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Description

[0001] The entire disclosure of Japanese Patent Ap-
plication No. 2001-355520 filed on November 21, 2001
including specification, claims, drawings and summary
is incorporated herein by reference in its entirety.

Technical Field

[0002] This invention relates to a tunnel excavating
machine, which is advanced to excavate a tunnel of a
predetermined length, and in which its constituent mem-
bers such as a cutter head can then be separated and
recovered, and a method for recovering the tunnel ex-
cavating machine. The tunnel excavating machine and
the method for its recovery are preferred when used for
a pressurized slurry shield excavator, a muddy water
shield excavator, and a tunnel boring machine.

Background Art

[0003] Generally, a shield excavator is constituted in
the following manner: A disk-shaped cutter head is ro-
tatably mounted in a front portion of a cylindrical exca-
vating machine body, and the cutter head is supported
rotationally drivably by a drive device. Many shield jacks
for advancing the excavating machine body are mount-
ed in a rear portion of the excavating machine body. An
erector device for assembling segments onto an inner
wall surface of an existing tunnel is also mounted in the
rear portion of the excavating machine body. Thus,
when the shield jacks are stretched, with the cutter head
being rotated by the drive device, the excavating ma-
chine body receives a reaction force from the estab-
lished segments and moves forward. Many cutter bits
attached to the cutter head excavate strata lying ahead,
and can form a tunnel thereby.

[0004] In constructing a tunnel in a predetermined
construction zone with the use of such a shield excava-
tor, a departure pit and an arrival pit are dug beforehand
in this construction zone. Then, the shield excavator is
carried into the departure pit. With a reaction force for
excavation being secured within the departure pit, the
shield excavator penetrates the strata lying ahead
through a departure port, performing excavation along
a predetermined route. When the shield excavator ad-
vances up to the arrival pit, a shield body is pulled out
into the arrival pit through an arrival port formed before-
hand. In this manner, a tunnel is constructed at a pre-
determined location.

[0005] The shield excavator, which has arrived at the
arrival pit, is disassembled, and a part of it is recovered
above ground. The remainder is buried in the ground as
a structure for the tunnel. That is, the shield excavator
is treated in the following manner: First, the cutter head
is divided into small pieces by a gas cutter, and lifted
above ground by a crane through the arrival pit. Then,
the drive device for the cutter head is similarly divided
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into small pieces by a gas cutter, and lifted above ground
by the crane through the arrival pit. The shield jacks, the
erector device, and a soil discharge device (a slurry feed
pipe, a slurry discharge pipe, an agitator, a screw con-
veyor, etc.) are detached from the excavator body, and
lifted above ground by the crane. The remaining exca-
vator body is connected to the existing segments and
buried as a part of the tunnel structure. In this case, the
cutter head and the drive device therefor, which have
been divided and lifted above ground, are handled as
scrap.

[0006] From the aspect of the global environment, in-
creases in industrial wastes due to scrapping of tunnel
excavating machines are not desirable. From the aspect
of the manufacturing cost of tunnel excavating ma-
chines, too, scrapping only from excavation work in a
single construction zone is inefficient, and the materials
for scrap should be reused.

Summary of the Invention

[0007] The presentinvention has been accomplished
in an attempt to solve the above-mentioned problems.
Its object is to provide a tunnel excavating machine
which has made it possible to recover a structure con-
stituting the excavating machine and reuse it, and a
method for recovering the tunnel excavating machine.
[0008] As described in detail in the embodiment, ac-
cording to a first aspect of the invention, there is provid-
ed a tunnel excavating machine having a rotationally
drivable cutter head mounted in a front portion of a cy-
lindrical excavating machine body, wherein the cutter
head is composed of a divisible central portion, and an
outer peripheral portion located on an outer peripheral
side of the central portion, and is provided with a con-
necting pin which moves from one of to the other of the
central portion and the outer peripheral portion to con-
nect the central portion and the outer peripheral portion.
[0009] Therefore, after tunnel excavation work is
completed, the outer peripheral portion of the cutter
head is separated from the excavating machine body,
and is easily recovered above ground, so that it can be
reused. Since the recovered member is reused in the
excavating machine, the manufacturing cost of the ex-
cavating machine can be decreased, and increases in
industrial wastes due to scrapping can be curtailed.
Moreover, simply by moving the connecting pin, en-
gagement between the central portion and the outer pe-
ripheral portion can be released, and the outer periph-
eral portion can be easily detached. Furthermore, the
operator does not need to enter a working place during
this disassembly operation, so that the operability and
the safety of the operation can be improved.

[0010] In the tunnel excavating machine, the central
portion of the cutter head may be connected to an output
transmission portion of a cutter drive device loaded in
the excavating machine body, and the outer peripheral
portion may be detachably connected to the central por-
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tion. Thus, the central portion and the outer peripheral
portion can be easily attached and detached, so that the
operability of the cutter head recovery operation can be
improved.

[0011] In the tunnel excavating machine, the cutter
drive device may have rotors rotatably supported in the
front portion of the excavating machine body, and a drive
motor for driving the rotors, and the central portion may
be connected to the rotors via an intermediate beam ex-
tending forward from the rotors. Thus, the removal op-
erations for the central portion and the outer peripheral
portion are performed in the chamber, so that the oper-
ability of the cutter head recovery operation can be im-
proved.

[0012] In the tunnel excavating machine, a connect-
ing jack having the connecting pin may be provided in
one of the central portion and the outer peripheral por-
tion of the cutter head, and a connecting block having a
connecting hole, which the connecting pin can be en-
gaged with and disengaged from, may be provided in
the other of the central portion and the outer peripheral
portion. Thus, the operability of the operations for at-
taching and detaching the central portion and the outer
peripheral portion of the cutter head can be improved
using a simple construction.

[0013] Inthe tunnel excavating machine, driving force
transmission paths may be provided in an interior of the
connecting pin. Thus, the operations for removing the
hydraulic pipings, electric power cables, etc. can be per-
formed simultaneously and easily during the operation
for detaching the outer peripheral portion from the cen-
tral portion of the cutter head. Hence, the operability can
be improved.

[0014] In the tunnel excavating machine, the driving
force transmission paths may be hydraulic pipings for
driving a copy cutter mounted on the outer peripheral
portion of the cutter head. Thus, simplification of the
structure and improvement of the operability can be
achieved.

[0015] In the tunnel excavating machine, the central
portion of the cutter head may be constituted by having
front end portions of a plurality of radial spokes connect-
ed by a connecting ring, and the outer peripheral portion
of the cutter head may be constituted by having front
end portions of a plurality of radial spokes connected by
aconnectingring. Thus, the central portion and the outer
peripheral portion of the cutter head can each be con-
stituted of a simple construction with the use of the
spokes and connecting ring, and can be rendered light-
weight thereby. The cutter head central portion and the
cutter head outer peripheral portion can be connected
easily by a connecting pin, and the operation for detach-
ing the cutter head outer peripheral portion from the cut-
ter head central portion can be performed easily.
[0016] Inthe tunnel excavating machine, the outer pe-
ripheral portion of the cutter head may be in the shape
of a ring, and may be separable into a plurality of parts
in a circumferential direction. Thus, the member to be

10

15

20

25

30

35

40

45

50

55

recovered is rendered lightweight, so that the recovery
operation can be facilitated, and the departure pit and
the arrival pit can be formed with small diameters.
[0017] According to a second aspect of the invention,
there is provided a method for recovering a tunnel ex-
cavating machine, comprising:

advancing the tunnel excavating machine to exca-
vate a tunnel;

stopping rotation of a cutter head when the cutter
head penetrates into an arrival pit;

then extracting a connecting pin connecting a cutter
head central portion and a cutter head outer periph-
eral portion;

separating the cutter head outer peripheral portion
from the cutter head central portion;

recovering the cutter head outer peripheral portion
above ground through the arrival pit;

then separating the cutter head central portion from
an excavating machine body; and

recovering the cutter head central portion above
ground through the arrival pit.

[0018] Thus, the cutter head can be easily disassem-
bled and recovered, so that it can be reused. Since the
recovered cutter head is reused in an excavating ma-
chine, the manufacturing cost of the excavating ma-
chine can be decreased, and increases in industrial
wastes due to scrapping can be curtailed.

[0019] According to a third aspect of the invention,
there is provided a method for recovering a tunnel ex-
cavating machine, comprising:

advancing the tunnel excavating machine to exca-
vate a tunnel for a predetermined distance by a cut-
ter head rotated;

then stopping rotation of the cutter head;

then extracting a connecting pin connecting a cutter
head central portion and a cutter head outer periph-
eral portion;

separating the cutter head outer peripheral portion
from the cutter head central portion;

then separating the cutter head central portion and
a cutter drive device from an excavating machine
body;

recovering the cutter head central portion and the
cutter drive device above ground through the exist-
ing tunnel lying behind; and

then recovering the cutter head outer peripheral
portion above ground through the existing tunnel ly-
ing behind.

[0020] Thus, the cutter head can be easily disassem-
bled and recovered, so that it can be reused. Since the
recovered cutter head is reused in an excavating ma-
chine, the manufacturing cost of the excavating ma-
chine can be decreased, and increases in industrial
wastes due to scrapping can be curtailed.
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Brief Description of the Drawings

[0021] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not limitative of
the present invention, and wherein:

FIG. 1is afrontview of a tunnel excavating machine
according to an embodiment of the present inven-
tion; FIG. 2 is a schematic sectional view of the tun-
nel excavating machine according to the present
embodiment; FIG. 3 is a front view of a cutter head
central portion; FIG. 4 is a front view of a cutter head
outer peripheral portion; FIG. 5 is a sectional view
showing a junction between the cutter head central
portion and the cutter head outer peripheral portion;
FIG. 6 is a sectional view of a connecting jack; and
FIG. 7 is a schematic sectional view of the tunnel
excavating machine from which the cutter head out-
er peripheral portion has been detached.

Detailed Description

[0022] An embodiment of the present invention will
now be described in detail with reference to the accom-
panying drawings, which in no way limit the invention.
[0023] FIG. 1 shows afront of a tunnel excavating ma-
chine according to the embodiment of the present in-
vention. FIG. 2 schematically shows a section of the tun-
nel excavating machine according to the present em-
bodiment. FIG. 3 shows a front of a cutter head central
portion. FIG. 4 shows a front of a cutter head outer pe-
ripheral portion. FIG. 5 shows a section of a junction be-
tween the cutter head central portion and the cutter head
outer peripheral portion. FIG. 6 shows a section of a con-
necting jack. FIG. 7 schematically shows a section of
the tunnel excavating machine from which the cutter
head outer peripheral portion has been detached.
[0024] In the tunnel excavating machine of the
present embodiment, as shown in FIGS. 1 and 2, an ex-
cavating machine body 11 is cylindrical in shape, and
has a pair of bulkheads 12 and 13 formed in a fore-and-
aft direction in a front end portion thereof. A drive com-
ponent body 14 is fixed to flanges of the bulkheads 12,
13 by a plurality of bolts 15. A rotating ring 17, as an
output transmission portion, is rotatably supported by
the drive component body 14 via a bearing 16. A ring
gear 18 is joined to a rear part of the rotating ring 17,
while a cutter head 20 is mounted on a front part of the
rotating ring 17 via a plurality of intermediate beams 19.
A plurality of drive motors 21 are mounted on the drive
component body 14, and drive gears 22 of the respec-
tive drive motors 21 are in mesh with the ring gear 18,
so that a cutter drive device is constituted by the drive
component body 14, rotating ring 17, ring gear 18, and
drive motors 21. Hence, when the drive motor 21 is driv-
en to drive the drive gear 22 rotationally, the cutter head
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20 can be rotated via the ring gear 18 and the rotating
ring 17.

[0025] The cutter head 20 is composed of a cutter
head central portion 23, and a cutter head outer periph-
eral portion 24 located on an outer peripheral side of the
cutter head central portion 23. The cutter head central
portion 23 is detachable from the rotating ring 17, while
the cutter head outer peripheral portion 24 is detachable
from the cutter head central portion 23. That is, as
shown in FIGS. 2 and 3, the cutter head central portion
23 comprises a plurality of spokes 26 connected radially
to a central portion 25, and a plurality of connecting rings
27 connected to front end portions of the respective
spokes 26. A fishtail bit 28 is fixed to the central portion
25, many forward bits 29 are fixed to the front surfaces
of the spokes 26, and cutter bits 30 are fixed to both
sides of the spokes 26. A rotary joint 31 is mounted on
a central portion of the drive component body 14 to ac-
commodate electrical wiring, hydraulic hoses, etc. in its
interior.

[0026] As shown in FIGS. 2 and 4, on the other hand,
the cutter head outer peripheral portion 24 is constituted
in the following manner: A plurality of spokes 32, corre-
sponding to the respective spokes 26 of the cutter head
central portion 23, are connected to a connecting ring
33. Many forward bits 34 are fixed to the front surfaces
of the spokes 32, and cutter bits 35 are fixed to both
sides of the spokes 32. A copy cutter 36 can appear at
or disappear from the front end of one or two of the
spokes 32 by the action of a hydraulic jack 37. The cutter
head outer peripheral portion 24 takes a ring shape, but
may be separable into a plurality of parts in the circum-
ferential direction in consideration of ease of recovery.
[0027] In the cutter head central portion 23, the inter-
mediate beams 19 can be attached to and detached
from the rotating ring 17 using a plurality of bolts 38. The
cutter head outer peripheral portion 24 can be attached
to and detached from the cutter head central portion 23
using connecting pins 45 to be described later.

[0028] That s, in the cutter head central portion 23, a
hydraulic connecting jack 40 is fixed to an end plate 39
at the front end of each spoke 26 by fixing bolts 41. The
connecting jack 40 comprises a hollow casing 42 in
which a drive rod 43 and a piston 44 integral therewith
are movably fitted, and the connecting pin 45 is formed
integrally at the front end of the drive rod 43, as shown
in FIGS. 2, 5 and 6. An oil pressure is fed to and dis-
charged from oil compartments 42a, 42b within the cas-
ing 42 which are defined by the piston 44, whereby the
connecting pin 45 can be caused to appear and disap-
pear. In the cutter head outer peripheral portion 24, a
connecting block 47 is fixed to an end plate 46 at the
base end of each spoke 32 by fixing bolts (not shown).
The connecting block 47 has a connecting hole 48
formed therein which the connecting pin 45 of the con-
necting jack 40 can be engaged with and disengaged
from.

[0029] A plurality of through-holes 49, 50, as driving
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force transmission paths, are provided within the drive
rod 43 and the connecting pin 45. These through-holes
49, 50 are hydraulic pipings for driving the hydraulic jack
37 for the copy cutter 36, and have piping ports 49a,
49b, 50a, 50b provided at the ends thereof. Connecting
hoses 51a, 51b, 52a, 52b for feeding and discharging
an oil pressure can be connected to the piping ports 49a,
49b, 50a, 50b. In the present embodiment, the plurality
of through-holes 49, 50 formed within the drive rod 43
and the connecting pin 45 serve as the hydraulic pipings
for the copy cutter 36, but may be used as disposition
holes for electric power cables of various sensors, or as
feed holes for slurry fluidifying additives.

[0030] As shown in FIGS. 1 and 2, moreover, a plu-
rality of shield jacks 53 are arranged parallel along the
circumferential direction in a rear portion of the excavat-
ing machine body 11. The shield jacks 53 are stretched
rearward in an excavating direction and pressed against
existing segments S which have been constructed on
the inner peripheral surface of an excavated tunnel. As
a result, the excavating machine body 11 can be moved
forward by a reaction force generated thereby. Further-
more, a swivel ring 55 is supported, in a pivotally driva-
ble manner, at a rear end portion of the excavating ma-
chine body 11 via a support bracket 54, and an erector
device 56 for assembling segments S is mounted on the
swivel ring 55.

[0031] A plurality of tail packings 57, which intimately
contact the outer peripheral surfaces of the existing seg-
ments S, are attached to the rear end portion of the ex-
cavating machine body 11 to prevent muck and muddy
water from invading the interior of the excavating ma-
chine body 11. A screw conveyor 58 is disposed in a
forwardly inclined manner within the excavating ma-
chine body 11, and is held in this inclined state by a sup-
port rod 59. A front end portion of the screw conveyor
58 communicates with a chamber 60 via openings of the
bulkheads 12, 13 so that earth and sand excavated by
the cutter head 20 can be discharged to the outside.
[0032] Tunnel excavation work by the tunnel excavat-
ing machine of the above-described embodiment, and
recovery work for the tunnel excavating machine after
excavation will be described below.

[0033] To form a tunnel by excavation, as shown in
FIGS. 1 and 2, a departure pit of a predetermined depth
is dug at the position where excavation is to be started,
and the tunnel excavating machine is carried into the
departure pit. With the cutter head 20 being rotated by
the drive motors 21, the shield jacks 53 are stretched to
move the excavating machine body 11 from within the
departure pit while obtaining a reaction force for exca-
vation. During this movement, the upright wall of the de-
parture pit is dug to start tunnel excavation work. Earth
and sand produced in accordance with excavation of the
strata by the cutter head 20 are discharged from the
chamber 60 to the outside by the screw conveyor 58. At
the same time, segments S are assembled in a ringlike
shape by the erector device 56 to proceed with the con-
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struction of a tunnel.

[0034] An arrival pit of a predetermined depth is dug
at the position in a construction zone where excavation
is to be completed. The tunnel constructed by the tunnel
excavating machine, starting at the departure pit, is ex-
tended to this arrival pit. In this case, the arrival pit needs
to be dug to suit the size of the cutter head 20, etc. which
are to be separated and recovered. After tunneling work
in the predetermined construction zone is completed
and the cutter head 20 of the tunnel excavating machine
penetrates into the arrival pit, the rotation of the cutter
head 20 by the drive motors 21 is stopped. Then, this
tunnel excavating machine is disassembled, and its
constituent members are recovered from the arrival pit.
[0035] That is, when the front end portion of the ex-
cavating machine body 11 penetrates into the arrival pit,
the rotation of the cutter head 20 is stopped. In this state,
the respective connecting jacks 40 of the cutter head
central portion 23 are driven to contract the drive rods
43, thereby pulling the connecting pins 45 out of the con-
necting holes 48 of the connecting blocks 47 fixed to the
cutter head outer peripheral portion 24. By so doing, the
connection between the cutter head central portion 23
and the cutter head outer peripheral portion 24 is re-
leased. Thus, as shown in FIG. 7, the cutter head outer
peripheral portion 24 is detached from the cutter head
central portion 23, and the cutter head outer peripheral
portion 24 is moved forward by dedicated jacks along
rails (not shown) laid in the arrival pit. Then, a suspend-
ing jig (not shown) is attached to the cutter head outer
peripheral portion 24, and a rope lowered into the arrival
pit from a crane installed above ground is connected to
the suspending jig. The cutter head outer peripheral por-
tion 24 is lifted above ground by this crane for the pur-
pose of recovery. In this case, if the cutter head outer
peripheral portion 24 is separable into a plurality of parts
in the circumferential direction, the separate parts are
lifted above ground by the crane for recovery.

[0036] Then, the bolts 38 are loosened to detach the
cutter head central portion 23 from the rotating ring 17,
and the cutter head central portion 23 is moved forward
along the rails. Then, a suspending jig (not shown) is
attached to the cutter head central portion 23, and a rope
lowered into the arrival pit from the crane installed above
ground is connected to the suspending jig. The cutter
head central portion 23 is lifted above ground by this
crane for the purpose of recovery.

[0037] Then, the bolts 15 are loosened to detach the
drive component body 14 (cutter drive device) from the
excavating machine body 11, and the drive component
body 14 is moved forward along the rails. Then, a sus-
pending jig is attached to the drive component body 14,
and a rope lowered into the arrival pit from the crane is
connected to the suspending jig. The drive component
body 14 is lifted above ground by this crane for the pur-
pose of recovery. In this case, if the diameter of the ar-
rival pit is sufficient, the cutter head central portion 23
and the drive component body 14 may be integrally lifted
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above ground and recovered.

[0038] In the above-described manner, the cutter
head 20 and the cutter drive device are detached from
the excavating machine body 11 and recovered. Then,
the shield jacks 53, erector device 56, screw conveyor
58, and various sensors are detached and recovered.
The excavating machine body 11 left underground is
bonded to the existing segments S by welding or con-
creting for use as a tunnel structure.

[0039] In the tunnel excavating machine of the
present embodiment, the cutter head 20 is composed
of the cutter head central portion 23 and the cutter head
outer peripheral portion 24. The drive component body
14 mounted with the rotating ring 17, ring gear 18, and
drive motors 21 is detachable from the excavating ma-
chine body 11. The cutter head central portion 23 is de-
tachable from the rotating ring 17, and the cutter head
outer peripheral portion 24 is detachable from the cutter
head central portion 23.

[0040] After tunnel excavation work is completed,
therefore, the cutter head outer peripheral portion 24,
cutter head central portion 23 and drive component
body 14 can be separated in this sequence from the ex-
cavating machine body 11. These members can be re-
covered above ground from within the arrival pit, and
can be reused. Since the cutter head 20 and drive mo-
tors 21 are reused, the manufacturing cost of the exca-
vating machine can be decreased, and increases in in-
dustrial wastes due to scrapping can be curtailed.
Where necessary, moreover, the excavating machine
body can be separated into constituent parts, recovered
from within the arrival pit, and reused.

[0041] If the cutter head 20 is recovered, the fishtail
bit 28, forward bits 29, 34, cutter bits 30, 35 and copy
cutter 36, which have been worn, may be replaced. The
drive component body 14 including the drive motors 21
may be given some maintenance. In reusing the drive
component body 14, the number of the drive motors 21
to be mounted may be changed in response to a re-
quired output different according to the diameter of the
tunnel to be excavated or the type of the strata to be dug.
[0042] Inthe presentembodiment, moreover, the con-
necting jack 40, which enables the connecting pin 45 to
appear and disappear, is mounted in the spoke 26 of the
cutter head central portion 23, while the connecting
block 47 having the connecting hole 48, which the con-
necting pin 45 can be engaged with and disengaged
from, is mounted in the spoke 32 of the cutter head outer
peripheral portion 24. Simply by driving the connecting
jack 40 to pull out the connecting pin 45 engaged with
the connecting hole 48, therefore, the engagement be-
tween the cutter head central portion 23 and the cutter
head outer peripheral portion 24 can be released, and
the cutter head outer peripheral portion 24 can be easily
detached from the cutter head central portion 23. This
disassembly operation may be performed by remote
control of the connecting jack 40. The operator does not
need to enter a working place or the chamber 60, but

10

15

20

25

30

35

40

45

50

55

the safety of the operation can be ensured sufficiently.
[0043] Besides, the plurality of through-holes 49, 50
are provided in the drive rod 43 and the connecting pin
45, and these through-holes 49, 50 can be used as the
driving hydraulic pipings for the copy cutter 36, as dis-
position holes for electric power cables of various sen-
sors, and as feed holes for slurry fluidifying additives.
Thus, operations for separating the hydraulic pipings,
electric power cables, and slurry fluidifying additive feed
pipes become easy during the operation for disassem-
bly of the cutter head outer peripheral portion 24 from
the cutter head central portion 23.

[0044] Inthe above-described embodiment, the arriv-
al pit is dug beforehand together with the departure pit,
and after completion of tunneling work, the cutter head
20, etc. are disassembled and recovered above ground
from within the arrival pit. However, they can be returned
to the departure pit, and recovered. That is, when the
tunnel has been excavated over a predetermined dis-
tance, the rotation of the cutter head 20 is stopped.
Then, the connecting pin 45 is pulled out of the connect-
ing hole 48 by the connecting jack 40 to release the en-
gagement between the cutter head central portion 23
and the cutter head outer peripheral portion 24, and the
cutter head outer peripheral portion 24 is detached from
the cutter head central portion 23. Then, the cutter head
central portion 23 and the drive component body 14 are
detached in this sequence from the excavating machine
body 11. On this occasion, the shield jacks 53, erector
device 56, screw conveyor 58, and various sensors are
detached from the excavating machine body 11. These
members are transported by a transport bogie movably
supported within the existing tunnel, and recovered from
the departure pit. Furthermore, the cutter head outer pe-
ripheral portion 24 and the cutter head central portion
23 are similarly transported by the transport bogie and
recovered from the departure pit.

[0045] Inthe above-described embodiment, the cutter
head outer peripheral portion 24 is in the shape of aring,
but may be constituted as two divided parts or three or
more divided parts. In this case, each of the members,
which is single, is lightweight, so that the recovery op-
eration can be facilitated, and the departure pit and the
arrival pit can be formed with small diameters. Besides,
the excavating machine body 11 is buried underground
to serve as a tunnel structure. However, if the segments
are assembled and bonded to the inner wall surface of
the tunnel by the erector device 56 as far as they reach
the arrival pit, the excavating machine body 11 may be
recovered above ground from the arrival pit.

[0046] Inthe presentembodiment, moreover, the con-
necting jack 40 is mounted in the cutter head central por-
tion 23, and the connecting jack 40 is expanded and
contracted, whereby the connecting pin 45 is engaged
with and disengaged from the connecting hole 48 of the
cutter head outer peripheral portion 24, so that the cutter
head central portion 23 and the cutter head outer pe-
ripheral portion 24 are connected to and separated from
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each other. However, the connecting jack 40 and the
connecting pin 45 may be provided in the cutter head
outer peripheral portion 24, and the connecting hole 48
may be provided in the cutter head central portion 23.
Furthermore, the connecting jack 40 may use an air cyl-
inder or electric motor as well as a hydraulic cylinder
which can be remote controlled. The connecting pin 45
may be a fixing bolt.

[0047] While the present invention has been de-
scribed by the aforementioned embodiment, 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 obvious to one skilled in the art are intended
to be included within the scope of the appended claims.

Claims

1. A tunnel excavating machine having a rotationally
drivable cutter head (20) mounted in a front portion
of a cylindrical excavating machine body (11), char-
acterized in that

said cutter head (20) is composed of a divisi-
ble central portion (23), and an outer peripheral por-
tion (24) located on an outer peripheral side of said
central portion (23), and is provided with a connect-
ing pin (45) which moves from one of to other of said
central portion (23) and said outer peripheral por-
tion (24) to connect said central portion (23) and
said outer peripheral portion (24).

2. A tunnel excavating machine according to claim 1,
characterized in that said central portion (23) of
said cutter head (20) is connected to an output
transmission portion (17) of a cutter drive device
(14, 21) loaded in said excavating machine body
(11), and said outer peripheral portion (24) is de-
tachably connected to said central portion (23).

3. A tunnel excavating machine according to claim 2,
characterized in that said cutter drive device (14,
21) has rotors (17, 18) rotatably supported in the
front portion of said excavating machine body (11),
and a drive motor (21) for driving said rotors (17,
18), and said central portion (23) is connected to
said rotors (17, 18) via an intermediate beam (19)
extending forward from said rotors (17, 18).

4. A tunnel excavating machine according to claim 1,
characterized in that a connecting jack (40) having
said connecting pin (45) is provided in one of said
central portion (23) and said outer peripheral por-
tion (24) of said cutter head (20), and a connecting
block (47) having a connecting hole (48), which said
connecting pin (45) can be engaged with and dis-
engaged from, is provided in said other of said cen-
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tral portion (23) and said outer peripheral portion
(24).

5. A tunnel excavating machine according to claim 1,
characterized in that driving force transmission
paths (49, 50) are provided in an interior of said con-
necting pin (45).

6. A tunnel excavating machine according to claim 5,

characterized in that said driving force transmis-
sion paths (49, 50) are hydraulic pipings (51a, 51b,
52a, 52b) for driving a copy cutter (36) mounted on
said outer peripheral portion (24) of said cutter head
(20).

7. A tunnel excavating machine according to claim 1,

characterized in that said central portion (23) of
said cutter head (20) is constituted by having front
end portions of a plurality of radial spokes (26) con-
nected by a connecting ring (27), and said outer pe-
ripheral portion (24) of said cutter head (20) is con-
stituted by having front end portions of a plurality of
radial spokes (32) connected by a connecting ring
(33).

8. A tunnel excavating machine according to claim 1,

characterized in that said outer peripheral portion
(24) of said cutter head (20) is in a shape of a ring,
and is separable into a plurality of parts in a circum-
ferential direction.

9. A method for recovering a tunnel excavating ma-

chine, characterized by:

advancing said tunnel excavating machine to
excavate a tunnel;

stopping rotation of a cutter head (20) when
said cutter head (20) penetrates into an arrival
pit;

then extracting a connecting pin (45) connect-
ing a cutter head central portion (23) and a cut-
ter head outer peripheral portion (24);
separating said cutter head outer peripheral
portion (24) from said cutter head central por-
tion (23);

recovering said cutter head outer peripheral
portion (24) above ground through said arrival
pit;

then separating said cutter head central portion
(23) from an excavating machine body (11);
and

recovering said cutter head central portion (23)
above ground through said arrival pit.

10. A method for recovering a tunnel excavating ma-
chine, characterized by:

advancing said tunnel excavating machine to
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excavate a tunnel for a predetermined distance
by a cutter head (20) rotated;

then stopping rotation of said cutter head (20);
then extracting a connecting pin (45) connect-
ing a cutter head central portion (23) and a cut-
ter head outer peripheral portion (24);
separating said cutter head outer peripheral
portion (24) from said cutter head central por-
tion (23);

then separating said cutter head central portion
(23) and a cutter drive device (17, 21) from an
excavating machine body (11);

recovering said cutter head central portion (23)
and said cutter drive device (17, 21) above
ground through the existing tunnel lying behind;
and

then recovering said cutter head outer periph-
eral portion (24) above ground through the ex-
isting tunnel lying behind.
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