SHI ELD TUNNELI NG MACHI NE BACKGROUND OF THE | NVENTI ON The present invention
relates to a shield tunneling machine that excavates a tunnel or other
simlar passage 5 while crushing obstacl es encountered during excavation.
There has heretofore been known a shield tunneling nachine having water
jet spray nozzles provided on a cutter head that is provided at the
forward end of a shield body in the exCavalion direction and rotatable 10
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15 still has a problem t¢o be solved. That 1s, 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 quality.

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 Jjet 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 during excavation into a round shape and
further cutting it radially.



encountered during excavation into a round shape and further cutting it
radially. 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 spraying high- pressure jet water is
provided on the cutter head, and the obstatle is searched for on the basis

of reflected soun of high-pressure jet water sprayed fromthe fixed spray
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the abrasive jet spray nozzle to protect it.
Preferably, a drive mechanism for the abrasive jet

15 spray nozzle 1s 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 jJet spray nozzle. Each abrasive jet spray nozzle
is supported by a nozzle head and radially movable.

Preferably, the nozzle head 1s provided in a
radially extending enclosure. The enclosure is always
supplied with cleaning water. The nozzle head is immersed

30 1in 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 Jjet spray nozzles are
movable relative to the cutter head. Therefore, obstacles
encountered during excavation can be broken effectively



'35 In the shield tunnel i ng machi ne 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 with high cutting quality by properly controlling the novable
abrasive jet spray nozzles according to the configuration and size of each
particul ar obstacle. Thus, according to‘t%e'present i nvention, abrasive 5
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in of the present invention will become more apparent from
the following 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 jet 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 1s 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 1s 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 diagram show ng a
threaded rod drive nechanismas another exanple of the abrasive jet spray
nozzl e drive nechanismshown in Fig. 2. Fig. 8 is a diagram showi ng a
rack-and-pi nion drive nmechanismas another exanple of the abrasive jet
spray nozzle drive mechanismshown in Fig. 2. 5 Fig. 9 is an explanatory

Vi ew showi n r Ln,which the.,nozzle head shown in Fig. 2 is
reci procat a%@Z?éméggggEﬁécgﬁgﬁﬁwna%pe}_n éﬁ'& 0 is a schematic view
showi ng various ex&hpl e8 isfatdﬁagngnushoﬁingzaleahkadadsbdwndn1dig?ifL in
which: 10 ( ag.a | L.gh z s ar.e provided on
bot h sides,lﬁ%?%§§¥$ee ?,aggegﬁgEﬁ%ﬂﬁ?}ﬁgb%ngge?L§ﬁ§i§%iiéﬁj%ﬁﬁ%&_nozzle
i s provi ded BPZEhe sArjvanmeahaplameshown dnokd.gan2arrangenent in which one
nozzle hegad is insgpkl € | I L e
head is ?nstalled dﬂétﬁg g?hgg %%E%??%g?ﬁ?a?%?" gﬁgw%ggeége%%qgnﬁﬁﬁééh%pray
nozzl e is privivRichnthaenozzle: baad: shawa ABuFiong 2pis aeqlpraganabln

arrangenent imerbé8hino8z&8nRgdGaee . provi ded on one nounting plate at
te each other across the 20 rotating shaft, and

respective positi Oppos|
a foed sprgy noz§£§g1sf$n£§aTI%EP%WPt%ﬂiEiﬁﬂuﬂPPﬂﬁnﬁlHP€?°&ﬁde6&PP§ﬁﬁMs an
arrangenent ofhi viheé chayoozzbg headﬁeahﬁaagoyhdﬁd Qﬁ @n@,nqqnuhngﬂg??{ﬁ aé
respectihye positi 0pPPOS] t her rpss t otating shaft, and a
fixgd s%pay ﬁ%¥z+é§§§ ?ﬁs?%%gggg%ﬁngzgntﬁggg thzﬁgﬁn@Fﬁ§spl %. Fig. 11 is
a concept ualpxgeidedoon npoth ské&pl.ereapewhiivblyheofbprmei weunadtispr ay
nozzl e I's provided Vel | L$.a4G0 e oW ng

Praced anave ?%ngsggﬁeﬁjaé?ie 160BEERL Rl gmpvxxalm
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swivel abl y dRPRietegielaten {B) rebpwet apoarnangameat 4m which one

nozzle head is installed on one 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 nozzle 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 7

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 secticnal 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 nent of the presen invention showi ng a shield body
| of the shield tunneling machine. In Fig."~ the shield body | -
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15 nozzle head 10 has abrasive jet spray nozzles 10a. Cutter
bits 11 are provided at both sides of each abrasive jet
spray nozzle 10a 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
hydraulic 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 OUT of oil pressure.

The piston rod 12 is formed with a passage 12a 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 10e is
sprayed with air 104 surrounding it. In this embodiment,
three abrasive jet spray nozzles 10a are provided for each



supplying ultra-high pressure water fromthe rotating shaft 3. The passage
12a conmmuni cates with the abrasive 30 jet spray nozzles 10a through a
supply pipe 12b. The piston rod 12 has a space 12c for allowi ng the supply
pi pe 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 nozzle head 10 is
connected with supply 35 pipes 15 for supBIylng a slurry (starch-based
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15 With the abrasive jet spray nozzles 10a, because a
slurry is mixed into 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 1l0a.

20 The drive mechanism 10A for the abrasive jet spray
nozzles l0a 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
1s 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



I's secured to the forward end of a threaded rod 19, and a gear 20 is
provided on the rear and of the threaded rod 19. An output shaft 22 of a
drive motor 21 is nmeshed with the gear 20. Wth this drive nechanism 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 direction. (Secona Mbdi fication) For exanple, as

, 35 the nozzle head 10 is provided

shown in par and (b) of Fig
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With the above-described arrangement, it is possible

15 +to prevent adhesion of contamination to the drive
mechanism 10A. Hence, it 1s 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 denotes 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 1s 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 (c¢) of Fig. 10, a fixed spray nozzle 31 that
sprays high-pressure jet water 1s provided on the mounting
plate 4. Sound generated by spraying of high-pressure jet



" shown schematically in (a) of Fig. 10. However, the 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 an
the nmounting plate 4, and the other nozzle head 10 is installed on the
mounting plate 5, which extends In a 30 direction perpendicular to the
nmounting plate 4. The arrangenent may al 80 be such that, as shown
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swi vel ing the 20 ndktheughalinltheTheragringesmhoddmentic the slozmle n Fig.

12. The abragiygs) 8b aPE¥aB?a311§ hBFabiel’ Hed@drangement may be as

15 follows. As shown in ¥ilg. 11, the nozzle head 10 is
mounted on a hydraulic rotary actuator 32. The spray
directlion 02 of the abrasive jet spray nozzle 10a is set
obliguely to the swivel axis Ol of the nozzle head 10.
Thus, the spray direction 02 1is 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 Jet 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 1limited to the foregoing embodiments but can be modified

in a variety of ways.



" swvel ably and decentered with respect to the swivel axis 01 to broaden
the range of changes in the spray direction 02 of abrasive jet water. 25
The shield tunneling nachine according to the present invention is usable
in construction work of tunnels, underground passages, trenches for piping
of water supply and sewerage systens, manholes, and so forth. It should be
noted that the present invention I's not~ 30" linited to the foregogfileD
enbodi ments but can be npdified in a variety of ways. 9 WHAT IS

1S: 1. A shi"AF (IR nebrMERalBine comprising: a shield body; a cutter head

provided at B forvmrshiend ofushelingmetHihed¥oinpragiaycavati on direction,
said cutter head beung ggtﬁtgb[e relative to sald shield body; and an

abr asive jet spray'i $E% £ 27 £hraying abrasive jet water, said abrasi ve
jet spray nozzl e keicuttewadhtyd provided ab safdrwedirticenllicad. saidA shield

i oy di ' rei aid asi,ve jet spray
hozate o 1 SiLATs B8 h0%ah ekbRilkion HIEEETORE, Bad¥, Tt Hesd
encount er ed RRENMgrotxtabdei valagiva thi enddt shdellidnpodychiamel according to
claim1, ~wherein a%?iéba?@éﬁgvfei: eépfAQ%aﬁ{o?Qiél fokssﬁgﬁ’%éﬁt aB8sliGe al I ow

a spray direction to be changed. 4. hield tunnel i I ne according to
claiml1, whiskivatexs) $aid| abrpgive; dethePEBYasPEEiecbeimgemovallyyed from

sai d abrasi yergetde@rey s8fdl eutber hehie!l d tunnelin%_nﬁchine accordi?g to
CLALm 2 e el Rt Bl TEE e R R o B e SR S o
on a basi s ofhemdirecsatidsabrdstbe heghspregshoeziet ivatradiannay abvapas sai d
fixed Sprayanﬂfzéﬂﬁé capable of cutting an obstacle encountered during
excavation,
3. A shield tunneling machine according to claim 1,
wherein said abrasive jet spray nozzle is oscillatable to
allow a spray direction to be changed.
4. A shield tunneling machine according to claim 1,
wherein a slurry is mixed in the abrasive jet water
sprayed from said abrasive jet spray nozzle.
5. A shield tunneling machine according to claim 2,
wherein a fixed spray nozzle for spraying high-pressure
jet water 1s provided on said cutter head, and said
obstacle is searched for on a basis of reflected sound of
high-pressure jet water sprayed from sald fixed spray
nezzle.
6. A shield tunneling machine according to claim 2,
wherein a fixed spray nozzle for spraying high-pressure
jet water is provided on said cutter head, said fixed
spray nozzle being used for cleaning cutter bits provided
on said cutter head.
7. A shield tunneling machine according to claim 2,
wherein cutter bits are provided in proximity to said
abrasive jet spray nozzle to protect it.
8. A shield tunneling machine according to claim 2,
wherein a drive mechanism for said abrasive jet spray
nozzle is a hydraulic cylinder drive system comprising a
cylinder and a piston rod.
9. A shield tunneling machine according to claim 2,



6. A shield tunneling machine according to claim2, wherein a fixed spray
n022l e for spraying high-pressure jet water is provided on said cutter
head, said fixed spray nozzle being used for cleaning cutter bits provided
on said cutter head. 7. A shield tunneling machine according to claim 2,
wherein cutter bits are provided in proximty to said abrasive jet spray
nozzle to protect it. 8 A shield tunné1ﬂﬁb “machi ne according to claim 2,
wherein a dr|v gfchanlsn1for sai d abrasive jet spray nozzle is a

hydraulic cyft n 3 JELEgPerPaBAsm EPFgsgid. abragdves ket SRE&%n rod. 9.

A shield tumezzg DEChi tRreadeddrog GeivkaisksRemr cbmipra¥amny a arfve/e
mechani sm f qr ald & rastﬁgﬁéﬁ%Psgﬂay nozzle is a threaded rod drive

systen1conhW§ v a threaded rod. 10. A shield tunneling
machi ne acco&MJrm;Acshieﬂdnﬁhnn@mmmglmaehﬂnévacaaruanQSbee&aimid abr asi ve
j et spray Sya =Pl ALON [ y npr, drive
notor, a rac % p|%£f85 @Qshgﬁgﬁﬁngkté§%§|?ﬁ%gkég (ékﬁﬁrng to

claim 2, vWRQ%#lﬁsb@daabaabraedfEinépnaﬁrmugzB¥S¢@mpnmm@$imdﬂgeast t wo
radlally spaged,ebheebye 5e£aégrgxdngz§kﬁioﬁeach of said abrasive jet
y a

spray nozzl es being supporte nozz ead and radially novable. 12. A
shiel d tunnetk ng dhcthirldctenrehing onachine 1accorAdngi fosalaimo2zl e head

i's provided ynerei@dsaidYabsxbepdi fpateaﬁi-ai}uaszz&al oRpTHRY %tbqle%tal way's
i d nozzl e head being Immersed I n

supplied wth cle wat er

cleanlng\Mn¥ﬁ°aﬁﬂi£ f&l??aﬁﬁQaBPEasige AF§hFEFEYtBHﬁéﬁFﬁg PRk m§

according tcsa:tcmmﬁasiwaeuet Nspay ABLB3e¥CbEpehgSBURPOIALd DY @

swi vel abl e. ﬁégﬁle nneI nachln accordlng to claim1l or 12,
S

n
wher ei n saufeﬂf i Vel pF%? ﬁg}¥lﬁ° § d8centered with respect to a
swi vel axis.1l2. A shield tunneling machine according to claim 11,

wherein said nozzle head is provided in a radially
extending enclosure, saild enclosure being always supplied
with cleaning water, said nozzle head being immersed in
the cleaning water and radially movable.

13. A shield tunneling machine according to claim 3,
wherein said abrasive jet spray nozzle 1s swivelable.

14. A shield tunneling machine according to claim 11 or
12, wherein said abrasive jet spray nozzle is decentered
with respect to a swivel axis.



