- 1 SH ELD TUNNELI NG MACHI NE BACKGROUND OF THE | NVENTI ON The present

I nvention relates to a shield tunneling machine that excavates a tunnel or
other simlar passage 5 while crushing obstacles encountered during
excavation. There has heretofore been known a shield tunneling nachine
havi ng water jet spray nozzles provided-on a cutter head that is provided
at the forward end of a shield body in the excavation direction and
rotatable 10 relative to the shieLD OWWELENeXSRACHINEA tunnel or the |ike

whi |l e crushi e ring excavation [see Japanese Patent
Applicationlﬂﬁgggﬁﬁﬁgg(553@%?g§$§%ﬁ9f ) No. Hei 10-280880]. However, the
conventi onal shi elThe predemy imodnniton 15ekates hasaashiebderunnebéngol ved.
That is, be(}@iﬁﬁ' r S | abLenekt glifiih@RosskaLEet O
properly con yC)ﬁéfkyiPr§§c%g§§ %sagﬁggégyﬁg t%%tﬁe gﬁzé and§ qon??guration
of each partWkiderrcigbshing cokptachedr edcountergdeRBaLALG 6% Ca¥AF1RBACE

difficult to brealgrdrd Mdk st drd CHOMRkLoPhCEESNYLLE Bufifetithli NT
quality. SUMVARY O THE I NVENTION In view of the above-descri bed

ci r cunst ancd®achipe RFEtRa Yatee HPESBRY2Y nRRAELER PEOVdIEIHPPd@ a shiel d
tunnel i ng nmeait ter Gadad| ehat bs epkbigadedsadctre Zbrehir@ckndelby w th hi gh

tti li.t) I trollj bl e.ab ' ' I
according i TRE POEP ok et e Fatue S cRt B8eR e AR St s Ee e, To
attain e aboletidescto bete obhbeld bbdyptesercavateent tunnelovrdébea shiel d
tunnel i ng ”Hfﬂdé“%%r#f‘tf%ggfﬁgh g39b§958i9ﬁb89¥oﬁﬂﬂe§eﬁu ttﬁfin??ad provided at

the forward en ] shiel'd”body 1n the excavation direction. The cutter
head is rot #¥@reationt|seetdaparesa BafepbdPPARcazpras Unexpmingdr ay nozzl e

for sprayi ngp@bl fed¥Eorh S{kORAES N6S ARYaRbY2B68%pded on the cutter head. 35
Preferably, the ahrasive jet spray nozzle js [afiallx ngvable and t hus
capabl e of cutti nd’l%‘fﬁﬂét Jdie conventional shie d tunneling machine

15 still has a problem to be solved. That is, because the

spray nozzles are immovable, it is impossible to properly
~ control the spray nozzles according to the size and.

configuration of each particular obstacle encountered

during excavation, and hence difficult to break it into

20 easily removable pieces with high cutting gquality.
SUMMARY OF THE INVENTION

In view of the above-described circumstances, an
object of the present invention is to provide a shield
tunneling machine capable of breaking obstacles

25 effectively with high cutting quality by properly
controlling movable abrasive jet spray nozzles according
to the size and configuration of each particular obstacle.

To attain the above-described object, the present
invention provides a shield tunneling machine including a

30 shield body and a cutter head provided at the forward end
of the shield body in the excavation direction. The
cutter head is rotatable relative to¢ the shield body. An
abrasive jet spray nozzle for spraying abrasive jet water
is movably provided on the cutter head.

35 Preferably, the abrasive jet spray nozzle is
radially movable and thus capable of cutting an obstacle
encountered durilng excavation into a round shape and
further cutting it radially.



encountered during excavation into a round shape and further cutting it
radially. 2 Preferably, the abrasive jet spray nozzle is oscillatable to
allow the spray direction to be changed. Preferably, a slurry is mxed in
the abrasive jet water sprayed fromthe abrasive jet spray nozzle. 5
Preferably, a fixed spray nozzle for sprayi-ng high- pressure jet water is
provided on the cutter head, and the obstacle is searched for on the basis
of reflected sounkiredérablif- pthesabeagérewdedr syprayyecbAzlenmitshe fi xed spray

nozzle. g?ﬁliié??bigr £5,315 Bt Ry ?%axﬁiéeo + AU ok %ﬁ%&db' ts
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drive mechaphggyf gPrE%da?&%ﬁf o %‘brajsi "k NG dSzadlydraulic

cylinder_drive systenm conprising a _cylinder anda |ston rod. The drive

mechani stn for t hePEBFaEAPEYj el SpKa(l SRERH BoaledoF (RTINS Ml i ve
system COWDﬁté!sQﬁr@ jeRT V@ telt qrs @&@vqatéu efflathd it 29 Thead! | 484 MEgSani sm

for the abrasiyv spray a_rack-a on d ive s stem
Compr i i ng. GBSHRFIE ot SEATE LT By e HAP L AaISPtat Fous
radi al | y spaceHiaghrasies@urectiespivait et0ztirasyal ef o0 ilte df Bsed hepray

above- descrlbed125 abrasive jet spray nozzle. Each abrasive jet spray nozzle

S supporteﬂoﬁy da'nozzle head and radially novable. Preferably, the nozzle
head i sl®provi ded Theafiaddakbyayxnerdilegmenc beswsed Har enldasing is al ways

l'i ed h | & d 30 th
suppl i ed w E{lt%la‘ggﬂrhggl gf?fo‘%&deﬁ ©n" CH%r ot '1§ ddmerse in the

cl eaning water a novabl e , each abrasive jet spray
nozzle is swivel BEPEerPPéiYer gyltfert Rd teniare élﬂcé’%s#ﬂ/d)’i@ﬁl@p‘ﬂéy %ozzl e

i s decent er gleWablak@sReGlet! Gpray NWztAle ®d protect it.
Preferably, a drive mechanism for the abrasive jet

15 spray nozzle is a hydraulic cylinder drive system
comprising a cylinder and a piston rod.

The drive mechanism for the abrasive jet spray
nozzle may be a threaded rod drive system comprising a
drive motor and a threaded rod.

20 The drive mechanism for the abrasive jet spray
nozzle may be a rack-and-pinion drive system comprising a
drive motor, a rack and a pinion.

Preferably, at least two radially spaced abrasive
jet spray nozzles are provided as the above-described

25 abrasive jet spray nozzle. Each abrasive jet spray nozzle
is suppeorted by a nozzle head and radially movable.

Preferably, the nozzle head is provided in a
radially extending enclosure. The enclosure is always
supplied with cleaning water. The nozzle head is immersed

30 in the cleaning water and radially movable.

Preferably, each abrasive jet spray nozzle is
swivelable.

Preferably, the swivelable abrasive jet spray nozzle
is decentered with respect to the swivel axis.

35 In the shield tunneling machine according to¢ the
present invention, the abrasive jet spray nozzles are
movable relative to the cutter head. Therefore, obstacles
encountered during excavation can be broken effectively



35 In the shield tunneling machine according to the present invention, the
abrasive jet spray nozzles are novable relative to the cutter head.
Therefore, obstacles encountered during excavation can be broken
effectively - 3 wth high cutting quality by properly controlling the
novabl e abrasive jet spray nozzles according to the configuration and size
of each particular obstacle. Thus, according to the present invention,
abrasive 5 jweitrspﬁagh rmztzttﬂﬁg afea prioy i se choopéhey codheroheadg Yhele the

cutter head js ta.ted bra V. e ' ayed omthe
nozzles to (‘:nt?tvaaﬁ‘ D rll%ILaf %aé%ejé\@é T%%Jrzlzgra%%etl?hgﬁébram ve | et
spray nozzl emnaﬁ:le}um:lrcgl rmuiaolsimquleyaclabpasti/@uiér pbstacls.sprayed 10

therefrom thereby Q&ﬁa%dg$falﬁ3§¥%(%HgE%%é%éﬁ%(&ﬁ@@ht§@@pe§bpé§§@§ The

above and ot her Obj ect's, features and advantages ~of the present invention
will bec%nejmﬁ@mr@@armzlf%rﬁrq Hrevidesh oy H’é@cPPEFPBn 8Rdt hdptEt erred

embodi ment s the thigiaaf hdakels vk Oog] tHEALOA, VabbhakI9eageenpatings
drawi ngs. BRI EF DESCRI PTI ON OF ment ary

| ongi t udi nalSBEEHE D EaTon i the Qﬂz§¥ﬁﬁsﬁﬁeﬁ?Ft%ﬁn%P?ﬁ@cﬁﬁci?ﬁ 5&88rd|ng to an
enbodi ment sHaps .t h&'hpheseam:hﬂm\tem iait,a ssihva Jegt asmplmbimblqs iamcé uding a
cutter head F| . 2 |s af view of the cu ter ad Fig. 1

Fig. 3is ah? ?ﬁmﬁ§1 %&ﬂr%. SlveI?n ef tﬁg rlvg%%gcﬁanlsn1for

abr asi v&0| ettl'sqmea‘grmmzzttrw@novbreakimjga Earga ohstacle) ishowEan-st at e
where a nozzhg, }:{Wﬂvi& edoOsitioned radially outward, and (b) shows a state
where the noz ad 1's positioned radjally |nmard Fig. 4 is a diagram
showi ng i n det ai | Thfe absyeaashghart IJFI2FES nozer EUFRAIARAAAVARLREGS 2

Fig. 5is adg atiepsdswiindinvesieisnlwihe vecémnaonoeat aphbatrbftakiam ve j et
spray nozzl% Sh%wm10W1ng description of the preferred embodiments
15 thereof, taken in conjunction with the accompanying
drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a fragmentary longitudinal sectional view

of the shield tunneling machine according to an embodiment
20 of the present invention, showing a shield body including
a cutter head.

Fig. 2 is a front view of the cutter head shown in
Fig. 1.

Fig. 3 is a diagram showing a hydraulic cylinder

25 drive mechanism for abrasive Jjet spray nozzles shown in
Fig. 2, in which (a) shows a state where a nozzle head is
positioned radially outward, and {b) shows a state where
the nozzle head is positioned radially inward.

Fig. 4 is a diagram showing in detail the

30 arrangement of the nozzle head shown in Fig. 2.

Fig. 5 is a diagram showing in detail the
arrangement of the abrasive jet spray nozzle shown in
Fig. 4.

Fig. 6 is a schematic view for explaining the

35 operation of the abrasive jet spray nozzles shown in
Fig. 2.

Fig. 7 is a diagram showing a threaded rod drive
mechanism as another example of the abrasive jet spray



Fig. 4. Fig. 6 is a schematic view for explaining the 35 operation of the
abrasive jet spray nozzles shown in Fig. 2. Fig. 7 is a diagramshow ng a
threaded rod drive nmechani smas another exanple of the abrasive jet spray -
4 - nozzle drive nechanismshown in Fig. 2. Fig. 8 is a diagram show ng a
rack-and-pi nion drive nechanismas anet ke exanpl e of the abrasive jet
spray nozzle drive nechanismshow in Fig. 2. 5 Fig. 9 is an explanatory

Vi ew show ngoaizlar darigemsechand swhishiowrheimdziag e head shown in Fig. 2 is

reci procatably i rsed.i.n .cl ' s 0. i _ﬁmt' Lyl ew
show ng vari ous eggﬁﬁl gs iISo tdﬁg%%g'o\é?ﬁog{fm#giglr(%a%s@ nown | nd%'%é 2, in
which: 10 re@rhoRded: a5 anodifdheRanplevii theateanteRisiek eSPFaYi ded on

bot h si des, nbe$ARCArRleY methaMNSRHYW%in A e 2and a fixed spray nozzle
is provided on this nmounting plate; (b) shows an arrangenent in which one

nozzl e head is inE&4lr| &di8n 3BnEXRIGRATOG YpVASY SHRYVIHE a JFFRAIMMS2t e head

i's install ednofhiile® atHeendiHIY iHdaDIsHEm BEFIPI €PVES , récipredasabay
nozzl e is provided first-nmentioned nmounting plate; (c) shows an

on th
ar r angenent imﬂ?r\ﬁmdcﬁnn&?ﬁaé’jﬁ’egadﬁa s provi ded on one nmounting plate at
respecti ve positi 8dg.oppodist @ ezhemattier vdew shdwien@ Oramtais ngxaialiées and a

fixed Spray BOZHEE gyt Inifh A ddlds AN PhALE: 2 ANg, (G4 5hows an
arrangenent_ In I C nOZZc] enhea S are provi ed on on noln Ing p ate at
respectl@®e f@gdi ishows @ppeginangememniotinewhiglhszozfhike headsi ageshaft, and a

fixed SprayP&%ﬁJd‘%d o Bl |Shan r?ésﬁél:?tﬂé"ﬁ[ NBENGAEInBhAtEngFi 9. 11 is
a conceptual _view showi ng an exanple in which the abrasive jet spray nozzle
i s provi dedPdfiteel A 2 THixpd spPray PR ptt;TIY LI no Fblﬁnot her
exanpl e i n wdugh iie pAlRS @ ) efh&i ah NOZZdgéme PE O¥h 0gHiSA swevel ably and
decent er ed Vﬁdotzglree%%%cé itso :!Fnhs aﬁvfﬁevdelonaxcirlsé mounting plate, and the
15 other nozzle head is installed on the other mounting plate,
and moreover, a fixed spray nozzle is provided on the
first-mentioned mounting plate; (c) shows an arrangement
in which nozzle heads are provided on one mounting plate
at respective positions opposite each other across the
20 rotating shaft, and a fixed spray neczzle is installed on
this mounting plate; and (d) shows an arrangement in which
nozzle heads are provided on one mounting plate at
respective positions opposite each other across the
rotating shaft, and a fixed spray nozzle is installed on
25 the other mounting plate.
Fig. 11 is a conceptual view showing an example in
which the abrasive jet spray nozzle is provided swivelably.
Fig. 12 is a conceptual view showing another example
in which the abrasive jet spray nozzle is provided
30 swivelably and decentered with respect to the swivel axis.
DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the shield tunneling machine
according to the present invention will be described below
in detail with reference to the accompanying drawings.
35 Fig. 1 is a fragmentary longitudinal sectional view
of the shield tunneling machine according to an embodiment
of the present invention, showing a shield body 1 of the

shield tunneling machine. In Fig. 1, the shield body 1



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi ments of the shield tunneling
machi ne according to the present invention will be described below in
detail with reference to the acconpanying drawings. 35 Fig. 1 is a
fragnentary | ongitudinal sectional view of the shield tunneling nmachi ne
according to an enbodi nrent of the presens +nvention, show ng a shield body
1 of the shield tunneling nachine. In Fig. 1, the shield body 1 - 5

i ncl udes a<mndkndénxmiéhtmn¢rmpaﬂrDthavmggshatbtatiﬁbeshswteBd bThg 1

further incl g u rovi ded
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S

per pendi eul drig.- ﬁhet%%uﬁ%tﬁﬁrbm%ﬁ 24h§ﬁda5rFHEeP%é§F dach GRReFiBE 10 the
rotating shaftate :Ihenﬁ@uﬁkbmgmd;apgatésamdaﬁaaaeseaﬁ@wde:@hewatb .cepher bits

6, cutter bits 7,. | ead] n n r atel In this
orbodi mont - AR AR P LT ot a0 8 Srbbne ik ing IR0 RO 2509, Dot
| at eral si dqsl&teer:et)fandEaj::lnteﬁgeanbzebehheauewphapeaﬂia:all‘ae:l;yet spray

nozzles 102 Qut ¢ Gindiiidhddi LN Ik BoLh Sh0es:OLBRChcAREAGLYC | et

spray nozzle 10a to p hozzl e hea I'Ven a drive
mechani $fh (e veogting) shaft as- sHivn moupking phaytesds (8pdoh Frg 3. 20

In this em%aﬁﬁeat@ﬁﬁréaﬁt@?q@f@ésm 184¢karaphydr aul heaRihighdarsdig ve

system conprising a piston rod 12 and hydraulic cylinder 13 The nozzle
head 10 is §EE%r%EFW%#n%n€iEﬁd90$PPﬁ%PE}Ptﬁ&¥r 13 through a nounting head

14. The gyl i nder 3 161 SOMAMD @itént SCLRE OfiethBgngi pBELEOAS 135p@b0ﬂgeahe
piston ro

o Ston 00" A2 40 ASTROSEL0a o1 6N BB ey Niand GRLgl 0t pltfssure
pressur @5watreyzfYernéad 10thasngbrasive jet spray nozzles 1l0a. Cutter
bits 11 are provided at both sides of each abrasive jet
spray nozzle 1l0a to protect it.

The nozzle head 10 is driven by a drive mechanism
(drive system) 10A as shown in parts (a) and (b) of Fig. 3.

20 In this embodiment, the drive mechanism 10A is a hydraulic
cylinder drive system comprising a piston rod 12 and a
hydrauli¢ cylinder 13. The nozzle head 10 is secured to
one end of the cylinder 13 through a mounting head 14.

The cylinder 13 is movable in reciprocating directions

25 along the piston rod 12 in response to switching between
IN and QUT of oil pressure.

The piston rod 12 is formed with a passage l2a for
supplying ultra-high pressure water from the rotating
shaft 3. The passage l1l2a communicates with the abrasive

30 Jjet spray nozzles 10a through a supply pipe 12b.

The piston rod 12 has a space 1l2c for allowing the
supply pipe 12b to advance and retract in the piston rod
12, Figs. 4 and 5 show the arrangement of the nozzle head
10 in detail. The nozzle head 10 is connected with supply

35 pipes 15 for supplying a slurry {starch-based cutting
fluid). As shown in Fig. 5, abrasive jet water 1l0e is
sprayed with air 104 surrounding it. In this embodiment,

three abrasive jet spray nozzles l0a are provided for each



shaft 3. The passage 12a conmuni cates with the abrasive 30 jet spray nozzles
10a through a supply pipe 12b. The piston rod 12 has a space 12c for
allowing the supply pipe 12b to advance and retract in the piston rod 12.
Figs. 4 and 5 show the arrangenent of the nozzle head 10 in detail. The
nozzl e head 10 is connected with supply 35 pipes 15 for supplying a slurry
(starch-based cutting fluid). As shown in Fig. 5 abrasive jet water be is
sprayed wit heizld GkRUrrourad rthdovn gchédnmtsi eabbyli enFig.t L eeltadr asi ve j et
SPray nozzle fg% r rov' éﬁzfﬁgﬁho arg %ﬁége&efg %8e ggdiggmn
schenatlcally in brasi Ve Je nozzl es a are spaced in

t he radi al dinanﬁiqn1Qﬁ ﬁﬁﬁaauntqﬂ treseedl 2, 1m|w%ﬂ©h the mounting plate 4
ext ends. It fgg% { hat r br taSpray
nozzl es 10a eql%?{oﬂ\%ﬁ ed frgg\/\%ég’%dn%%z e eda;d r%dﬁé%lash%\%hﬁ/ﬁlﬂé)l%é 1,
the cutt@r rteaua@n@wﬁ atedd SR FELeDt B BAE haet PBO¥YdaddfPYe not or

17. Wile tt&crpq{dﬂléwmd’z 1. rotating, abrasive jet water 10e is 10
sprayed fromthe abrasive jet spray nozzles 10a, eby, allomnn& an
S.

t he
obstacl e 18 encouheSBeYduiTh§ i8cc dvatittth T4 tee Wél% 35 meP e
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speed, the ob acl I_n r| sha es.can adl Iy 15 Wth the
abr asi ve Jet %b 5%? e§5ﬂf ra%ﬁYﬁri f %Ed
hi gh- pr eesursaaqaated/veﬁmm tilte |a;l:>rq;m:'swe¢ bjest t spay mzizbeeakoahethbsehgl e 18

effici e”“y r%‘aﬁ‘l R AR ] E&ee&b&é‘fif{ E§5a§QE§¥P 'EBZZ' es
10a. 20 The r|ve chani sm 10A for raS|ve Jjet Spray nozzles

accordi ng t®& fféltprJé’séﬁtng R Hn ,Fgrﬁ@ter,| 0¥ MV Eng (e ARy F| g 3.
The drive v Hdz AMRs bﬂ)@ff@dlﬂ@ﬁlﬁsa§h@¥\@hl sptba,f ehkovbBlacle

rmdlflcatlons F| st Modi fi cation 5 For_exa as shown in Fig. 7, the
nozzl e head I e js‘ec‘ii‘rr@j HARGR ¢ § CEhd® g]?%f{'ﬁreaded rod 19, and a

With the abrasive jet spray nozzles 10a, because a
slurry is mixed intoc high-pressure jet water, it is
possible to cut and break the obstacle 18 efficiently
while minimizing the wear of the abrasive jet spray
nozzles 10a.

20 The drive mechanism 10A for the abrasive jet spray
nozzles 10a according to the present invention is not
limited to that shown in Fig. 3. The drive mechanism 10A
may be arranged as shown in the following modifications.
(First Modification)

25 For example, as shown in Fig. 7, the nozzle head 10
is secured to the forward end of a threaded rod 19, and a
gear 20 is provided on the rear end of the threaded rod 19.
An output shaft 22 of a drive motor 21 is meshed with the
gear 20. With this drive mechanism, the rotation of the

30 drive motor 21 is converted into forward or backward
movement of the threaded rod 19, thereby moving the nozzle
head 10 back and forth in the radial direction.

{Second Modification)

For example, as shown in parts (a) and (b) of Fig. 8,

35 the nozzle head 10 is provided with a rack 23, and a
pinion 24 that is meshed with the rack 23 is mounted on an
output shaft 26 of a drive motor 25. With this drive
mechanism, the rotation of the drive motor 25 is converted



gear 20 is provided on the rear end of the threaded rod 19. An output shaft
22 of a drive notor 21 is nmeshed wwth the gear 20. Wth this drive
mechani sm the rotation of the 30 drive notor 21 is converted into forward
or backward novenent of the threaded rod 19, thereby noving the nozzle

head 10 back and forth in the radial diregtion. (Second Modification) For
exanpl e, as shown in parts (a) and (b) of Fig. 8 35 the nozzle head 10 is
provi ded w tiht reciwd @PlbackPahllOfoPémbhet of S theshadkwiaih theredgk 23 is

d haft. 2 f 25. W.th,thi
I’le;gﬂgﬁl s(r)nn ?"hnovfrg‘% p%%?f‘%?hf‘?\ghg?ﬁi%g%%{g?n% SOEBHvéLtPtéC e %‘7‘ iaﬁ‘to f or war d

or backwar d dimesmteidn of the rack 23, thereby noving the nozzle head 10 back
and forth i | (Third Modification) 5 It is desirable
“\Np e}'ﬁj('t)(?ifl at Sﬁg the

fromthe vie protec drive nechani sm 10A from sl udge and
ot her coﬁtan1nat|@¢ kshatesieambe Zfeomecbie 1viewpotatngft profechingefhe

invention sfould MccrEs fifctoRSe26181LAgE! Qndgotﬂa§t coditathinbddical | Y
extendi ng vessel 27 is provided on the nmountin plate 4, and cl eaning

water 28 is fé}%y%h%w%ﬂ heed %ﬁeacve@épgzgo ‘Fhe Pﬁ?ls&é‘toflnt"}?@t\?-é’é‘sel 27
is held at a&shdoBd the eaPr&e§ed casapHowheiAOFLIHe beadTHAtI $simaersed in the

cleaning water_ 28  Wth the above-described arrange , Lt 1S sible 15
to prevent ?%ﬁycﬁxE%%$%ﬂ$ng??ﬁﬁi é5tﬁ§ BFPvég ﬁgeﬁaﬁ%§hFT5%2 nce, it
i s possilbl e gIrie | by amd obeahinghewatet0280isealpaysatseppideidhlin tandheo

N ze the,edgf dence f, (A UE of Loshoylcebe 95 89 hUsh B ET0: 9

r ef erence nuner es a nozzl'e cover, and reference 20 nunmeral 30
denot es sealPa3iikve mm%@$unekband|theinﬁ;zﬂﬁ bhradf dPedsi dgmexsedi ddnt, t he

nozzl e headstrd €c1L4RVh e@aggrbggh | ateral sides of the nounting plate 4 as

shown schenatlcalky |n Fig. 10. However, the L .
above descrlbed arrangement, it is possible

15 to prevent adhesion of contamination to the drive
mechanism 10A. Hence, it is possible to allow the nozzle
head 10 to reciprocate smoothly and to minimize the
incidence of failure. It should be noted that in Fig. 9
reference numeral 29 denotes a nozzle cover, and reference

20 numeral 30 denctes seal rings.

{Fourth Modification)

In the foregoing embodiment, the nozzle heads are
provided on both lateral sides of the mounting plate 4 as
shown schematically in (a) of Fig. 10. However, the .

25 present invention is not necessarily limited to the above.
The arrangement may be such that, as shown schematically
in (b) of Fig. 10, one nozzle head 10 is installed on the
mounting plate 4, and the other nozzle head 10 is
installed on the mounting plate 5, which extends in a

30 direction perpendicular to the mounting plate 4. The
arrangement may also be such that, as shown schematically
in (¢) and (d) of Fig. 10, the nozzle heads 10 are
provided at respective positions opposite each other
across the rotating shaft 3.

35 Further, the arrangement may be such that, as shown
in (a) to (¢) of Fig. 10, a fixed spray nozzle 31 that
sprays high-pressure jet water is provided on the mounting
plate 4. Sound generated by spraying of high-pressure jet



25 present invention is not necessarily limted to the above. The
arrangenent may be such that, as shown schematically in (b) of Fig. 10, one
nozzle head 10 is installed on the nounting plate 4, and the other nozzle
head 10 is installed on the nmounting plate 5, which extends in a 30
direction perpendicular to the mounting-pdate 4. The arrangenent may al so
be such that, as shown schematically in (c) and (d) of Fig. 10, the nozzle
heads 10 anyaqﬁmnﬁthltneré$pe@tspeaposbzkaSBDppoéireféacmedtﬁﬁpm acr oss

the rotatl ”%1? agl:f__s'l?’ac%% fé”ﬁré‘eé ai Ee&‘%i‘@ﬂegﬁg% Hﬁilgécﬁkﬂéh tﬂﬁlt'ﬁhi@ shown

in (a) to (c T xed g nozzl e g pressure
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of high-presgid &d£i1e Keadl 86 Sr@MmbvEal bX8EaSBha¥nBOFEke 131 o2nédnkef | ect ed
from the obstacle 18 is analyzed with an oscilloscope. In this way, the

presence’of 3Mel¥bktacl e 18 is searched for, and the nozzle heads 10 are
noved based on thQ'HeﬁSEJ_L}led)fsﬁf@y fﬁ:ﬁt@éyssl &naﬂ_hBefpﬁedldéﬂaManﬁQ e 31 may

be provided on the nting p sects plate 4
per pendi cul " t%&9§ﬂgﬁhe % ﬁﬁi ghriﬁc 8u83uP%gPﬁi?i8%ﬁo i ment the
fixed spray'pmupémﬁldﬁn&ﬁlys asedhbmnsknrca)fof ngobSDacIe 18, it may be
used for cleanin |Hﬁ t ¥o) t in the

f or egoi ng enbomlé?% é?ﬁmé%l%g{% q%ﬁ%ﬁgh?g %?%hn%éggpe$8ggge
arrangedent ¥ayipeugsed t1g $%ar©hsf0$sa§h©hﬁtaﬂlﬁléB 11t MRy hezxsedhead 10

i S nount ed cgbfiém@gﬁgﬁ?ctﬁgt@uyt@ftygggr732 The spray direction 02 of the
abrasive jet spray nozz Oa is set obliquely to the swivel axis 01 of the

nozzl e head WOLftARAitigatdeny direction 02 is changed by swiveling the 20
nozzl e head 10. Tfmmdﬁwaﬁen&hwmb@g@smh@:moﬂmmeﬁtgthéZnoIhg:eabr asi ve

jet spray nqzzle 10p 13, oY) dpfy 544¥E180 ¥nand9gReRNeLe ntly! B GEPEC tO

15 follows As shown in Fig. 11, the nozzle head 10 is
mounted on a hydraulic rotary actuatoer 32. The spray
direction 02 of the abrasive Jet spray nozzle 1lCa is set
obliquely to the swivel axis 0Ol of the nozzle head 10.
Thus, the spray direction 02 1s changed by swiveling the

20 nozzle head 10. The arrangement may be as shown in
Fig. 12. The abrasive jet spray nozzle 10a is provided
swivelably and decentered with respect to the swivel axis
01 to broaden the range of changes in the spray direction
02 of abrasive Jjet water.

25 The shield tunneling machine according to the
present invention is usable in construction work of
tunnels, underground passages, trenches for piping of
water supply and sewerage systems, manholes, and so forth.

It should be noted that the present invention is not

30 limited te the foregoing embodiments but can be modified

in a variety of ways.



01 to broaden the range of changes in the spray direction 02 of abrasive
jet water. 25 The shield tunneling machi ne according to the present
invention is usable in construction work of tunnels, underground passages,
trenches for piping of water supply and sewerage systens, nanholes, and so
forth. It should be noted that the presentginvention is not 30 limted to

the foregoi ng enbodi nents but can be nodified in a variety of ways. - 9 -
VWHAT | S CLAINﬁ@Ah8151CLﬁIg@bet@ tunneling machi ne conprising: a shield
body; a cutter, head gg at a.forwar end of sajd. shield body in an
excavat i on dIHECtIO cHHPBRLARE A BRIRY TUREL ™ T el ative to said

shi el d body; and anaabhasﬂdebpéy,spray nozzl e for spraying abrasive jet

wat er, said abra3|v% kgktggrﬁgaao§gg@lggan%%gﬁnﬂﬁﬁﬁggﬁﬁﬁgébraqsqH{ter head

for rotatlonal novenent w th sard® cutter sive jet spray
nozzl e being Shadlsl BPdyodabPe PECAVRFEoRodEEPRTERRt eFabRaRtReT Aasd el d

tunneling rracmelelgaqwa@arbget QeQ.'anlmelto %Qﬁebnléﬁddb@@?ﬂsiﬂ@ Jet spray
nozzle is,oscillatahle |re Pn to be cha

O G Lonmert ng o abtaedyeolsl BEEY SRS B Srtu i RS de ed i
the abrasive jjt wetterr, W@@rrammesaed aprasl nezgpée kpiay formated. A

shi el d tunneling gﬁmdﬂlﬁct%%c@fe@dn&otror%awbﬁal WBGERERL 3  txegdh spray nozzle
for spraying rNé% pressure water as_a rovi ded on said cutter head,

and an obst act¥ e dtfft%r 8% Gaiicy alé’%é‘é\}é{?l éﬁ |§p§é&r’8ﬂéﬂl?ol?ew a basis
of reflected sadichldfy Mafajlreessilaijvet twakedld sptagedhéadm said fixed spray

nozzle. o A el eld il uanehing. mening geeqrbngctscalaymd cadiercin a 1 xed

spray nozzle for sprayin frOVI éd on said
cutter head, s‘&i%FEHB(e%FlC%@Wﬁid&ezIJ@tbépﬁ@Yaﬂpaﬁéﬁl éSfeﬁcza bakbe it ter

bits allow a spray direction to be changed.
3. A shield tunneling machine according to claim 1,
wherein a slurry is mixed in the abrasive jet water
sprayed from said abrasive Jjet spray nozzle.
4, A shield tunneling machine according to claim 1,
wherein a fixed spréy nozzle for spraying high-pressure
water as a jet is provided on said cutter head, and an
obstacle encountered during excavation is searched for on
a basis of reflected sound of high-pressure Jjet water
sprayed from said fixed spray nozzle.
5. A shield tunneling machine according to claim 1,
wherein a fixed spray nozzle for spraying high-pressure
water as a jet is provided on said cutter head, said fixed
spray nozzle being alignable for cleaning cutter bits
provided on said cutter head.
6. A shield tunneling machine according to claim 1,
wherein cutter bits are provided in proximity to said
abrasive jet spray nozzle to protect it.
7. A shield tunneling machine according to claim 1,
wherein said abrasive Jjet spray nozzle is radially
moveable by means of a hydraulic cylinder drive system
comprising a cylinder and a pist®n rod.
8. A shield tunneling machine according to claim 1,
wherein said abrasive jet spray nozzle is radially
moveable by means of a threaded rod drive system



provi ded on said cutter head. 6. A shield tunneling machine according to
claim1l, wherein cutter bits are provided in proximty to said abrasive
jet spray nozzle to protect it. 7. A shield tunneling machine according to
claim1l1l, wherein said abrasive jet spray nozzle is radially noveable by
means of a hydraulic cylinder drive systemgconprising a cylinder and a

pi ston rod. 8. A shield tunneling machine according to claim1l, wherein
said abrasive b@fnp&ﬁ.fs&hgnﬁzahseviasmbﬁdkaéﬁd/ a NEwesdd el byodeans of a threaded

rod drive system 10 ive Qr_and a hre ded rad. .9. A
shield tunneliﬁg nacﬁlﬁgRS%éoggnﬂag%ngéT%i e A di éﬂﬁﬁﬁh§Vve j et
spray nozzl e |whea@ualBﬁldnehﬁabngebyeheapsamfnazzh@klswmh¢nmﬂbm drlve
system Compr! alRRaB1d e Bl ordal 6KAMMAPRINE M I St

rasive jet spray

tunnel i ng machine according to claim1 n sai d
nozzl e conpri sESTRE LSRG 2 A% VeaBPEPEY §p§%§H #htadi R }@®R - spray nozzl es,

each of said aly.asi !esm@tldslﬁﬁﬁﬁemﬂﬁ§|ﬁﬁclbﬂhélgaw&gad:@kpamﬂqzz' e head
and radially rmoyable. 11. qs hi el.d tunnelin e according to claim

Sher e sai 4 noYare il FserTe PR SPRRH B PGLS AOUREF B oLl (RARe.
sai d encl osur e thei ndipeilyt ispraaieldy abgappieedeni shrayeantnewnat each saf d

nozzl e head baé%% ‘EB?&%i&E“ﬂéﬁ/édﬂ%ﬁ?ﬁquastﬂélﬁ%eéﬂ %gﬁeﬁahed radially

novable. 12. A d tunnel'i'ng nachi_ne accordi ng rein said
abr asive j et sﬁ?%ﬁF%fﬁaéj iand \fiasdiedg e moY8P1R - shi el d tunnel i ng machi ne
according to clmm 1k ahield, ﬂﬂmareellngsaadhabéascuerumgsmaalmiziloe, i's
decentered W tw e ecstalc? r?ozsﬂev%eaa 1% provided in a radially
extending enclosure, said enclosure being operationally
supplied with cleaning water, said nozzle head being
operationally immersed in the cleaning water and radially
movable. '
12. A shield tunneling machine according to claim 3,
wherein said abrasive jet spray nozzle is swivelable.
13. A shield tunneling machine according to claim 11 or
12, wherein said abrasive jet spray nozzle is decentered

with respect to a swivel axis.



