

bits, and discharge the broken obstacle to the

outside together with earth and sand.

A recent tendency toward an increase in the

length of a tunnel to be éxcavated involves wear of

leading bits and cutter bits mounted on the cutter

head during excavation of the tunnel. Since worn

leading bits and cutter bits cause an impairment in

ground excavation efficiency, excavation operations

must be halted to replace the worn bits.




3 Conventionally, when leading bits and cutter bits are to b®s peeb 2006
the ground |lying ahead is stabilized by injection of a chemical liquid or
by freezing. Wen excavation progresses to the ground-stabilized point,

t he excavating machine retreats, and nuck is renoved frominside a chanber
of the machine. Then, a worker enters a space |ocated ahead of the cutter
head and within the chanber, and repladks the bits. However, this

repl acenent operation involves the cost of the chemcal |iquid used to

st abi | i ZBonties i ourd. g veh d U cWRPDOGORIICE - 2 FUr ther PRLEy, 5 { he

repl acenent operation is tine-consumng and inpairs work perfornmance.
Moreovergréhéeovpkerembeked,n aheargoowspacey i sychass @ space | ocated
ahead of the cutter head or a space within the chanber. Such restrictive
wor k cormli & bdnisi £ acr dapeing duulr dlen @it t he ket a 1 SUMMARY GO  THIS, | NVENTI ON
The present invention has been acconplished to solve the foregol ng

probl enstrdazabject Bherheexicawent ion isrd @rprs@wd deta Gyid er head, a tunnel
excavating machine, and a cutter replacing nethod, which nake cutter bit

repl acenpmeuogerat abrisl easy Endntyi dk ¢ oeperdws M nlgher £y 1 hesseni ng burden
i nposed on workers, and inproving safety and 28 Decenber 2006

retreats, and muck is removed from inside a chamber

of the machine: Then, a worker enters a space

located ahead of the cutter head and within the

chamber, and replaces the bits.

However, this replacement operation involves
the cost of the chemical liguid used to stabilize
the ground and is thus uneconomical. Furthermore,
the replacement operation is time-consuming and
impairs work performance; Moreover, the worker
‘works in a narrow space, such as a space located
ahead of the cutter head or a space within the

chamber. Such restrictive work conditions increase

a burden on the worker.

SUMMARY QF THE INVENTIOQON

The present invention has been accomplished
to solve the foregoing problems. 2An object of the
invention is to provide a cutter head, a tunnel
excavating machine, and a cutter replacing method,
which make cutter bit replacement operations easy
and quick to perform, thereby lessening burden

imposed on workers, and improving safety and




4 excavation work efficiency. To achieve the above object, a 28 Deteaiitd @006
of the present invention provides a cutter head conprising a rotatably
nount ed rotor, spokes provided radially on the rotor and each having a
plurality of mounting holes provided in a colum, a plurality of cutter
bits nmounted novably to the nounting holes of the spoke and w t hdrawably
into the spoke, fixing neans for fixingthe cutter bits at positions at
which front ends of the cutter bits protrude outward fromthe spoke, and

gate neanschefat Lbasivigr khe Mbuet eng hol e when the cutter bit is
wi t hdrawn. According to this configuration, the worker perforns an

operation for repbacidigithe ctitentlide abpesear JpoFilon %ané‘@tsmke-
This obviates the need to inject a chemical liquid for stabiflizing the

ground loyi nghaheade sshot t ens dihiei operatd B dldde; «and 4 £dyces the operating
cost. Mreover, the worker need not go out of the machine into a space,

such ascampades ahgad afothe 2l yenchaadear rthin Sgscp]b@ er. The burden
on the worker decreases, safety can be inproved, and the excavation

ef fici epaycancie raidsedl 1 puimgt heplracesentaef <hbe GUi§ R bit, noreover,
i ncursion of muddy water, etc. fromthe nounting hole can ge i nhi bi ted by
the gapdueads tfhod, naeatsiron Bb iHdYrwatiiedetie. 2 column, a
plurality of cutter bits mounted movably to the
mounting holes of the spoke and withdrawably into
the spoke, fixing means for fixing the cutter bits
at positions at which front ends of the cutter bits
protrude.outward from the spoke, and gate means for
lclosing the mounting hole when the cutter bit is
rwithdrawn.

According to this configuration, the worker
performs an operation for replacing the cutter bit
at a rear portion of the spoke. This obviates the
need to inject a chemical liquid for stabilizing
the ground lying ahead, shortens the operating time,
and reduces the operating cost. Moreover, the
worker need not go out of the machine into a space,
such as a space ahead of the cutter head 6r within
a chamber. The burden on the worker decreases,
safety can be improved, and the excavation
efficiency can be raised. During replacement of
the cutter bit, moreover, incursion of nuddy water,

etc. from the mounting hole can be inhibited by the

gate means. Thus, incursion of muddy water, etc.




28 Decenber 2006 5 into the spoke can be prevented reliably,28Ddckiber 2006

safety of operation can be fully ensured. In this case, the cutter bits may
be leading bits protruding forward froma front surface portion of the
spoke. These bits should desirably be applied when replacing worn | eadi ng
bits wwth new ones, or when replacing the leading bits by pile cutting
bits which can cut or grind an obstacl & such as a concrete pile or a wood
pile. The above-nentioned fixing neans may be a fastening bolt for fixing
a fl ange poot itdre f erpvelde cana beap rend: poeti ae P abhe, cuihar hid to the

spoke. To the flange portion, a pull-out bolt may be screwed, the puII-oUt
bolt beiswfebtvated dwéengtiloooseanngeoffhbe f astieni-ag bolt to have a front
end thereof pressed against the spoke, thereby wthdrawing the cutter bit
fromthe mountingnhdilels Theref okbe fasterimd g keOsEPENG QREI AL Ons for
the cutter bit are facilitated, and the withdrawal of the cutter bit
becones bdasy. prhet abolies gre fviroredd gdre mmeans mayt beuarav@bve plate which
has a through-hole in alignment with the mounting hole and allow ng
passagepofrthen cuft érhdi §podied. whilchs ewttent she heui 1 @r dRidi # $bwiyt hdr awn
fromthe nounting hole, noves while retaining the cutter bit, thereby
cl osi nghttheapplied when replacing worn leading bits with

new ones, or when replacing the leading bits by

pile cutting bits which can cut or grind an

obstacle such as a concrete pile or a wood pile.

The above-mentioned fixing means may be a

fastening bolt for fixing a flange portion formed

in a rear end portion of the cutter bit to the

spoke. To the flange portion, a pull-out bolt may

be screwed, the pull-out bolt being rotated during

loosening of the fastening bolt to have a front end

thereof pressed against the spoke, thereby

withdrawing the cutter bit from the mounting hole.

‘Therefore, fastening and loosening operations for

the cutter bit are facilitated, and the withdrawal

of the cutter bit becomes eaéy.

The above-mentioned gate means may be a

valve plate which has a through-hole in alignment

with the mounting hole and allowing passage of the

cutter bit, and which, when the cutter bit is

withdrawn from the mounting hole, moves while

retaining the cutter bit, thereby‘closing the

mounting hole. Thus, a gate need not be provided



nmounting hole. Thus, a gate need not be provided 28 Decenber %)Q@ceﬁlberZOOG
separately, so that the structure can be sinplified, and the sites of
sealing are decreased in nunber, thus inproving the sealability. A
plurality of the valve plates may be rotatably supported on a back side of
t he spoke. According to this arrangenent, the cutter bits can be replaced
per block. If one of the cutter bits t@iches an obstacle present in the
ground lying ahead, thus bends, and becones unw t hdrawable from the -

mount i ng ek ea toml y , t heo af hedt ech bl etk i St ukRr epd acgableinbenge, . @ decrease
in the excavation efficiency, or inpossibility of excavation, due to the

i rrepl aseabi thtey ®i trenyo f eadiangi bt are:amebeeﬁ@éiemhe%ufm@% reliability
can be increased. A plurality of through-holes nay be provided parallel in
t he val ¢y atiep aod imposhei egreabapiin i vt | ocating the valve plate at a
predeterm ned position may be provided. Thus, a reaction force responsive
to excavation that pé,oxlsabmttyhe:)ﬁuther vebltredlylan’gegnr[@@aly@tl on operation
can be accepted reliably. The positioning pin may be noved rearward to
pr ot r udep temtdatbhey pesipi@ntrg pim aapabs psished o si g§Bwayd ReMake the val ve
pl ate turnable. Thus, a turning jig for the valve plate need not be

According to this arrangement, the cutter bits can

be replaced per block. If one of the cutter bits

touches an obstacle present in the ground lying

ahead, thus bends, and becomes unwithdrawable from

the mounting hole, only the affected block is

unreplaceable. Hence, a decrease in the excavation

efficiency, or impossibility of excavation, due to

the irreplaceability of many leading bits, can be

prevented. Thus, reliability can be increased.

A plurality of through~holes may be provided

parallel in the valve plate, and a positioning pin

for locating the wvalve plate at a predetermined

position may be provided. Thus, a reaction force

responsive to excavation that acts on the cutter

bit dﬁring an excavation operation can be accepted

'iéliably.
The positioning pin may be moved reafward to

protrude, and the positioning pin may be pushed

sideways to make the valve plate turnable. Thus, a

turning jig for the wvalve plate need not be

provided separatély, and the valve plate can be

turned easily.



provi ded separately, and the valve plate can be turned easi |28 Dd8ecfitiee P06
2006 7 The valve plate may be supported inside the spoke novably along a
| ongi tudi nal direction of the spoke so that the valve plate can hold the
plurality of cutter bits. Thus, a single novenment of the valve plate

enabl es many cutter bits to be replaced. The replacing operation can be
performed easily and quickly to inprovd and the work efficiency. The

val ve plate may b vabl e by extension and contraction notions of a jack.

nm
Thus, a turning Tg‘@vi‘(:% V& Rt Gamaey phat 8 URarsied benpidei ddwe

separately,. and the,val ve plate can be turned easily to inprove the work
ef fici er?éif/?kﬁ s"é%gﬁa’\ﬁaysp%ﬁ D& 3 heCPiienifoRals &ltesitelon exfavdte ng

machi ne conﬁrising ﬁ %yl'ndricgt nachne body, propelling jacks for
advanci 7§ TRE mehiFHE T bol§, 4 LUEt Brl HerdCast dt¢ balihe dri vabl y mount ed
on a front portion of. the chi ne body, spokes provided radially on the
cutter ﬁgdﬂPQHdL%%cﬁf Hﬁ%?ggralb%EFaliggl r mButithgl Role renitded in a
col um, pégralit of ¢ t%er bits_mounted movably to the nounting hol es
of the SgokbRSnd’ I ¥RdEb@ Py €T3k betndapBkEL T KFng ikeankof e fi xi ng t he

cutter - bitf at cE)osi,vlr'hons at _whi.ch front ends of the cutter
replaced. e replacing operation can be performed

easily and quickly to improve and the work
efficiency.

The valve plate may be méyable by extension
and contraction motions of a jack. Thus, a.turning
device for the valve plate need not be provided
separately, and the wvalve plate‘can be turned
easily to improve the work efficiency.

A second aspect of the invention is a tunnel
éxcavating machine comprising a cylindrical machine
body, propelling jacks fér advancing the machine
body, a cutter head rotationally drivably mounted
on a front portion of the machine body, spokes
provided radially on the cutter head and each

- having a plurality of mdunting holes provided in a
column, a plurality of cutter bits mounted movably
to the mounting holes of the spokerand withdrawably
into the spoke, fixing means for fixing the cutter
bits at positions at which front ends of the cutter
bits protrude cutward from the spoke, and'gate
means for closing the mounting hole when the cutter

bit is withdrawn.



bits protrude outward fromthe spoke, and gate neans for cl @8 Decéimber 2006
nounti ng hole when the cutter bit is wthdrawn. 28 Decenber 2006 8
According to this configuration, the worker perfornms an operation for
replacing the cutter bit at a rear portion of the spoke. This obviates the
need to inject a chemcal liquid for stabilizing the ground |ying ahead,
shortens the operating tine, and reducds the operating cost. Moreover, the
wor ker need not go out of the machine into a space, such as a space ahead
of the cutter heAASGT U BHi O atRhgntsed i L e mk den  orkh dewaorker
decreases, _safety can be inproveg, and the excavating work efficiency can
be i ncr BRSO LB i A CEpTEeEHEM bPY P Lacdérd bihe mordover biitncur si on of
nmuddy water, etc. fromthe nting hole can be inhibited by the gate
means. Fhud FRAFE sP 1o Ruddy WRPerPRte,  FREG tHevépoles cahabe

prevent ed Qflgabl.,.an t he safeté of operation can be fully ensured. A
repl aceRER r 66m MRAFIGF &t &R At ol pherli €U 1 Br ésuiur 8t aRtidriez ddor ker can
enter f gnlthe machi ne , bodghand reghace the cutter bit, may be provided in
a rear trﬁi%ﬁqﬁn?h Ydgtke2P§dfle FRE Mot REr LR foP AE aduitn @r tieys aci ng
work in thjs r placen%A room_ the worker need not go out of the machine

nt
into a SPace’ SONHE s T S pARE LI o Atle- cutp&ROvVEr, the

worker need not go out of the machine into a space,
such as a space ahead of the cutter head or within
a chamber. The burden on the worker decreases,
safety can be improved; and the excavating work
efficiency can be increased. During replacement of
thg cutter bit, moreover, incursion of muddy water,
etc. from the mounting hole can be inhibited by the
gate means. Thus, incursion of muddy water, etc.
into the spoke can be prevented reliably, and the
safety of operation can be fully ensured.

A replacement room nearly at an atmosphefic
pressure, where a worker can enter from the machine
body and replace the cutter bit, may be provided in
a rear portion of the spoke. Since the worker
performs cutter replacing work in this replacement
room, the worker need not go out of the machine
into a space, such as a space ahead of the cutter
head or within a chambei. The burden on the worker
decreases, safety can be improved, and the
excavating work efficiency can be increased.

The above-mentioned gate means may be a



head or within a chanber. The burden on the worker decreases28 Patembet2006
be i nproved, and the excavating work efficiency can be increased. The
above-nmenti oned gate neans nay be a 28 Decenber 2006 9 valve plate which
has a through-hole in alignment wth the nounting hole and all ow ng
passage of the «cutter bit, and which, when the cutter bit is w thdrawn
fromthe nounting hole, noves while re®aining the cutter bit, thereby

cl osing_t he hus, _a,gate need not be provided separately,

so that 't V%mﬁﬂghggW;ﬁﬁBeEﬁﬁwﬁiF%&fuggﬁgQ#% $Pt &gl b¥nBeAti ng are
nvenc: o400 BUE R apet TR IR nBTRod LORPTE o HowGRy G chRbr bit
earverd SRepoulier g Duna [oulheg 1), suoh & mpner as to protrude
cuLCer I URAL o T RRN R e} o vl Ler Bl mounti g fole formed in
D1 g RS bt Gt e eF IS 1 ShE T’ bt CRH PGk FABOdI €2  nt o &l | gament .
and thep, JTRVE g P81t tern REY Tory@rd and §Txino the cutter, bit.
separately, so that the structure can be simplified,
and the sites of sealing are decreased in number,
thus improving the séalability.
A third aspect;of the invention is a cutter
replacing method comprising moving a cutter bit
.rearward, the cutter bit being mounted in such a
manner as to protrude from a front face of a cutter
head, then‘tUrning a valve plate having the cuttef
bit supported thereon so that a cutter bit mounting
hole formed in the cutter head is closed with the
valve plate, repiacing the cutter bit by other
cutter bit in this state, then turning the valve
plate again to bring the new cutter bit and the
cutter'bit mounting hole into alignment, and then
~moving the cutter bit forward and fixing the cutter
| ~bit.
According to this method, the worker
performs an operation for replacing the cutter bit
at a rear portion of the spoke. This obviates the

need for the worker to go out of the machine into,

_for example, a space ahead of the cutter head or



According to this nethod, the worker perfornms an operation fZg Deehidscr @06
the cutter bit at a rear portion of the spoke. This obviates the need for
the worker to go out of the nmachine into, for exanple, a space ahead of
the cutter head or 28 Decenber 2006 10 within the chanber. The burden on

t he worker decreases, and safety can be inproved. During replacenent of
the cutter bit, the nounting hole is clb@ed with the valve plate. Thus,

i ncursion of . nuddy water, etc. into the interior can be inhibited.
Consequ¥ritty 1y el sidreBP eFuddy vt e rdet conj rthoe t e rdpoke can be
prevented reliably, and the safety of operation can be fully ensured.

BRI EF DESCHf PRSI OF 2Tt DRAWINGS. FhHe bt ebBibtr dvednt i Bundindg becone nore
fully understood fromthe detailed description given hereinbelow and the
acconpahyith2 & Rgs Shi Eheardit g ek Iy, wap cofmehhtistrat hodeonly, and
thus are not Jlimtative of the present invention, and wherein: FIG 1 is a
front viFéw $fda thtbertheali2 o kg + o BBy stirerodiimento 6f the present
invention; FIG 2 is a schematic sectional view of a shield excavating
machi ne™HEA g “ehee Eut tErC hedd tt thie iMmer ionbodanehte nount ed t her eon;

FIG 3 is.an enlarged _sectional view of an
inhibited. Consequently, incursion of nuddy water,

etc. into the spoke can be prevented reliably, and

the safety of operation can be fullyrensured.

BRIEF DESCRIPTTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given
‘hereinbelow and the accompaﬁying drawings which are
given by way of illustration only, and thus are not
limitative of the present invention, and wherein:

FIG. 1 is a front view of a cutter head
according to a first embodiment of the present
invention;

FIG. 2 is a schematic sectional view of a
shield excavating machine having fhe cutter heéd of
the first embodiment mounted thereon:

FIG. 3 is an enlarged sectional view of an
essential part of FIG. 2, showing a mounted stéte
of relay.bits;

FIG. 4 is a sectional view taken along line
IVfIV of FIG. 3;:

FIG. 5 is a sectional view taken along line



essential part of FIG 2, showing a nounted state of relay g PecEhiber200%
a sectional viewtaken along Iine IV-1Vof FIG 3; FIG 5 is a sectional
view taken along |ine 28 Decenber 2006 V-V of FIG 3; FIG 6 is a vertical
sectional view of a cutter spoke in a cutter head according to a second
enbodi nent of the present invention; FIG 7 is a sectional view taken al ong
line VII-VII of FIG 6; FIG 8 is a fridht view of a cutter spoke in a
cutter hea¢ aceordidng 0 a third enbodi nent of the present invention; and
FIG 9 is a sectional view taken along line I1X-1X of FIG 8. DESCRIPTI ON

~ OF THE PREFERREDEMBODGMENTS, Eahadi @ent s of ¢t g T esent, ir?;‘ﬁ’e”“ on wil |

now be described in detail with reference to the "acconpa ﬁ@ dr awi ngs.

[First EmbedidentbAse shawy idyEEGS HegRd i excavati ng machi ne -
of the present enbodinent includes a cylin r?%ﬁ?qﬁ@chl%eabcf’cfyc‘i]igcorrposed

of a frambodiiehta @ndead §3F edbW | { By A cuifer head 13 is rotatably
nmounted on a front end portion of the nachine body 11 by neans of a

bearing 12. FIG. 7 is a sectional view taken along line
VII-VII of FIG., 6;
FIG. 8 is a front view of a cutter spoke in
a cutter head according to a third embodiment of
the pfesent invention; and

FIG. 9 is a sectional view taken along line

IX~-IX of FIG. 8.

DESCRIPTION QF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will
now be described in detail with reference to the
accompanying drawings.

[First Embodiment]

As shown in FIGS. 1 and 2, a shield
excavating machine of the present embodiment
includes a cylindrical machine body 11 composed of .
a front drum 1ila and a rear drum 11b. & cutter‘
head 13 is rotatably mounted on a front end portion
of the machine body 11 by means of a bearing 12.
Cutter spokes 14, 15 are radially attached to a
front face portion of the cutter head 13. Relay
bits (leading bits) 16 are mounted on a front face

portion of each cuttexr spoke 14, while cutter bits



Cutter spokes 14, 15 are radially attached to a front face pfg bee8nmberiZd0e
cutter head 13. Relay bits (leading bits) 16 are nounted on a front face
portion of each cutter spoke 14, while cutter bits 28 Decenber 2006 12 17
are nounted on a side portion of each cutter spoke 14. Relay bits (Ieading
bits) 18 are attached to a front face _portion of each cutter spoke 15,
while cutter bits 19 are attached to alZide portion of each cutter spoke

15. Ariing gedf maQnitsedi xed 4 0sagedy,ppition of the cutter head 13. A
hydraulic nmotor 21 is attached ?o tehéeHOrrag%iror]ilenogoﬁfi1 %ld%%etrhat a drive

gear 22 sgfokbe 1wdranleiiGay "BE@'s 201 b @NGA0Ed W\t hy Ehe ring gear 20. Wen
the hydraulic notor 21 isydriven to rotggz t éﬁhdr%ée%ééﬁr 22, the cutter

head 13atstsehai®dew & Fhent NPagean, 20+ i Apb h 23 is.located behind
the cutter head 13 and attached to g-fro:rtlténpt)gr%i %%%o ?lﬁgteﬁachi ne body

11, t herghyk defi s ngra chaphart 24 Lhetyees the cyiter head 13 and the
bul khead 23. A slurry delivery pipe 25 andgg%%lﬁt%éﬁﬁV% hiPgé& pipe 26

extend betyeepdihei ehander e2dnduthe extgrier 1 §f the excavating machine.
An agitator 27 for agitating and m xi ng Irgruc(ké aln%'rru eddtin? 8P&d  duri ng

excavat gg)np% %ecﬂz%p?ﬁe?:hdénat Re i ChBrtA Of 8% IPENLNG Y TRELY WY
A - hydraulic motor 21 is attached to the machine
body 11 such that a drive gear 22 of the hydraulic
motor 21 is engag%d with the ring gear 20. When
the hydraulic motor 21 is driven to rotate -the
drive gear 22, the cutter head 13 is rotated via
the ring gear 20.

A bulkhead 23 is located behind the cutter
head 13 and attached to a front portion of the
machine body 11, thereby defining a chamber 24
between the cutter head 13 and the bulkhead 23. 2
slurry delivery pipe 25 and a slurry dischérge pipe
26 extend between the chamber 24 and the exterior
of the excavating machine. An agitator 27 for
agitating and mixing muck and mud encountered
during excavation is disposed in the vicinity of an
opening of the slurry discharge pipe 26 in the
chamber 24. A plurality of shield jacks 28 are
circumferentially disposed along a rear inner
peripheral portion of the machine body 11. The

shield jacks 28 extend in a direction opposite to a

direction of excavation to. press against a segment




chanber 24. A plurality of shield jacks 28 are circunferentizg Dgcémbie?2006
along a rear inner peripheral portion of the machi ne body 11. The shield
jacks 28 extend in a direction opposite to a direction of excavation

t o- press agai nst a segnent 28 Decenber 2006 13 S, which has been erected.
The resulting reaction force causes t machi ne body 11 to advance. A

bendi ng jack 29 connects the front druntfila and the rear drumllb of the
machi ne syodyhik i ogethasecAn o L5 EELAr, 3@&@%%%%?1%9%”1%%9%@5 S on an
internal wall surface of a bored. tunnel is disposed “in a réar portion of

the machidiecbodyalied nthbensxicdnst idd ¢di shil d;8%¢ayvat i ngy machi ne of
the present enbodi ment, each of the relay bits 16 mount ed on the four

cutter spok@snid §erk MES cubtare head thdk | 5rhep! a&ﬁam 91 éHﬁE
exanpl e, that during excavation of a tunnel, the relay 16tbreaks upon

contact reidh dnrwneipected tobstmebiine tzbledgr oupnd erHéhé‘ eadA such as a
sheet pile, an Hsteel pile, or a reinforce concrete ptle; or a front

expl or eerdet eotrs B0clfcan ebsiacley khd hee ghewtd $YbRg Apead. In this case,
the relay bit 16 in question can be replaced by a pile cutting bit to cut

and grindtiéienelistmalia. Jhe farcd ayrbiat Bbr BY tWBH e QURING EXERAI4 On of a
long tunnel, lowering the excavation efficiency. In
in a rear portion of the machine body 11.

In the so constituted shield exeavating
machine of the present embodiment, each of the
relay bits 16 mounted on the four cutter spokesrl4
on the cutter head 13 is replaceable. Assume, for
example, that during excavation of a tunnel, the
relay bit 16 breaks upon contact with an unexpected
obstacle in the ground lying ahead, such as a sheet
pile, an H-steel pile, or a reinforced concrete
pile; or a front explorer detects such an obstacle
in the ground lying ahead. 1In this case, the relay
bit 16 in question can be replaced by a pile
cutting bit to cut and grind the obstacle. The
relay bit 16 may wear during excavation of a long
tunnel, lowering the excavation efficiency. Inr
this case, this relay bit 16 can be replaced with a
new one, and an excavation operation can be
continued.

In the above-described cutfer head 13, each
cutter spoke 14 is similarly box-shaped, and

communicates with a rotating shaft 31 at the center.




this case, this relay bit 16 can be replaced with a new one,28ndcathber 2006
excavation operation can be continued. In the above-described cutter head
13, each cutter spoke 14 is simlarly box-shaped, and communicates with a
rotating shaft 31 at the center. 28 Decenber 2006 14 In a rear portion of
the rotating shaft 31, a nmanhole 32 if4forned for allowng a worker to
enter frominside the nmachine body 117 "As shown in FIGS. 3 to 6, the

cutter gpoke #4458 gowitdeshni bt ﬁleph:@)r’@shi;iﬁg()fs}pifﬁk%’l ang repl acenent of
the relay bit 16 is possible in each of the blocks. I'n ‘one block of the

cutter mpekeclé, IR0 i(uppsrmaad fOMWer) 1 WAL Y H9 repfiyed in a
front wall 14a of the cutter spoke 14. A ci%cular k?%f?ﬁ6§g§8§§%p§4 i's

formed ifmoan r gars faee tafe thechriond mally 144, i nassugh, @,mpneFras to
surround the nounting holes 33. A valve plate 35 constituting gate neans

has an 3outerepertipberaltf&EonkpRord i 09 ﬂ&itggﬁﬂﬁé)t?ﬁtJiéting groove 34
via seals 36, 37, and al so has an outer peripheré? ange portion

suppor t pd ulya i tgui € 38 S ked tEhd heeputd @EmepPAke, $4¢+hENUS.Lhe valve
plate 35 is supported circunferentially turnably about a support shaft 39

simlarbytfixedid opble idiléenspokenldr lymthe valve pl 3te 35a

t hrough-hol es 40 are
block of the cutter spoke 14, two (upper and lower)
mounting holes 33 are formed in a front wall 14a of
the cutter spoke 14. A‘circular fitting groove 34
is formed in a rear face of the front wall 14a in
such a manner as to surround the mounting holes 33.
A valve plate 35 constituting gate means has an
outer peripheral front portion fitted into the
fitﬁing groove 34 via seals 36, 37, and also has an
outer peripheral flange portion supported by a
guide 38 fixed to the cutter spoke 14. Thus, the
valve plate 35 is supported circumferentially
turnably about a support shaft 39 similarly fixed
to the cutter spoke 14.

In the valve plate 35, through-holes 40 are
formed at pdsitions consistent with the two |
mounting hole 33. At these positions of turning,
the valve plate 35 is fixed to the cutter spoke 14
by means of bolts 41. The relay bit 16 comprises a
blade portion 16a and a guide portion 16b
integrally bonded together by a plurality of bolts

16c, and has a flange portion 16d integrally formed




formed at positions consistent with the two nounting hol e 338 Bbcéimdee 2006
positions of turning, the valve plate 35 is fixed to the cutter spoke 14
by neans of bolts 41. The relay bit 16 conprises a blade portion 16a and a
gui de portion 16b integrally bonded together by a plurality of bolts 16c,
and has a flange portion 16d integraIIY fornmed 28 Decenber 2006 15 at a
rear end of the guide portion 16b. The $elay bit 16 is inserted into the

throughalkole 4@ 0f thel val enpl afei 38, NG 1 Hg t' n of the
cutter spoke 14 via packings 42. A front end of ?h%e por%yon 16a

protrudps f rom a 4 r oRtsSaced ok tther gut tﬁ{réﬁ%&rﬂé‘l veZ!'O' & £ henfd ange
portion 16d is in intimte contact wwth a rear face of the valve pl at e

35, andvhilxedphy te pBur,alitiy @hdahdéSntddhg TMBIROI$5 44, hich are screwed
to the flange portion 16d of the relay biq 16 and whose front end

cont act sutthes Feapd Ree 10f v he p@ﬂdﬂ@iﬂgételz% Al ¢ rdifckeRal t5r for
withdrawing the relay bit 16. In one block of the cutter spoke 14, two

(right and lief b osblitanimgldeprasst onsiAd akem fOr prdaith £he back face of
the front wall 14a. In the valve plate 35, through-holes 46 are formed at

positi opg aunsi shiehtew tdpdhe H1wWQ pPEBLhicon g fd%ﬁ{cfésb%rist

positioning pin 47is in the shape of a cylinder havihg a osed front

end, andé6d is in intimate contact with a rear face of the
valve plate 35, and fixed by a plurality of bolts
43. Two bolts 44, which are screwed to the flange
portion 16d of the relay bit 16 and whose front end
contacts the rear face of the valve plate 35, are
jack bolts for withdrawing the relay bit 16.

In one block of the cutter spoke 14, two

(right and léft)-positioning depressions 45 are
.formed in the back face of the front wall 14a. In
the valve plate 35, through-holes 46 are formed at
positions consistent with the two positioning
depressions 45l A positioning pin 47 is in the
shape of a cylinder having a closed front end, and
has a flange portion 47a and a small fitting
portion 47b integrally formed in a rear poftion
thgreof. The positioning pin 47 is inserted.into‘
the through-hole 46 of the vale plate 35, and the
positioning depression 45 of the cutter spoke 14.
The flange portion 47a is in intimate contact with
the rear face of the valve plate 35, and fixed by a

plurality of bolts 48. Two bolts 49, which are



has a flange portion 47a and a small fitting portion 47b intzppatémbe? 2006
in a rear portion thereof. The positioning pin 47 is inserted into the
t hrough-hole 46 of the vale plate 35, and the positioning depression 45 of
the cutter spoke 14. The flange portion 47a is in intimte contact with
the rear face of the valve plate 35, ag fixed by a plurality of bolts 48.
Two bolts 49, which are 28 Decenber 20 16 screwed to the flange portion

47a of tbeewea ONLRG MiNaAgeans whose 4ot sgnd.gontacts the rear face
of the valve plate 35, are jack bolts for wthdrawing the relay bit 16.

Next wipbsher fdesaridegia tamnghdex@ayati N o QREatd 08, Y Athe sppgonf i gured
tunnel excavating machine, and a relay bit replacenent operation. In

excavatiearof racteunnel thseev£168. phand 29, whid e 1he gyt d 13 is
being rotated by neans of the hydraulic nn?or flﬁ fﬁe pluﬁg%i?g%bf shield

jacks 28ianeiextvandedtse aseloypness agai nst existing segments. The
resul tant reaction force causes the machine body 11 to advance. A nunber

of relay bits Mux@8wand cuet eleditsblt A9t @KGAVAL 8xcthe 865 of the
ground lying ahead. Muck is taken into the chanber 24, and di scharged

throughophe asionr b di sekarge pope 2Hute d heusXEar ik 9% althg, g machi ne body
11. Then, any one of the shield jacks

machine, and a relay bit replacement operation.

In excavation of a tunnel (see FIGS. 1 and
2), while the cutter head 13 is being rotated by
means of the hydraulic motor 21, the plurality of
shield jacks 28 are extended so as to press against
existing segments. The resultant reaction force
causes the machine body 11 to advance. A number of
.relay_bits 16, 18 and cutter bits 17, 19 excavate
the face of the ground lying ahead. Muck is taken
into the chamber 24, and discharged through fhe
slurry discharge pipe 26 to the exterior of the
machine body 11. Then, any one of the shield Jacks
28 is retracted so as to form a space between the
shield jack 28 and the existing segment S. A new
segment S is erected in this space by use of thé
erector 30. This operation is repeated to excavate
a tunnel having a predetermined length. .

In the course of tunnel excavation in this
manner, the relay bit 16 may break upon contact
with an obstacle in the ground lying ahead, or an

obstacle may be discovered beforehand in the ground




28 is retracted so as to forma space between the shield jacdg B8cémbet 2006
existing segnent S. A new segnent S is erected in this space by use of the
erector 30. This operation is repeated to excavate a tunnel having a
predeterm ned length.. In the course of tunnel excavation in this mnner,
the relay bit 16 may break upon contaci with an obstacle in the ground

| ying ahead, or an obstacle nmay be di dovered beforehand in the ground 28

Decenben y200§ alvehMi.ng 1aheadi sl 4 hbs Gage. rLhe Jalay hid J6.needs to be

replaced by a pile cutting bit (not sﬁomn). Furthernoré, as a result of

tunnel excavat rpD¥eled a 080 gier &) cthe: 1 ghay, i t (%@t”%c‘é‘ﬁgg and may
decrease in excavation efficiency. The worn'rel ay It mus repl aced by

a new omg.r Mherntdiecrelay Bitekis b& heyfgpliaced. the ; sutper, head 13 is
rotated to upwardly position the cutter spoke 14 ?%rgﬁﬁéﬁ?e%gfrgit 16 to

be repl acadngThe: Ay karhé nrehe yachicne dogdy 11, enter gé]tcjﬁn%gt ter spoke 14

fromthe manhol e 32 through the rotating shaft 31, and perforns

repl acedenis e he@ Nhng Mt dHattike reFay Didnd6 inghe ygper . This is
as shown in FIG 2. As shown in FIGS. 3 5%d§4, the first §$%%g's to

| oosen bhe phusal iy eledOhtsdddy andnsGr eyykn the jack bolts 44, thereby
rel easing the fitting

When the relay bit 16 is to be replaced, the
cutter head 13 is rotated to upwardly position the
cutter spoke 14 for the relay bit 16 to be replaced.
The worker in the machine body 11 enters the cutter
spoke 14 from the manhole 32 through the rotating
shéft 31, and performs replacement, beginning:with
thé relay bit 16 in the upper block. This is as
~shown in FIG. 2.

As shown in FIGS. 3 and 4, the first.step is
to loosen the plurality of boltsr43, and screw in
the jack bolts 44, fhereby releasing the fitting
between the front end portion of each relay bit 16
and the mounting hole 33 of the cutter spoke 14
through the flange portion 16d. The relay bit 16
is moved rearward through the through-hole 40 of
the valve plate 35 with the use of a tool (not
shown), and pulled out of the mounting hole 33.
Then, the plurality of bolts 48 are loosened, and
the jack bolts 49 are screwed in to release the

fitting between the front end portion of each

positioning pin 47 and the positioning depression



between the front end portion of each relay bit 16 and the nBIDbLEMH®!2D06
33 of the cutter spoke 14 through the flange portion 16d. The relay bit 16
is noved rearward t hrough the through-hole 40 of the valve plate 35 with
the use of a tool (not shown), and pulled out of the nounting hole 33.
Then, the plurality of bolts 48 are | oosened, and the jack bolts 49 are
screwed in to release the fitting betd®en the front end portion of each

posi tioningopi té ¥k £Be RO kEONiNG: HeRLRSST PR28 Decenber 2006 18 45
of the cutter spoke 14 through the flangggu'ort?gﬁ ﬁyé?nqﬁe posi tioning pin

47 is muedt ikear warkd thm@gpotsfﬁiehq%-%ngﬂﬁ 9% %@%ﬁgl ve plate 35

with the use of a tool (not shown) , and ed ou e through-hol e

46. These £2GH POSEHANGE RiHE 47 niRalqhag Ny 6 PUlL ut, _i,s 1 nverted,
whereafter the small fi?ti ng portion g47b Pse%ei%?egfi ﬁ%gt hglt‘%er ough- hol e

46 of tha yebve 9l gheBSenanddasbened byohhe ol s, Aifl) Thepg the bolts 41
e. n | Sta

are | oosened to nake the valve plate 35 turna e, the valve

pl at e 3%&§1@@1&@t9%ﬁk@ﬁ@G&H@%ﬁgHiﬂ&@g ot  shown). In this case, for
exanple, a base end of the jack i$ brought into contact with the side wall

of the cutter sppkenld, cant tﬁ‘@s§it‘1%r9inbh%irpo§i7tE%’H@ghgisnb‘gerils pushed

by the front end of an
pulled out is inverted, whereafter the small
fitting portion 47b is fitted into the through—holé
46 of thé valve plate 35, and fastened by the bolts
48. Then, the bolts 41 are loosened to make the
valve plate 35 turnable. 1In this state, the valve
plate 35 is turned 90 degrees using a jack (not
shown} . In this case, for example, a-base end of
the jack is brought into contact with the side wall
of the cutter spoke 14, and the side of the
positioning pin 47 is pushed by the front end of an
extended drive rod of the jack to turn the valve
plate 35 through a predetermined angle. This
operation is repeated several times, whereby the
valve plate 35 can be turned 90 degrees.

By so turning the valve plate 35 90 degrees,
the mounting holes 33 of the cutter spoke 14 are
closed with the valve plate 35 and the positioning
pins 47, thus preventing incursion of muddy water
or mud from aheéd of the cutter head 13 into the
cutter spoke 14. Whether incursion of muddy water

or mud is inhibited or not is checked from an




extended drive rod of the jack to turn the valve plate 35 tygpgbBember 2006
predeterm ned angle. This operation is repeated several tinmes, whereby the
val ve plate 35 can be turned 90 degrees. By so turning the valve plate 35
90 degrees, the nounting holes 33 of the cutter spoke 14 are closed with
the valve plate 35 and the positioning, _pins 47, thus preventing incursion
of nuddy water or nud from ahead of th& cutter head 13 into the cutter

spoke 14. glhef o hnGiy st on Qf  nuddy, wat r d.is Jj,nhibited or not is
checked g}%§1an 2% Dggénbe?n2006 19r%ﬁs%£8pﬁéﬁggo%b 6#@? gﬁ&ﬁﬂ? provi ded

in the yalyee plate ﬁ%te%t@bnqqnémaﬁ&tdrpﬁlgf thhi s 1HH‘1‘?§H£’{I‘85 the

plurality of bolts 16¢c are | oosened, and gui de portion IS

separ at edh d ramiihg1hltades Fperdi©f 16a of .Lhe it a ul I ed out of
t he through-ﬁole 33.t$€en, t he bl ade por%%onof%%éxgp’tﬁé§?eﬁgfpbit 16 is

pul l ed ouii @& therthiaiighephale §§g€>fau§@dgffgggn apyL! ibaf%%e' ate and a

pul | -out” jack (not shown). The w t hdrawn portion a is replaced by

a bl adepport i o Of 68 Rif eLAW 0 bi 1110718 bl L4 09, pf & new rel ay
bit. The blade portion after replgceﬁént isapusﬁgagﬁﬁ?% ?ﬁg Oﬁ%rough-hole

331 | and e L bR S AgnoUidiee POTLI O HER, it #USREdd Borths Py gyah-hol e 33,
of the relay bit 16 is pulled out of the through-
| hole 33 by use of an auxiliary plate and a pull-out

Jack (not shown).

The withdrawn blade bortion léa is replaced
by a blade portion of a pile cutting bit, or a
blade portion of a new relay bit. The blade
portion after replacement is pushed into the
through-hole 33, and further the guide portion 16b
is pushed into the through-hole 33, followed by
cbupling the blade portion and the guide portion
together by means of the bolts 1l6c. Using a
procedure performed in an order opposite to that
stated earlier, the pile cufting bit or relay bit
is moved to a predetermined position and fixed.

After the relay bit 16 present in an uppér
block of the cutter spoke 14 is replaced, the
respective relay bits 16 located in blocks below
the above block are replaced one after another.
When all relay bits 16 or a certain relay bit 16 in
one cutter spoke 14 have been or has been replaced,

the cutter head 13 is turned 90 degrees at a time,



coupling the blade portion and the guide portion together bysgipapsner2006
bolts 16¢c. Using a procedure perfornmed in an order opposite to that

stated earlier, the pile cutting bit or relay bit 1is noved to a
predeterm ned position and fixed. After the relay bit 16 present in an
upper block of the cutter spoke 14 is,replaced, the respective relay bits
16 | ocated in bl ocks bel ow the above EFbck are replaced one after another.

When al lael ani ke Ubyobia CB61 3bhd @l Akdbiils 16eb0 2 A0F RHEL spoke 14
have been or has been replaced, the cutter head 13 Is turne O degrees at
a tinme, i8cbecenber. 2006 20 and the relay bit 16 concerned is repl aced
where necessary. In the shield excavating machine of the present

enmbodi ment as deseritied abovel dt k& owekenn £ eEs ithe SHt gl spoke 14,
where the worker perforns an operation for replacing the relay bit 16.
Thi s obvyimt serttheeneerdigein] ect acchermisal Judwed fafe sgakild,zi ng the
ground |lying ahead, shortens the operating tine, and reduces the

operati rghtcosts. theeavet tetrthespwkken meedhBele 9o et @A 1SPACE outside the
machi ne, such as a space ahead of the cutter head or wthin the chanber.

The bur genr Sorte wor kesekeassens, rand 15ap ehy: iGN PRe /WY Qyed fFurthernore,

the valve plate 35 is
16. This obviates the need to inject a chemical
ligquid for stabilizing the ground lyving ahead,
shortens the operating time, and reduces the
operating cost. Moreover, tﬁe worker need not go
to a space outside the machine, such as a space
ahead of the cutter head or within the chamber.
The burden on the worker lessens, and safety can be
imptoved. Furthermore, the valve plate 35 is
turnably supported on the cutter spoke 14, and the
reléy bits 16 are supported on the valve plate 35.
Thus, during replacement of the cutter bits 16, the
valve plate 35 inhibits the incursion of nuddy
water, etc. from the'mounting holes 33.
Consequgntly, incursion of muddy water, etc. into
the cutter spoke 14 can be prevented reliably, énd
the safety of operation can be fully ensured.
Besides, the valve plate 35 supporting the reiay
bits 16 is used as gate means for closing the
mounting hole 33 of the cutter spoke 14 when the
relay bif 16 is pulled out rearward. Thus, a gate

need not be provided separately, so that the




turnably supported on the cutter spoke 14, and the relay bitgg é@céﬁﬂ)erzooﬁ
supported on the valve plate 35. Thus, durlng repl acenent of the cutter
bits 16, the valve plate 35 inhibits the incursion of nmuddy water, etc.
fromthe nounting holes 33. Consequently, incursion of nuddy mater, etc.
into the cutter spoke 14 can be prevented reliably, and the safety of
operation can be fully ensured. Besidds, the valve pl ate 35 supporting the

rel ay Bwﬁsuéﬁtuseu&@ﬂlageg@hgqﬂpgﬁge&pr ghesi t I hol e 33 of
the cutter spoke 14 when the relay bit 16 |stggflggaégﬁy?%%?3brd. Thus, a

gate need not henprovideled separately, so that the 28 Decenber 2006 21
structure can be sinplified, and the sealability can be inproved. In the

f or egoi ng emehnﬁnthéhEOt@q&hﬂba@%béﬁlh%ﬁﬁ”n@H'Y€%‘ r the
cutter spoke 14 by the fitting groove 34, guide 38e an gpgqu9shaft

However 35aniysOmelmﬁabhqsesﬁp@@ﬂfﬁeﬁe@%er@iéscMéfCE%%t [ Sgcey 3;1
Enbodi nent] As FIGS. 6 and 7 show, in a cutter head t he esent

enbodi neite Bach oyt efr spoke 352, | §u ilbex-$Hapedq aé“gpgo\i"ﬁjeghb
plurality of blocks, and replacenent of t he relay bit 16 is pOSSIb|e in
each(ﬁBBhelHQQEWein amey bboek oof theseUtd®bport members is
sufficient.
[Second Embodiment]

As FIGS. 6 and 7 show, in a cutter head 51
of the present embodiment, each cutter spoke 52 1is
box-shaped, and divided into a plurality of blocks,
and replacement of the relay bit 16 is rossible in
each of the blocks. 1In one block of the cutter
spoke 52, a mounting hole 53 is formed at a center
of a front wall 52a. A valve plate 54 constituting
gate means is fan-shaped, and has a base end
‘portion attached turnably on a support shaft 55
fixed to the cutter spoke 52, and also has an outer
‘peripheral portion supported by a quide 56 fixed to
the cutter spoke 52. Because 6f this configuration,
the valve plate 54 is supported turnably about the
support shaft 55 as a fulcrum. A seal 57 is
mounted between the front wall 52a of the cutter
spoke 52 and the valve plate 54,

In the valve plate 54, a through-hole 58 is
formed at a position consistent with the mounting

hole 53. At this position of turning, the wvalve




spoke 52, a nounting hole 53 is forned at a center of a frongg D@bbmrb%ﬁ'-zgﬁ-é
val ve plate 54 constituting gate neans is fan-shaped, and has a base en
portion attached turnably on a support shaft 55 fixed to the cutter spoke
52, and al so has an outer peripheral portion supported by a guide 56 fixed
to the cutter spoke 52. Because of this configuration, the valve plate 54
is supported turnably about the sup t shaft 55 as a fulcrum A seal 57

i's nouptled: betaween st hej eantc et he52a; Of etthes Sok L ek 2 Sdéf?kﬁe% and the
valve plate 54. In the valve plate 54, a through-hole 58 is ormed at a

posi ti om ansilstent 9w t i derenunt i Bg+ hod ei53.5 Alet Py PASELT @R, Of
turning, the valve 28 Decenber 2006 22 plate 54 is fixed to the cutter

spoke 52 Hwouwgdnsholfe ot &f5&.hé_hearla}@->’p@iatté|-6511Sairmset%ﬂ dinto the
t hrough-hol e 58 of the valve plate 54 and the nounting hole 53 of the

cutter mpoket32yiRodre 0531y e Aut©a: ephiof 8obkade parij.on 16a of
the relay bit 16 protrudes froma front face of the cutter spoke 52,

whi | e arfilrenge opor thot rifigt obnbhes £ rel @y Lk 36 1d1Si bR 1R BEergentact with
a rear face of the valve plate 54, and fixed by a plurality of bolts 61.

Wen thegledaybhit 16 isrberbelaepkaced,at heocutigrchepd plois rotated to
upwardly position the

cutter spoke 52, while a flange portion 16d of the

relay bit 16 is.in intimate contact with a rear

face of the valve plate 54, and fixed by a

plurality of bolts 61.

When the relay bit 16 is to be replaced, the
cutter head 51 is rotated to upwardly position the
cutter spoke 52 for the relay bit 16 to be replaced.
The plurality of bolts 61 are loosened, and jack
bolts (not shown) are screwed in, thereby releasing
the fitting between the front end portion of each
reléy bit 16 and the mounting hole 53 of the cutter
spoke 52 through the flange portion 16d. The relay’
bit 16 is moved rearward through the through-hole
58 of the valve plate 54, and pulled out of fhe
mqunting hole 53. Then, the valve plate 54 is
turned about 60 degrees using a jack (not shown).
By sordoing, the mounting hole 53 of the cutter
spoke 52 is closed with the valve plate 54, thus
preventing incursion of muddy water or mud from
ahead of the cutter head 51 into the cutter spoke

52, Then, the guide portion 16b and blade portion



cutter spoke 52 for the relay bit 16 to be replaced. The pl Wg@bek¥ner 2006
bolts 61 are | oosened, and jack bolts (not shown) are screwed in, thereby
releasing the fitting between the front end portion of each relay bit 16
and the nmounting hole 53 of the cutter spoke 52 through the flange portion
16d. The relay bit 16 is noved reaer%d t hrough the through-hole 58 of

the valve plate 54, and pulled out of“the nounting hole 53. Then, the

val ve plisd# o4 i shet waedyabaut 6@ @nge§§q%ﬂ@i§%jl%?kp§1@9teé§9§¥\ﬁ)tEg so

doi ng, the nmounting hole 53 of the cutter “spoke 52 is close

val ve pleat ethd thusu@hexentd ngsi AaUNSE ON sof duddy, at ex sor jrud, £rom
ahead of the cutter head 51 into the cutter spoke 52. Then, the quide

porti on phtdcartli hiadenpod i nem 28 Decenber 2006 23 16a of the relay bit 16
are sequentially pulled out of the through-hole 58 in the same manner as

in the precedi nghenbedtramtawThe 1 widddsawe il ade sRor{ & 09@%@%&?& epl aced
by a blade portion of a pile cutting bit, or a blade portion of a new

relay bty &sirigade procedone cperiopiad i Audh iqfgfep gpposite to that
stated earlier, the pile cutting bit or the new "relay bit Is noved to a
predet ebilised positiiom and af inead. renather sutt eishead 51 of the present
procedure performed in an order opposite to that
stated earlier, the pile cutting bit or the new
relay bit is moved to a predetermined position and
fixed.
In the cutter head 51 of the present
embodiment, one relay bit 16 is—detachably mounted
in one block of the cutter spoke 52. If one relay
bit 16 . bends upon contact with an obstacle in the
ground lying ahead, and the blade portion 16a
bécomes unwithdrawable from the mounting hole 53 of
the cutter spoke 52, only this single relay bit 16
affected'is unreplaceable. Hence, a decrease in
the excavation efficiency, or impossibility of
excavation, due to the inability to replace many
relay bits 16, can be prevented. Thus, reliabiiity
can be increased.
In each of the above embddiments, the valve
plate 35 or 54 was turned by a jack which the
worker brought into the cutter spoke. However, the
jack may be mounted at a predetermined position

beforehand. Moreover, the means of turning the




enbodi nent, one relay bit 16 is detachably nounted in one blagpeebnibtd 2006
cutter spoke 52. If one relay bit 16 bends upon contact wth an obstacle
in the ground |lying ahead, and the bl ade portion 16a becones

unwi t hdrawabl e from the nmounting hole 53 of the cutter spoke 52, only this
single relay bit 16 affected is unreplaceable. Hence, a decrease in the
excavation efficiency, or inpossibili % of excavation, due to the

i nabi lityatlod gpl ace NBOY o & aYiki tin d 6, GaY PerRILVEN £d JThus,
reliability can be increased. In each o?ethe above eﬁgogiﬁéﬁ$§1 t he val ve

plate 3mwt brkywabet W nediky and ek Wy chnihe ; parker brought into the
cutter spoke. However, the jack may be nounted at a predeterm ned position

bef or ehdrith 1 Mot epmMblo,d ithenrgans of turning the 28 Decenmber 2006 24 val ve
plate 35 or 54 is not restricted to a jack, but nay be a drive notor or

the like. [ThirdaEmmongpent] #8dFEGHhdw,and 9;Showrd P BeGU tpf head 71
of the present enbodi nent, each cutter spoke 72 is box-shaped. In a front

}/val | 72@fof thke subient spaked d2nea th L@@J:h%@&taw@ﬂ@ﬂeh_‘?'ge%ﬁ are
ormed at equal intervals in a longitudinal direction. A valve plate 74
consti t bid:ngsgaiedneans is eedrshapad,) anglai $ rSUPRET bed d -t he cutter

spoke 72, a plurality of mounting holes 73 are

formed at equal intervals in a longitudinal

direction. A valve plate 74 constituting gate

means is rod-shaped, and is supported in the cutter

spoke 72 movably along a longitudinal direction of

the cutter spoke 72. The valve plate 74 is movable

by a pair of hydraulic jacks 75. 1In the valve

plate 74, a plurality of thfough—holes 76 are

formed at positions consistent with the mounting

holes 73. At thesé positions of movement, the

valve plate 74 is fixed to the cutter spoke 72 by

means of-bolts (not shown). The relay bit 16 is

inserted into the through-hole 76 of the valve

plafe 74 and the mounting hole 73 of the cutter

spoke 72. A front end of a blade portion 16a of

the relay bit 16 protrudes from a front face of the

cutter spoke 72, while a flange portion 16d of the

relay bit 16 is in intimate contact with a rear

face of the valve plate 74, and fixed by a

plurality of bolts 77.

When the relay bit 16 is to be replaced, the




spoke 72 novably along a |ongitudinal direction of the cuttesg .g@{gﬁ,%@-zoog
The valve plate 74 is novable by a pair of hydraulic jacks 75. In

valve plate 74, a plurality of through-holes 76 are fornmed at p03|t|ons
consistent with the nounting holes 73. At these positions of novenent, the
valve plate 74 is fixed to the cutter %poke 72 by neans of bolts (not
shown) The relay bit 16 is inserted % to the through-hol e 76 of the valve

pl ate 74c@and dhenreunt ing ihol £0 73 tfd thg Wl eF ront end of a
bl ade portion 16a of the relay bit 16 prot&% udegl?p%(& Zg )?lg‘ée of the

cutter spokedi?, splite aflmngecner tion,16¢, of e tJeg}%y %6 s in
intimate contact with a rear face of the valve plate |xgd by a

pluralitBhef diohts 177 yWeen dheteelay it 1§ 4 sehabe l gced, the 28
Decenber 2006 25 cutter head 71 is rotated to %pwacfd 5’?‘20 %tclq(on t he

cutter dpokes72(fier tdieowaljays bet sk6 dipehe rnep'élﬁé‘} heop! 4Ly of
bolts 77 are | oosened, and jack bolts (noﬁ shown) a éysgﬁgﬁé i t her eby

rel easi rghet I f ¢ higigh betaean £he fffLQﬂﬁte%qlcP‘;[Séerlo(H ach . C{el ay bit 16
and the nmounting hole 73 of .the cutter spoke 72 he relay 5it 16 i s noved

rearwar ce 1 Ayoughtt hes tiilﬁdug:hré‘loﬂn@u?ﬁ:qulgt he Mval ¥§8 Rl@atg, L4.,and, pulled

out of the nounting hole 73. Then, th
spoke 72. The relay bit 16 is moved rearward
through the through-hole 76 of the valve plate 74,
and pulled ocut of the mounting hole 73. Then, the
hydraulic jacks 75 are contracted to move the valve
plate 74 toward the center of the cutter head-71.
By so doing, the mounting holes 73 of the cutter
spoke 72 are closed with the valve plate 74, thus
preventing incursion of muddy water or mud from
ahead of the cutter head 71 into the cutter spoke
72. Then, the guide portlon 16b and blade portlon
16a of the relay bit 16 are sequentially pulled out
of the through-hole 76 in the same manner as in the
preceding embodiment.

The withdrawn blade portion 16a is replaced
by a blade portion of a pile cutting bit, or a |
blade portion of a new relay bit. Using a
procedure performed in an order opposite to that
stated earlier, the pile cutting bit or the new
relay bit is moved to é predetermined position and

fixed.

In the cutter head 71 of the present




hydraulic jacks 75 are contracted to nove the valve plate 744 pegefhHer2006
center of the cutter head 71. By so doing, the nounting holes 73 of the
cutter spoke 72 are closed with the valve plate 74, thus preventing

i ncursion of nmuddy water or nud from ahead of the cutter head 71 into the
cutter spoke 72. Then, the guide por%'hon 16b and bl ade portion 16a of the
relay bit 16 are sequentially pulled t of the through-hole 76 in the

sanme Mgk oS hdnthe oRLeced Ng qggg' t.. The withdrawn bl ade, portion
16a is repl aced By a bl ade porti g)n 0 égﬁgi I'e” cg Pipr?gr‘b?g,nm&v LKl ade

ortion pfon el A } : e.petforned,in _an order
porti cBgnevheelayn fituddsh P9 @i PLAESAY ?P EH@tC%F%ﬁﬂanew rel ay

opposite to that stated earlier, the pile cutting
bit is nysdet 072 predetss g ped posi iy nd_ _fixed, ,lL.n the cutter head 71
of the present 28 Decenber 2006 l26 er%b%(;cd?heﬁ]ta,ﬂ nge\}aeﬁyvebb}tﬁt 4 1is

support egd- aovald y-nhal . i tudi i I f the cutter spoke
72. On one of itscblégﬂg ng§§1€g?ay %ﬁ?ﬂﬁﬁ% Egﬁéagngcﬁgilgﬁﬁnunted. Si ngl e

o TRy AT A S e et SR M5 2% <hor
time. |&achcrfdthepabave, eabedi dBPt $pd P2tV an be
performed easily and in a short time.
In each of the above embodiments, the Qalve
plates 35, 54, 74 were used as gate means for
~closing the mounting holes 33, 53, 73 of the cutfer
spokes 14, 52, 72 when the relay bit 16 is pulled
out rearward. However, plate-shaped gates for
closing the mounting holes 33, 53, 73 may be
provided between the cutter spokes 14, 52, 52 and
the valve plates 35, 54, 74. |
While the present invention has been described
in the foregoing fashion, it is to be understood
that the invention is not limited thereby, but may
be varied in many other ways. Such variations are
not to be regarded as a departure from the spirit
and scope of the invention, and all such |
modifications as would be obfious to one skilled in
the art are intended to be included within the

scope of the appended claims.



plates 35, 54, 74 were used as gate neans for closing the ”@Mﬂ@é&&nﬂ@??éoﬁ
33, 53, 73 of the cutter spokes 14, 52, 72 when the relay bit 16 1s pulled
out rearward. However, plate-shaped gates for closing the nmounting hol es
33, 53, 73 may be provided between the cutter spokes 14, 52, 72 and the
val ve plates 35, 54, 74. Wi le the present invention has been described in
the foregoing fashion, it is to be understood that the invention is not
limted thereby, but may be varied ipymany other ways. Such variations are
not to be regarded as a departure fromthe spirit and scope of the

i nventi onyyapg 18 GLAMEEDNRi fications as woul d be obvious to one skilled in
the art are intended to be included within the scope of the appended
clainms. 28 Decenber 2006 0 27 WHAT IS CLAIMED IS: 1. A cutter head
conprising: a rotatably nounted rotor; spokes provided radially on the

rotor and each havi n% a plural i_t% of rmounting holes provided in a col um,;
a pluralify of ActHiesnegdicOmRigit¢d novably to the nmounting hol es of the

spoke and withdrawably into the spoke; fixing nmeans for fixing the cutter
bits at positi efotaablyinewntedsatorends of the cutter bits protrude outward
fromthe spoke; and

spokes provided radially on the rotor and each having a plurality of

mounting holes provided in a column;

a plurality of cutter bits mounted movably to the mounting holes of the
spoke and withdrawably into the spoke;

fixing means for fixing the cutter bits at positions at which front ends of
the cutter bits protrude outward from the spoke; and

gate means for closing the mounting hole
when the cutter bit is withdrawn into the respective spoke wherein, the gate

- means is a valve plate which has a through-hole in alignment with the

mounting hole and allowing passage of the cutter bit, and which, when the
cutter bit is withdrawn from the mounting hole, moves while retaining the

cutter bit, thereby closing the mounting hole.

2. The cutter head of claim 1, wherein:
the cutter bits are leading bits protruding forward from a front surface

portion of the spoke.

3. The cutter head of claim 1, wherein:

the fixing means is a fastening bolt for




gate nmeans for closing the mounting hole when the cutter bit 28DacémMmBer\P006
into the respective spoke wherein, the gate neans is a valve plate which
has a through-hole in alignment with the nounting hole and all ow ng
passage of the cutter bit, and which, when the cutter bit is wthdrawn
fromthe nmounting hole, noves while retaining the cutter bit, thereby
closing the nounting hole. 2. The cutter hgad of claim1l, wherein: the
cutter bits are leading bits protruding forward froma front surface
portion of the spoke. 3. The cutter head of claim1, wherein: the fixing

means is fxingd fahgOpbtioh hRhed th Pecandial R&Q@ﬁ of @& Buttéd pit fRoth@ f 1 ange

portion formeéd in a rear end portion of the cutter bit to the spoke; and a
pul | - out QE IE?% crevved to the flange portion, the pull-out bolt being
rotated during Toosening of the fastening bolt to have a front end thereof

pressed agai nst_t oke, there drawi n ter bi.t fromthe
nmount i ng hol e. 24Y m’l‘f’m@%’t %éFr%%fgyooweJ[%igﬁPPrﬁ%BE@PH' -out bg 'ttpreg’pg ty of the
val ve plates are rotatably supported on back side of the spoke. 5. The
cutter heiRfalsd duringrogsenipgadithe f&ﬁtwlﬂﬁ&pﬁt’f? have@ireigiichol es are provi ded
parallel in the valve plate; and a positioning pin for locating the valve
pl ate at thgreetiptessead lagdiqsbthet smoke, therpbywiiltiddawiag tideutter biefrohethe of cl ai m
5, wherein:

mounting hole.

4. The cutter head of claim 1, wherein:
a plurality of the valve plates are

rotatably supported on a back side of the spoke.

5. The cutter head of claim 4, wherein:
a plurality of through-holes are provided parallel in the valve plate; and
a positioning pin for locating the valve plate at a predetermined position

is provided.

6. The cutter head of claim 5, wherein:
the positioning pin is moved rearward io protrude, and the positioning

pin is pushed sideways to make the valve plate turnable.

7. The cutter head of claim 4, wherein:
the valve plate is supported inside the spoke movably along a
longitudinal direction of the spoke so that the valve plate can hold the plurality

of cutter bits.



the positioning pin is noved rearward to protrude, and the pag Db@é‘l‘ﬂ%rﬁbhﬂ
i s pushed sideways to nake the valve plate turnable. 7. The cutter head of
claim4, wherein: the valve plate is supported inside the spoke novably
along a longitudinal direction of the spoke so that the valve plate can
hold the plurality of cutter bits. 28 Decenber 2006 29 0 8. The cutter
head of claim4, wherein: the valve plate is novable by extension and
contraction nmotions of a jack. 9. A bgnne? excavating machi ne conpri sing:

a cylindrical nmachine body; propelling jacks for advanci ng the nmachi ne

body; a cutter Theadie?habl¥raldim LplrWH@gjny mounted on a front portion of the
machi ne body; spokes provided radi'ally on the cutter head and each having a

bi b5 mount co_ m VAT RIPHE MeER A SHsPe Bl R BB ot vl

into the s k fIXI ng neans for fixing the cutter bits at positions at
which fro nds of the cutter bits protrude outward fromthe spoke; and
gate neans for closing the nounting hole when the cutter bit is wthdrawn
into the respective spoke wherein, the gate neans is a valve plate which
has a through-hole in alignment with the nmounting hole and all ow ng
passage 0.t he Actuinhel exdavatiag dhahirehcombesinghe cutter bit is withdrawn from
the nrmounting hole, noves while retaining the cutter bit, thereby closing
the nounting hadydindrical machine body;
propelling jacks for advancing the machine body;
a cutter head rotationally drivably mounted on a front portion of the
machine body;
spokes provided radially on the cutter head and each having a plurality of
mounting holes provided in a column;
a plurality of cutter bits mounted maovably to the mounting holes of the
- spoke and withdrawably into the spoke;
fixing means for fixing the cutter bits at positions at which front ends of
the cutter bits protrude outward from the spoke; and
gate means for closing the mounting hole when the cutter bit is
withdrawn into the respective spoke wherein, the gate means is a valve plate
which has a through-hole in alignment with the mounting hole and allowing
passage of the cutter bit, and which, when the cutter bit is withdrawn from the

mounting hole, moves while retaining the cutter bit, thereby closing the

mounting hole.

10.  The tunnel excavating machine of claim 8, wherein:




10. The tunnel excavating machine of claim9, wherein: 28 Decagbetesilfef 2096
30 a replacenent roomnearly at an atnospheric pressure, where a worker
can enter fromthe machi ne body and replace the cutter bit, is provided in
a rear portion of the spoke. 11. A cutter replacing nmethod conprising:

noving a cutter bit rearward, the cutter bit being nounted in such a

manner as to protrude froma front face ofga cutter head; then turning a

val ve plate having the cutter bit suppgrted thereon so that a cutter bit
nmounting hole formed in the cutter head is closed with the valve plate;

repl acing the %H‘etpﬁéceméntl?dorﬂtﬁ@rly%térﬁ‘étnmsgpbﬂgﬁ)?%%éﬁé,%ﬁére g hen turning

the valve plate again to bring thé new cutt the cutter bit

mounting ol ol 0 po ek 4RFMHe mARAine ) dRVPh e e GkbFbit Bk thrb Ahugr d and
?t er %I .

fixing the cu

in a rear portion of the spoke.

11. A cutter replacing method comprising:

moving a cutter bit rearward, the cutter bit being mounted in such a
manner as to protrude from a front face of a cutter head;

then turning a valve plate having the cutter bit supported thereon so
that a cutter bit mounting hole formed in the cutter head is closed with the
valve plate;

replacing the cutter bit by other cutter bit in this state;

then turning the valve plate again to bring

~ the new cuiter bit and the cutter bit mounting hole into alignment; and

then moving the cutter bit forward and fixing the cutter bit.



