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BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates to a tunnel excavating
machine, such as a shield excavator or a tunnel boring

machine, for excavating the soil and assembling

covering members, such as segments, onto the inner

wall surface of the soil to construct a tunnel.

Description of Related Art

In a general tunnel excavating machine, a
cutter head is rotatably mounted in a front portion
of an excavating machine body. Many cutter bits are
fixed to the front surface of the cutter head, while
4 ring gear is fixed to a rear portion of the cutter
head, and a drive gear of a drive motor mounted on the
excavating machine body is in mesh with the ring gear.
A plurality of shield jacks are arranged parallel in
a circumferential direction in a rear portion of the

excavating machine body. The shield jacks are



stretched rearward in an excavating direction and pressed agai nst existing
segnents, so that the excavating nmachi ne body can be noved forward by a
reaction force generated thereby. An erector device is provided in the rear
portion of the excavating machi ne body, and the erector device nounts new
segnents in a space between the excavating machi ne body advanced by the
shield jacks and the existing segnents, 2and assenbles the new segnents in
a ring shape. Furthernore, a rest extends rearward fromthe rear portion
of the excavating machine body, and the rest is provided with a segnent
assenbl y scatfmgiched pearvapdtie argeredvatbivyerblrzettiyn tdared er ect or
device, and a shape retainer for retaining the ring-shaped segnents in a
pr edet er ni nRFESHPHLII s ox@Rbielng seamRNhapd . tiusthehen the shiel d
jacks are stretched with the cutter head being rotatec{11 t he excavating

machi ne  boRFTEY HARH RRFIHNE RETE L4 dif MAVES Fa5hdP¥ rdm  the pushi ng
of the shield |ackets.against the established segnents, whereupon the
cutter head ree%gg%%& e%m?%eé %%’i‘?rﬁﬁ gtq'éeffe‘%if' formng a tunnel. Then, the
erector device asseghl | rj . mio.fhe_ |nner wall surface
of the resulting tu%§e§?38gﬁgﬁgé§% grfﬁo?fgv%%%és%%n%%?sr?%reach ot her

while st an(ﬁdl&ﬂfh the r@ma\?’éts_ﬁ{g)lr&’ac?&%fef Qjoq}y,a%qmt hg,e shape retainer

corrects the ring-shaped segnents to
erector device mounts new segments in a space between

the excavating machine body advanced by the shield
jacks and the existing segments, and assembles the new
segments in a ring shape. Furthermore, a rest extends
rearward from the rear portion of the excavating
machine body, and the rest is provided with a segment
assembly scaffold for bolting the segments assembled
by the erector device, and a shape retainer for
retaining the ring-shaped segments in a predetermined
shape (for example, a round shape).

Thus, when the shield jacks are stretched with
the cutter head being rotated, the excavating machine
body is advanced by the reaction force resulting from
the pushing of the shield jackets against the
established segments, whereupon the cutter head
excavates the soil 1lying ahead, forming a tunnel.
Then, the erecAtor device assemﬁles segments in a ring
form to the inner wall surface of the resulting tunnel.
An oper_ator bolts the segments to each other while
standing on the segment assembly scaffold, and the

shape retainer corrects the ring-shaped segments to



3 a predeterm ned shape and retains themin this shape. Wth the
above-descri bed conventional tunnel excavating machine, the erector device
and a cage of the segnment assenbly scaffold nove in the circunferential
direction within the constructed tunnel. Thus, the erector device and the
cage of the segnent assenbly scaffold are disposed in a displaced nmanner
relative to each other in a fore-and-aft3 direction in order to prevent
their interference with each other. In this case, while the erector device
i's holding the segnents and | ocating and retaining them at predeterm ned
positions, thPregetarsineseghapeangd getednshthemda thils mhapewear t he

segnent assenbly position, and then carry out an operation for bolting
t he segnents toget hBEthi the ahevgsdeserdibesoronrentieral tunnak ect or devi ce
and the cage are diﬁflace fromeach other_in the fore-and-aft direction.

Thus, the AT 9 3Tt -t hBecegecter dewcae Bfdad gRe|IQTer ni ned
distance 1o e il b 0o d i pEQIRAl o0 ) (el 1y 1n
oo "SRR ol D A SABG IR 2o, e oned
i ncreases t RRurfidl C1 @RRK , OfhéR 12TtV h¥vice and the cage of the

segment assembly scaffold are disposed in a displaced

manner relative to each éther in a fore—énd—aft

direction. in order to prevent their interference with

each other. In this case, while the erector device

is holding the segments and locating and retaining

them at predetermined positions, the operator needs

to ride on the cage and move near the segment assembly

position, and then carry out an operation for bolting

the segments together with the use of a tool. However,

- the erector device and the cage are displaced from each

other in the fore-and-aft direction. Thus, the |

operator riding on the cage is spaced by a

predetermined distance from the bolting site of the

segment, having difficulty in performing the bolting

operation.

SUMMARY OF THE TINVENTION

The present invention has been accomplished
in an attempt to solve the above-mentioned problems.
Its object is to provide a tunnel excavating machine

which increases the efficiency of an assembly



4 operation for a covering nenber. According to the present invention,
there is provided a tunnel excavating machine, conprising: a cylindrical
excavati ng machi ne body; propul sion jacks for noving the cylindrical
excavating machi ne body forward; a cutter head rotatably nounted in a front
portion of the excavating machi ne body; an erector device nounted in a rear
portion of the excavating machi ne body dnd adapted to assenble covering
menbers in aring formonto an inner wall surface of an existing tunnel; a
rest extending rearward fromthe rear portion of the excavating machine
body; a revoPReR@tipantorosacevepdhyntiembererector device and supported on
the rest so as to be novable along a fore-and-aft direction of the

exi sting tunnel su®eOoRAing,&or Ey®|REGRETY davensdonnotheneeifere with the
erector device; apd.a workin | at f orm supported on the revolving frame so
as to be reRFTV%bRed A Luepe ug¥%?%%Fi%$ mEFhiRe i FPRRTIHENGK| sting -t unnel
Thus, the working platfqrm.can close.to the covering nenbers

. b h .
assenbl ed by the er 8¢ ln&ﬁ&?@i?eﬁéﬁggFEPHemﬁﬁBFﬁﬁopoegh easily performa
bol ting operation, Bg'gphﬁ.gi\é'?lr ﬁagkfsl gc')?”l%gv:%g athe cylindriéal

excavating machine body forward;

a cutter head rotatably mounted in a front
portion of the excavating machine bddy;

an erector device mounted in a rear portion
of the excavating machine body and adapted to assemble
covering members in a ring form onto an inner wall
surf.ace of an existing tunnel;

a rest extending rearward from the rear
portion of the excavating machine body;

a revoiving frame located behind the erector
device and supported on the rest so as to be movable
along a fore-and-aft direction of the existing tunnel
such that the revolving frame does not ihterfere with
the erector device; and

a working platform supported on the revolving
frame so as to be revolvable in a circumferential
direction of the existing tunnel.

Thus, the working platform can be brought
close to the covering members assembled by the erector
device. Hence, the operator cén easily perform a
bolting operation, and the work efficiency of a

segment assembly operation can be increased.



segnent assenbly operation can be increased. 5 |In the tunnel excavating
machi ne of the invention, a shape retainer for making pressurized contact
wi th inner peripheral surfaces of the covering nenbers assenbled onto the
inner wall surface of the existing tunnel to retain the covering nenbers
in a predeterm ned shape may be provided and supported on the rest so as
to be novable along the fore-and-aft dibection of the existing tunnel, and
the revolving frame nay be | ocated between the erector device and the
shape retainer and supported on the rest so as not to interfere with the
erector device and tife WiRafdnned; sxcavatings machdngoPki #&epl at f orm can be

brought close to _the covering ne rs_assenbl ed by the erector device,

wi t hout int efxf‘%?lém:%nofatﬁ%aﬁgrﬁ?gg%ﬁ?ﬁt ?‘Eﬂ: ekd B9 PReSSWEhzed et aj ner .
Hence, the o : L1 forma holtin eration, The tunnel
excavat i ng rr(g(g%?"lrl\(g{ gﬁ% :g'ﬁ?%:\:/g%g:ﬁ%hef y* aﬁ?@rgg ¥ ki ng platform
revo Ving Mlibet O adBiiiied 16 ciOL K In AL ELAITG B R! SHSHEL M Ned

revol ving position, erector revolving posrtion 3e_ect|on neans for
detecting a Seyot WyoniaRdl QN 1fia i @nel B6YBE1 A hERpe AL kI Ng Pl atform
control neans for setting a working position of "the working platform
adapted for predseaahindd siegpd nay Bé g AL E8E supported on

the rest so as to be movable along the fore-and-aft
direction of the existing tunnel, and the revolving
frame may be located between the erector device and
the shape retainer and supported on the rest so as nét
to interfere with the erector device and the shape
retainer.

Thus, the working platform can be brought
close to the covering members assembled by the erector
device, without interference of the working platform
with the shape retainer. Hence, the operator can
easily perfofm a boiting operation.

The tunnel excavating machine of the invention
may further comprise working platform revolving means
for moving the working platform to a predetermined
revolving position, erector revolving position
detec_:tion means for detecting a revolving position of
the erédtor de\-rice , and working platform control means
for setting a working position of the working platform
adapted for the revolving position of the erector
device and controlling the working platform revolving

means.



device and controlling the working platformrevolving mneans. 6 Thus, the
wor ki ng pl atform can be brought close to the covering nenbers assenbl ed by
the erector device, easily and in a short time, without interference of
the working platformw th surround instrunents. Hence, the operator can
easily perform a bolting operation, and the work efficiency of a segnent
assenbly operation can be increased. In Bhe tunnel excavating machi ne of
the invention, the working position of the working platformmy be at a
revol ving angle froma horizontal reference position, and the revol ving
angl e may be set byRH&di k§eoroskbRe apiph§ormpraBebe gbyenghfigle to or  from
a revol ving gngle of the erector device fromthe horizontal reference

position. T § 8 the GrYPRINIMEMPEHS pRaeHBLRARY the S%esitA%an be set
easily, and working. platform can b ved tq . the working position
easily. In the cuerfnee?a%(&vaawfrfd’ rﬁaﬁ%oﬁ% of e wﬁth'\? ion, the given angle
may have_bee, 36t d by AC C¥ C%o\%ktiq)r# E}%.Jt%/o@glwvﬂ%hawr% Qnd he erector
device. Thus, the working platform camr be novéed to a "positicoh close to the

erector devig AR ek, | Afe HEAHAIRASAL LTy YorldiinfT eCt Or

devi ce.
a bolting operation, and the work efficiency of a

segment assembly operation can be increased.

In the tunnel excavating machine of the
invention, the working position of the working
platform may be at a revolving angle from a horizontal
reference position, and the revolving angle may be set
by adding or subtracting a preset given angle to or
from a revolving angle of the erector device from the
horizontal reference position.

Thus, the revolving angle of the working
platform can be set easily, and the working platform
can be moved to the working position easily.

In the tunnel excavating machine of the
invention, the given angle may have been set in
accordance with the revolving angle of the erector
device.

Thus, the working platform can be moved to a
position closé to the erector device, regardless of
the revolving position of the erector device.

In the tunnel excavating machine of the
invention, the working platform may be supported in

a horizontal state regardless of the revolving



In the tunnel excavating machine of the invention, the working platform
may be supported in a horizontal state regardless of the revolving 7
position of the working platform and the working platformcontrol neans
may set the working position of the working platform where the erector
device and the working platformare close to each other at a constant

di stance, regardl ess of the revol ving pgsition of the erector device.
Thus, the operator can easily performa bolting operation, regardl ess of
the revolving position of the erector device. In the tunnel excavating

machi ne of tHRFLGIREME die RFKIRDIRAHE Fihneiifht ise WaRkddhack and

forth, wherehy .the working.platformcan pe noved into and out of a

revol vi ng r&’ﬂgaet o ﬁ«?né(:t’%et geaRs, Meg. sehukhe (F Kk iBag ihie® or m can be
noved cl ose t r vice, . with.interference of th erector

devi ce and fﬁ%EQSr |Agﬁ%$§@f¥ﬁgﬁrghingr%r§5%ﬁF88$°Fh TECE | excavati ng
machi ne of thg | 053, ' | .atf or 0 I ans may be
constituted such tha?&%%ﬂgberatlon Gﬁg%eb%grgg%% %%éﬁF}o s% he wor ki ng

pl atfor m r eohetas HIeaRT ahed0WR gdd 8 ki nal deldimubg the working
position and stop the working platform at the working position.

position of the erector device.

Thus, the operator can easily perform a
bolting operation, regardiess of the revolving
position of the erector device.

In the tunnel excavating machine-of the
invention, the revolving frame may be moved back and
forth, whereby the working platform can be moved into
and out of a revolving range of the erector device.

Thus, the working platform can be moved close
to the erector device, with interference of the
erector device and the working platform being
prevented.

In the tunnel excavating machine of the
invention, the working platform control means may be
constituted such that an operation by an operator
controls the working platform revelving means to move
the working platform to the working position and stop

| the working piatform at the working position.

Thus, operability for moving the working
platform can be increased.

In the tunnel excavating machine of the

invention, the workihg platform may have a working



Thus, operability for nmoving the working platformcan be increased. In the
tunnel excavating machine of the invention, the working platformmy have
a working 8 step protruding forward. Thus, the operator can easily nove
forward wth the use of the working step, and carry out a bolting
operation for the covering nmenbers adjacent in the fore-and-aft direction.
In the tunnel excavating machi ne of the § nvention, the wor ki ng step may be
constituted by a front wall portion of the working platform pivoted
forward. Thus, a working space on the working platform can be w dened
easily wth atepnpretsudingufervandt he tunnel excavating machine of the

I nvention, the working step may be constituted by a bottom portion and a
front wall portion &RUShe RPREateracrsr #RSLLYI RgVEoEREWErdThus, a
wor ki ng space, on the working platform can be w dened easily, with

sufficient s%FERytl® PRE OHpERaVORKHRY ngteis ARY. CHBITEFPWESERI PTI ON OF THE
DRAW NGS Theb i nventi o cone, nor I nder st ood fromthe

sent w .l be e fully
detai | ed descﬁ?eﬁ'lla%no%?ﬁ%%lorh&roﬁ ﬁb@l Sﬂlvgﬁ&npkfger&%%%ﬂfﬂﬁ?ﬁ)nﬁr awi ngs whi ch
are in the fore—ananft direction. : '
In the tunnel excavating machine of the
invention, the working step may be constituted by a
front wall portion of the working piatform pivoted
forward.
Thus, a working space on the working platform
can be widened easily with a simple structure.
In the tunnel excavating machine of the
invention, the working step may be constituted by a
bottom portion and a front wall portion of the working
platform sliding forward.
Thus, a working space on the working platform

can be widened easily, with sufficient safety of the

operation being ensured.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not
limitative of the present invention, and wherein:
FIG. 1 is a schematic side view of a tunnel

excavating machine according to a first embodiment of



given by way of illustration only, and thus are not |imtative of the
present invention, and wherein: FIG 1 is a schematic side view of a tunnel
excavati ng machi ne according to a first enbodiment of 9 the present
invention; FIG 2 is a front view of a segnent assenbly scaffold according
to the first enbodinent; FIG 3 is a sectional viewtaken on line IlI-111

of FIG 2 showing a slide mechani smfor the segment assenbly scaffold of
the first enbodinment; FIG 4 is a front view of a cage; FIG 5 is a
sectional view taken on line V-V of FIG 4; FIG 6 is a schematic view of
t he segnent thesprpEgn&canvepyiiohowi ng a bolting operation; FIG 7 is a
side view of a cage %P lied to a tunnel excavating nmachine according to a
second ' enbodi nent §E&h& pPedchEonhveiry & arpegmgntsagsembl¥ di agram of a

segnment assenbl vice applied to a tunnel excavating machine according
to a third eﬁﬁ%ﬁfﬁgﬁtaS?OFHgnBrggeﬁPe Fhveht eBhodEpents js a flow chart for

RS ke R SN
of FIG. 2 showing a slide mechanism for the segmént
assembly scaffold of the first embodiment;

FIG., 4 is a front view of a cage;

FIG. 5 is a sectional view taken on line V-V
of FIG. 4;

FIG. 6 is a schematic view of the segment
assembly scaffold showing a bolting operation;

FIG. 7 ié a side view of a cage applied to a
tunnel excavating machine according to a second
embodiment of the present invention;

FIG. 8 is a block diagram of a segment assembly
device applied to a tunnel excavating machine
according to a third embodiment of the present
invention;

FIG. 9 is a flow chart for a segment assembly
operation; and

FIG. 10 is a front view of a segment assembly

scaffold according to the third embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments ¢f the present invention will now
be described in detail with reference to the

accompanying drawings, which in no way limit the



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nents of the present

invention will now be described in detail with reference to the

acconpanyi ng drawi ngs, which in no way limt the 10 invention.
In a tunnel excavating machi ne according to the present _
as shown in FIG 1, a cutter head 12 is rotatably nmounted in a

Enbodi ment |
enmbodi nent ,

front portion of an

[ First

excavati ng machi ne I!)@dy 11, and many cutter bits 13

are fixed to the front surface of the cutter head 12. A ring gear 14 is

fixed to a rear portion of the cutter

head 12, while a drive notor 15 is

attached to iR¥engkervati ng nachine body 11, and a drive gear 16 of the

15 is in nmesh with the ring gear 14. Thus, when the drive

b¥Fiver EwbpdimeBtine drive gear 16, the cutter head 12 can be
14, A bul khead 17 is attached to the excavating

the rin ear < )
machi ne body 11 beh%ﬁd%tﬁ&neﬁﬂtGﬁcﬁgéaiﬂg,m%ﬁhlﬂecﬁﬁﬁ%§¢ln38t¢s f or med

d d bul k d. 17._A d feed pi 19 and a
mud di schar ggﬂ%)'i[%'teeih%?t eirﬁ:co%{}ﬂér%i0§§ B ‘S‘gneiﬂé‘ﬁt‘fs {I(Lal f‘h"g‘iﬁf%igremof age .
' | h d i.n t chanber . An
%{}L&% CPb{?gtagf%ﬁnéJ}xeteO& 18 %o}t;?%%?:ﬁ'lg;ﬁdo A and muddy

drive notor
nmotor 15 is
rotated via

bet ween t he

shield exc
agitator 21

agifatrng an X1 ng ~ excav

water is insgabi@iting machine body 11, and many cutter bits 13

are fixed to the front surface of the cutter head 12.
A ring gear 14 is fixed to a rear portion of the cutter
head 12, while a drive motor ‘15 is attached to the
excavating machine body 11, and a drive gear 16 of the
drive motor 15 is in mesh with the ring gear 14. Thus,
when the drive motor 15 is driven to rotate the drive
gear 16, the cutter head 12 can be rotated via the ring

dgear l4.

A bulkhead 17 is attached to the excavating

machine body 11 behind the cutter head 12, and a chamber

18 is formed between the cutter head 12 and the bulkhead
17. A mud feed pipe 19 and a mud discharge pipe 20,
each of whose ends extends to the outside of the shield
excavating machine, have the other ends open in the
chamber 18. An agitator 21 for agitating and mixing
excavated earth and sand and muddy water is installed
near the openi.ng of the mud discharge pipe 20. A copy
cutter (overbreak cutter) 22 is provided at an outer
peripheral portion of the cutter head 12. A man lock
23 for exiting from the machine is provided in a front

end pdrtion of the excavating machine body 11, and a



near the opening of the nud di scharge pipe 20. A copy cutter (overbreak
cutter) 22 is provided at an outer peripheral portion of the cutter head
12. A man lock 23 for exiting fromthe machine is provided in a front end
portion of the excavating machi ne body 11, and a 11 chemcal liquid feed
pipe 24 is provided in the outer periphiral portion of the excavating
machi ne body 11. A plurality of shield j tks 25 are arranged parallel in a
circunferential direction in a rear portion of the excavating machi ne body
11. The shield jacks 25 are stretched rearward in an excavating direction
and pressed Shpiial diiedidh§eed gt 24Sis qurovinked dhetle catats ng machi ne
body 11, nanely, the entire shield excavating machine, can be noved
forward by P&‘%@&ﬁ’?%@é‘ﬂzé@nﬁép&tW%V@Fh‘kﬂ/!ﬂaﬁhﬂpﬁgb@deér- 26 is formed

in the rear portion oflt he greay t%}@f machi ne body 11, and a rest 28
ext endi ng rearward FsPLHFREHY ° 1t adatks R Erg pasd®ead the ring

ird 26. vel I 29 1 s pivotall u rted. by the rin I rder 26,
gln(rj g[l erectﬁ(%rr%\éfl\?ﬁcellg(r}‘gicslr eé'&nt%l%/@r%%‘%gp H‘%g’* f@.arThege?_ector
device 30 ¢ i t n_ the excavatin

ma\élhi ne bod?%fp%gﬁ@g %’ggﬁéég%?&a%ﬁggyk@%%@@h%%g é')?:i?'[l ng segrrents
S, and assenblogsd! 36 AW $RIBUKRA Pelatward 19 SH2BRcabULLRG MOre, the rest

28 is provided with a
direction and pressed against existing segmenté S, so

that the excavating machine body 11; namely, the
entire shield excavating machine, can be moved forward
by a reaction force generated thereby. A ring girder
26 is formed in the rear portion of the excavating
machine body 11, and a rest 28 extending rearward is
fixed to a vertical beam 27 attached to the ring girder
26. A swivel ring 29 is pivotally supported by the
ring girder 26, and an erector device 30 is mounted
on the swivel ring 29. The erector device 30 can mount
new segments S in a space between the excavating
machine body 11 advanced by the shield jacks 25 and
the existing segments S, and assemble the new segments
S in a ring shape.

Furthermore, the rest 28 is provided with a
segment assembly scaffold 31 for bolting the segments
S assembled in -the ring form by the erector device 30,
and a shape retainer 32 for correcting the ring-shaped
segments S into a predetermined shape (for example,
a round shape) and retaining them in this shape.

In j:he segment assembly scaffold 31, as shown



segnent assenbly scaffold 31 for bolting the segnents S assenbled in the
ring formby the erector device 30, and a shape retainer 32 for correcting
the ring-shaped segnents S into a predeternm ned shape (for exanple, a
round shape) and retaining themin this shape. In the segnent assenbly
scaffold 31, as showmn 12 in FIGS. 1to ? a horizontally novabl e beam 33

| ocated behind the erector device 30 is %upported by the rest 28 so as to
be novabl e along the fore-and-aft direction of the existing tunnel. A
revolving frane 35 of a downward C-shape is attached to the horizontally
nmovabl e bearhi™BEBIGFa Jatpldyr ahanizemtaldyorevablabeam 33 Aogates notor 36 i s
nmount ed on Qﬁirest 28, while a rack 37 is fixed along the fore-and-aft

direction t I fBei SBeE LT WavdeehPe e swppertedyby FesE of the drive
ri ven to r GEaPE SEnES BPIMAVERS S 9BS tkkPke ieutrtF FarectioRan be moved

Por i zont al 1§ b 2ssAngs SRt o O EatBEEe “Fu8R 3P R chgages the rack
on the rest R BReel 1S, P tghad 1], Tk hE okt AT ST Lositi ons of

forward novemRib138eBACKIAF G @ﬁ@ﬁgﬁhitgfof%ﬁm WHedthsf 5@ME 35 are al so
nounted on.the rest 28. A cabl e guide 43, which supports a drive cable

A drive motor 36 is mounted on the rest 28, while a
rack 37 is fixed along the fore-and-aft direction to
the horizontally movable beam 33, and a gear 38 of the
drive motor 36 is in mesh with the rack 37. Thus, when
the drive motor 36 is driven to rotate the drive gear
38, the revolving frame 35 can be moved along the

fore-and-aft direction \‘ria the rack 37 and then via
the horizontally movable beam 33. A sliding encoder
39, which engages the rack 37 and detects the moving
position of the revolving frame 35, is mounted on the
rest 28. Position sensors 40 and 41 for detecting the
positions of forward movement and backward movement
of the revolving frame 35 are also mounted on the rest
28. A cable guide 43, which supports a drive cable
(a hydraulic hose or an electric cable) 42 connecting-
a drive source (not shown) loaded on the excavating
machine body 1-1 to the drive motor 36, is attached to
the underside of the horizontally movable beam 33.

Two cages 44, as working platforms, are

supported by the revolving frame 35 so as to be movable

by a drive mechanism 45, and these two cages 44 are



(a hydraulic hose or an electric cable) 42 connecting a drive source (not
shown) | oaded on the excavating nachine body 11 to the drive notor 36, is
attached to the underside of the horizontally novabl e beam 33. Two cages
44, as working platfornms, are supported by the revolving frane 35 so as to
be novable by a drive nechanism 45, and, fhese two cages 44 are 13
symmetrical about the center of revol uti & and have the same structure.
The drive nechanism45 is constituted by a ring gear 46 provided along the
outer periphery of the revolving franme 31, and a drive gear 48 of a drive
nmot or 47 | oaiEEINrigrRl hputyshe wendervef yeweluBieomsinddavea h the ring
gear 46. Thus, when the drive notor 47 is driven, the drive gear 48 rolls
while meshithP viane tHer R HEYeaThes driier Be¢heRésBadé 48 can be noved

al ong the revol vi fr 35.. At this tinme, .the_cage 44 can be nuaintai ned
in aghori zorﬁoaﬂs?tqg‘l*é‘?ggg'oa ey SR itoPHRE 46 b A lons: Hae QW S%i ng frame 35
the cage 4 ) . vol.vinng encoder 49 for. detectin t he novi ng
posi ti og of Abtﬁr%\bcfgépgﬂégn%e%qlé%'%%Fﬁ@e %ﬁgé"%?‘ éf’c‘é%l &Jui de 51, which
supports a gyg | ' nLGge t wn) | oaded on
thgpexcavat 9#98%3%ﬁ?ﬁé&blgcg§8€%“f%&%ﬁgﬁ?;gh%%&fe‘s‘4ﬁat1§12%ﬁé:§_ t%o t he outside

Che Teubhr SRR Tin CRgRiih Dghe 4G DRRGL, Wl hesurpored
drive motor 47 is driven, the drive gear 48 rolls while
meshing with the ring gear 46, whereby the cage 44 can
be moved along the revolving frame 35. At this time,
the cage 44 can be maintained in a horizontal state,
no mafter which position of the revolving frame 35 the
cage 44moves to. Arevolving encoder 49 for detecting
the moving position of the cage 44 is mounted on the
cage 44. A cable guide 51, which supports a drive
cable 50 connecting a drive source (not shown) loaded
on the excavating machine body 11 to the cage 44, is
attached to the outside of the revolving frame 35.

The cage 44 has a support wall 52 supported
by the revolving frame 35, a bottom plate 53, and a
front wall 54. An open/close door 55 is mounted on
each side of the cage 44, and a working step 56 pivoting
forward is provided on an upper portion of the front
wall 54..' The ﬁorking step 56 has a lower end portion
pivotably attached to the front wall 54 by support
shafts 57, and is adapted to be positioned in a
horizontal state by right and left link mechanisms 58.

In the shape retainer 32, as shown in FIG. 1,



front wall 54. An open/close door 55 is nmounted on each side of the cage
44, and a working step 56 pivoting forward is provided on an upper portion
of the front wall 54. The working step 56 has a | ower end portion
pivotably attached to the front wall 54 by support shafts 57, and is
adapted to be positioned in a horizontal state by right and left |ink
mechani snms 58. In the shape retainer 32,155 showmn in FIG 1, 14 a
horizontal rail 59 is attached onto the rest 28, and a support tube 60 is

supported by the horizontal rail 59 so as to be novable forward and
backward. An?dFezonkakraddpe® e ahfaghpdvantotherresih@seande fitted to
t he support tube 60 sqﬁks to be novable relative to each other, and an

expansi on j aRIERPIRt | B8sER supboRtesd PResuherieapésletabhd 62. Arcuate
P cssuri zod SORAGE W O PRESPARGOTERY SolLUIATE s aaRReS, are
ttached t d. | tybes 61 and 62,
?esggc?i ve?y&ﬁﬁe%%% aﬁggédg% fléyen%%ﬁ?% ag‘ﬁb?ﬁe ;agogg%ggg’eﬂaﬁg a drive rod

67 of the MOMGgie €O iise RNNRFLET tol Bo! HEvaYPROLLI LURE 6P, Thus, the

noving jack 66 is stretched to nove the suppor orward, thereby
moving the dH@sSeERSLd £R8L ARt o RPAPEISn Bfa b0 d O PAsidd®n where they

are opposed to the inner peripheral
between the outer tubes 61 and 62. Arcuate
pressurizéd contact members 64 and 65, which can be
brought into pressurized contact with the inner
surfaces of the segments S, are attached to the front
ends of the upper and lower outer tubes 61 and 62,
respective.ly. A moving jack 66 is mounted on the rest
28, and a drive rod 67 of the moving jack 66 is connected
to the support tube 60.

Thus, the moving jack 66 is stretched to move
the support tube 60 forward, thereby moving the
pressurized contact members 64 and 65 to a position
where they are opposed to the inner peripheral
surfaces of thé segments S which they are to hold. At
this position, the expansion jack 63 is expanded'to
bring the pressurized contact members 64 and 65 into
pressurized contact with the ring-shaped segments S
via the'upper-and lower outer tubes 61 and 62. As a
result, the segments 5§ can be corrected to a
predetermined shape and retained in this shape.

In the positional relationship among the

erector device 30, the segment assembly scaffold 31



surfaces of the segnents S which they are to hold. At this position, the
expansion jack 63 is expanded to bring the pressurized contact nenbers 64
and 65 into pressurized contact with the ring-shaped segnments S via the
upper and | ower outer tubes 61 and 62. As a result, the segnents S can be
corrected to a predeterm ned shape and retained in this shape. In the
positional relationship anong the erect® device 30, the segnent assenbly
scaffold 31 15 and the shape retainer 32 configured in the above-

descri bed manner, the segnent assenbly scaffold 31 noves back and forth,
and can ther@By Bee|gRaPedTdratmer Ihcoutigweed hin siiie adbdter evol vi ng

range of the, erector device 30. Nor does the shape retainer 32 interfere
with the er EeTTTHSA JARRLDr the SRYMRRE 2 %‘%Wd{ VWEd BB1, when the

he Tor egal MEvTURAGE B EOEERAGNA SRt dh ey B8 108 trrat B s hown i
FIGS. 1 and ghdggfg%%ﬂg.éﬁgeg '4&%”8%5¥%ég (&ﬁ%gﬁaéigiéﬁy

'gﬂéthe cutter head
12 being rotate excavat1 ng machine anced by the

L2515 SERISTINAAY 40 Bl SRR TLpIOgy, [, L
yi ng ahead, ormng a tunnel. en, the
erector deviigfte¥¥erds SEEH aheSeFERRLE Sclficd 5bNGr fidNdeynidi i nner wal |

assembly scaffold 31, when the shape retainer 32 mdves
‘back and forth. |

AtunnelexcavatingoperétionbythefOregoing
tunnel excavating machine will be described. As
shown in FIGS. 1 and 2, when the shield jacks 25 are
stretched with the cutter head 12 being rotated, the
excavating machine body 11 is advanced by the reaction
force imposed on the existing segments S, whereupon
the cutter head 12 excavates the soil lying ahead,
forming a tunnel. Then, the erector device 30
assembles segments S in a ring form to the inner wall
surface of the reéulting tunnel. In this state, the
operator bolts the segments S to each other while
standing on the segment assembly scaffold 31, and.thg
shape retainer 32 corrects the segments S assembled
in the ring form to a round shape and retains them in
this shape.

That is, the erector device 30 grasps the
segments S carried into the existing tunnel, and

assembles them sequentially to predetermined

positions, starting at a lower position. The



surface of the resulting tunnel. In this state, the operator bolts the
segnents S to each other while standing on the segnent assenbly scaffold
31, and the shape retainer 32 corrects the segnents S assenbled in the
ring formto a round shape and retains themin this shape. That is, the
erector device 30 grasps the segnments S carried into the existing tunnel,
and assenbles them sequentially to.predfiermned positions, starting at a
| ower position. The 16 operator rides on the cage 44 of the segnent
assenbly scaffold 31, and noves to the position of assenbly of the
segnent S. Aevpehnatoposidéesoon the ayysr 4#o0f Udws segmpnédasesmbIyed ti ght eni ng
tool to performa bolting operation for connecting and fixing the adjacent
segnents S. $92¥HeLd ke andhmovegd ALhespoml/bton efivasdembiyong with the
revolving frame 35, by the drive notor 36 until the cage 44 is brought
into the reVolt%iSeEMeRyeS- ottt hbler BEFdELlgRyi ElRe JoDeymeer IR the cage 44
Is noved circunferentially hy the drive pechanism45 unti|l its approach
to the erect%rp]?fﬁt@émgﬁ?e%l\éﬁﬁﬁﬂmﬂnt??ht%PeFIfé’IB'p%r'%ﬁ]tfrl%l ts the °

ci rcunf erent] . adjacent segments S while standing jn the cage 44. As
shown in FI éﬂééltn:b@go@%f,c?%g%W%ﬁﬁ%%%ﬁ 3‘31% ‘%1 &t ki ng step 56 of
the cage 44 Jomareh s9etfh O1s!di dOFKL BAGR! AP BGioiileSLARS, the segments

S adj acent
) along with the revolving frame 35, by the drive motor

36 until the cage 44 is brought into the'revol_ving range
of the erector device 30, whereafter the cage 44 is
moved circumferentially by the drive mechanism 45
until its approach to the erector device 30. As shown
in FIG. 2, the operator bolts the circumferentially
adjacent segments S while standing in the cage 44. As
shown in FIG. 6, moreover, the operator also pivots
the working step 56 of the cage 44 forward, gets on
the working step 56, and clamps the segments S adjacent
in the fore-and-aft direction by bolts.

The shape retainer 32 stretches the moving
jack 66 to move the support tube 60 forward as far as
a position, where the pressurized contact members 64
and 65 are opposed to the inner peripheral surfaces
of the segments S, such that they do not interfere with
the segrhent assembly scaffold 31. At this position,
the expansion jack 63 is expanded to bring the
pressurized contact members 64 and 65 into pressurized
contact with the inner peripheral surfaces of the

segments S, thereby correcting the segments S into a



in the fore-and-aft direction by bolts. The shape retainer 32 stretches the
noving jack 66 to nove the support tube 60 forward as far as a position,
where the pressurized contact nmenbers 64 and 65 are opposed to the inner
peri pheral surfaces of the segnents S, such that they do not interfere
with the segnent assenbly scaffold 31. At this position, the expansion
jack 63 is expanded to bring the pressul7zed contact nenbers 64 and 65
into pressuriized contact with the inner peripheral surfaces of the
segnents S, thereby correcting the segnents Sinto a 17 predeterm ned
shape and repredéetgrmnbredishdagd andhapminfcaptiendd ehibesdmsent

enbodi nent, the erector device 30 is nounted in the rear portion of the
excavati ng machi ne Bodprdingt te thst p28senteanbodimentar theand t he segnent
assenbly scaffold 31 and the shape retainer 32 are supported on the rest
28 so as t ECIRCEPVaIrelead30 diid mogntied Thuthetheaxr mpridilomarf be brought
close to the segnent S assenbl ed bxhthe erector device 30, so that the

operator can‘RRS$¥SAVHelngmachipg oy dper bhe oFes A& rliendshe wor ki ng

step 56 pivoting forward js provided in the cage_ 44, Thus, .the operator
can easily rﬁﬁ/ae&f%lf AR Qﬁsﬁﬂg‘e“ﬁﬁg%ﬁm{]ﬁ’esﬁggﬁ?%ﬁ3§t‘é’éd5t61,e and carry out

a bolting Oﬁ'ﬂﬁg ir%%aj[n%%cggdaggbggﬁgggééd on the rest 28 so as
to be movable back and forth. Thus, the cage 44 can
be brought close to the segment S assembled by the
erector device 30, so that the operator can easily
‘perform a bolting operétion. Moreover, the working
step 56 pivoting forward is provided in the cage 44.
Thus, the operator can easily move forward with the
use of the working step 56, and carry out é bolting

operation.

[Second Embodiment]

In a tunnel excavating machine according to
the present embodiment, as shown in FIG. 7, a cage 61
is constituted by having a support wall 62 supported
by a revolving frame, double-bottom plates 63 and 64,
and right and left open/close doors 65, providing a
working step 66, which is slidable forward in a-
predeteﬁnined amount, between the double-bottom
plates 63 and 64, and attaching a front wall 67 to a
front portion of the working step 66. Right and left
chains 68 are connected to the front wall 67 of the

working step 66 so that the operator will not fall off



In a tunnel

slidable fo
pl ates 63 a
wor ki ng ste

excavating machi ne according to the present enbodi nent, as
showmn in FIG 7, a cage 61 is constituted by having a support wall 62
supported by a revolving frame, double-bottom plates 63 and 64,
and | eft open/close doors 65 providing a working step 66, which is

rward in a predeterm ned anmount, between the doubl e-bottom

nd 64, and attaching a front ﬂﬁll 67 to a front portion of the
p 66. Right and |left chains 68 are connected to the front wall

67 of the working step 66 so that the operator will not fal

t he wor ki ng vieap #ife ivorraf dtapvagdl. 1isThnsredMBITWdisd.er ect or device
he segnent to a predeterm ned position, the cage 61 is

assenbl es t

forward and al so noVedsi nwhémre tThe camdetentdeti celiassanibde suthid

appr oaches

ci r cunf er entsiegmentadjoa@enredesgrminedf posithencatjee Glagalélo isl | des t he
p 66 of the cage 61 forward, stands thereon, and bolts

wor ki ng ste
segnent s ad

a tunnel
practlcally
Fi rst Enbodi

the erector device. The operator bolts the

of f

it

and right

18 when

noved

t he

Jmﬁﬁﬁq forwerd pBfeadfg-BeYedi Hedthesircumfiereénttaddi ment] Since
ava i.n nachlne .accordin to the present enbodi nent has
g APPSR e@e§@@|Sé@ctﬁrtﬁ@V&F@Penentloned

Uil ope'ra or %Illtesdt %S%rll rclarle%tlaTl ag'jacent

segments from the cage 61, also slides the working step
66 of the cage 61 forward, stands théreon, and bolts

the segments adjacent in the fore-and-aft direction.

[Third Embodiment }

Since a tunnel excavating machine according
to the present embodiment has practically the same
configuration as described in the aforementioned
First Embodiment, its detailed description is
omitted.

According to the present embodiment, as shown
in FIG. 1, the cage 44 of the segment assembly scaffold
31 is automatically moved to a predetermined operating
position, where the lcage 44 is close to the segment
held by the erector device 30, in a manner linked to
a segment positioning action by the erecfor device 30
in a segrﬁent assembly operation by the aforementioned
tunnel excavating machine. |

That is, as shown in FIG. 8, the drive motor
47 for revolving the cage 44 in a circumferential

direction via the revolving frame 35 is hydraulically



According to the present enbodinent, as shown in FIG 1, the cage 44 of
the segnent assenbly scaffold 31 is autonmatically noved to a predeterm ned
operating position, where the cage 44 is close to the segnent held by the
erector device 30, in a manner linked to a segnment positioning action by
the erector device 30 in a segnent assenbly operation by the

af orenentioned tunnel excavating nmachind® That is, as shown in FIG 8, the
drive notor 47 for revolving the cage 44 in a circunferential direction
via the revolving frane 35 is hydraulically 19 actuated, and can be driven

and control | adtbytedegahat tag B8 arlivenessareostpplied hyom a power unit

71 by nmeans of a servo valve 72. The .drive notor 36, which slides the cage
44 in the foregahatifhg ai pddtpoessuia supplied gomhal bywepvabi€ beam 33 and
the revolving frame 35, is also hydraulically operated, and can be driven
and contr ol | €l by meggsl afi agenvoivialyee?dur €hes dppivieedotoonid he power unit
71 by a servo valve 73. The servo valves 72 and 73 can be controlled by a
control devi¥ei¢hslddes Hracrsent ¢dm e fasgnend7afthiceetitamwl device 74

receives inputs S@OUt . the revolvin% angle 0 of the held segnent S detected
by a revol vifig? &RedRF1zmtalpiiryabdsdiramadtand theawl widayd ce 30, the

revol vi ng angl es nd f3.of th cage 44 detected by the revolvin
encoder Sg4gn@:§{&e?j§; gs also hygraufagcally operated, gnd can b g

driven and controlled by regulating an oil pressure
supplied from the power unit 71 by a servo valve 73.
The servo valves 72 and 73 can be controlled by a
control device (working platform control means) 74.
The control devic_;e 74 receives inputs about
the revolving angle 0 of the held segment S detected |
by a revolving encoder (not shoWn) loaded on the
erector device 30, the revolving angles a and B of the
cage 44 detected by the revolving encoders 49, and the
position A in the fore-and-aft direction of the cage
44 detected by the sliding encoder 39%. As shown in
FIG. 10, the revolving angle 0 of the erector device
30 is an angle from a horizontal reference position
0°, while the revolving angles a and B of the cage 44
are angles of revolution of the right and left cages
44a and 44b from the horizontal reference position 0
°. A cage operating device 75 is connected to the
control device 74, and the cage operating device 75
at least has a forward movement button, a backward
movement button, a segment assembly position movement

button, and a bolting position movement button.



position Ain the fore-and-aft direction of the cage 44 detected by the
sliding encoder 39. As shown in FIG 10, the revolving angle 0 of the
erector device 30 is an angle froma horizontal reference position 0,
while the revolving angles a and f3 of the cage 44 are angles of
revolution of the right and | eft cages 44a and 44b fromthe hori zont al
reference position O . A cage operating2@evice 75 is connected to the
control device 74, and the cage operating device 75 at |east has a forward
novenent button, a backward novenent button, a segnent assenbly position
movenment button, afftlus,baktthe fposs tdfoa boyveirgtopetddhon 26 Thus, at the
time of a bolting operation for the segnents S, the control device 74 sets
the revol vithe asegreents afid thé cromomo hgiaviecs i htsedrad tleft cages 44a and
44b to the working position in accordance wth the revolving angle 0 of

t he erector mnbeiim)anglzmidam friome mpréngr thve mighdr and Lefitd 36 via the
servo valves 72 and to nove the cages 44a and:44b to the working
position. | rPachﬁss‘léasaé‘dt‘ﬂE tr‘b'&}é?\‘l’iOﬂfl&ﬁgﬂ%ltJé“hhﬂ aFcsrdanceages 44a and
44b are cal cul ated b\é addi ng or subtracting preset given angles to or from
the revol w"ﬁd: @V&]—Vﬂﬁ‘@ eretedt ofebhecenectandeyiiam 3%ngle to be

added or subifpged A gkl uF ALYl Be Jegg) Vi ng anal e O

and its deta are gl ven
valves 72 and 73 to move the cages 44a and 44b to the

working position. In this case, the revolving angles

o and P of the cages 44a and 44b are calculated by adding

or subtracting preset given angles to or from the

revolving angle 6 of the erector device 30. The given

angle to be added or subtracted has been set in

accordance with the revolving angle 8, and its details

are given in Table 1,

Table 1
Erector Revelving Angle Cage Revolving Angle
Cage 44a Cage 44D
0°<0=45° a=0-10° f=0+10°
45°¢B=135° o=0-5° B=06+5°
135°¢<0<180° 0=0-10° B=6+10°

The reason why the revolving angles o and p of

the cages 44a and 44b are set in accordance with the
revolving angle 0 of the erector device 30, as

described above, is as follows: The erector device
30 changes in posture according to the position of

revolution, while the cages 44a and 44b are maintained



Tabl e 1 Erector Revolving Angl e Cage Revol ving Angle Cage 44a Cage 44b
0<0s45 a=6-10 (3=0+10 45<6s135 a=0-5 5=6+50 135<6s180 a=6-10 f3=0+10 The
reason why the revolving angles a and R of the cages 44a and 44b are set in
accordance with the revolving angle 0 of the erector device 30, as

descri bed above, is as follows: The erector device 30 changes in posture
according to the position of revolution2iwhile the cages 44a and 44b are
mai ntained 21 in a horizontal state whatever positions of revolution they
are located at. To prevent the interference of the erector device 30 and

t he cages 44in afdprizdetal etalteiviptawgrpoaiahdnédofetrdbutbges 44a and 44b
and the revolving angle O of the erector device 30 are not al ways

di fferent bythe¥oree dmcabegl et .ByTeauavantt ke istekriengnaagies a and 13 of
the cages 44a and 44b as_ shown in Table 1, the right and | eft cages 44a
and 44b cantBe #BYEHOT odeRECQOIRi FRA pelie teaeRs whitz e 44y the  al ways

| ocated at constant distances fromthe erector device 30. A tunnel

const ruct i ngFepeteirgmnglate andfegsi fetenoes acandt 4 andhine will be

descri bed. shown i.n FI GS, % and 10, when the shield jacks 25
e revolving angle § of the erector device 30 are not

always different by a constant angle. By setting the
revolving angles a and p of the cages 44a and 44b as
shown in Table 1, the right and left cages 44a and 44b
can be moved to the working positions where they are
always located at constant distances from the erector
device 30.

A tunnel constructing operation by the
foregoing tunnel excavatingmachine will be described.
As shown in FIGS. 1 and 10, when the shield jacks 25
are stretched with the cutter head 12 being rotated,
the excavating machine body 11 is advanced by the
reaction force imposed on the existing segments S,
whereupon tht_a cutter head 12 excavates the soil lying
ahead, forming a tunnel. Then, the erector device 30
assembles segments S ina ring form to the inner wall
surface of the resulting tunnel. In this state, the
operator bolts the segments S to each other with the
use of the segment assembly scaffold 31, and the shape
retainer 32 corrects the segments S assembled in the
ring form to a round shape and retains them in this
shape. |

The segment assembly operation will be



are stretched with the cutter head 12 being rotated, the excavating
machi ne body 11 is advanced by the reaction force inposed on the existing

segnents S, whereupon the cutter head 12 excavates the soil |lying ahead,
formng a tunnel. Then, the erector device 30 assenbles segments Sin a
ring formto-the inner wall surface of the resulting tunnel. In this

state, the operator bolts the segnents 2 to each other with the use of

t he segnment assenbly scaffold 31, and the shape retainer 32 corrects the
segnents S-assenbled in the ring formto a round shape and retains themin
this shape.degfrihefdn detabhpritlopefarennevid la f2or2chabetsdmi bed i n det ai |
with reference to a flowchart in FIG 9. In Step S11, the control device
74 reads inf i iousIBatteR BH adhenheopdyalvieyiangl £ masts tike erector
device 30, the revolving angles a and P of the cage 44, and the position A
in the foreVatdoHt dahd stdhomsofthenaevadoing angle BpoEiphet he segnent S

I S conveyed int thg exi sting .tunnel with the use of_a hoist (not shown),
and pl aced eé’qcr?rre BVEFPRi Hid theoELYPORLNR AT e At BRE 3becan 1ift the

segrent S, debeSlep Sk dhlie celaqian 30,01 338 shl agATENL S placed at the

predet er m ned “posi t'i on,” and roves segnent " term ned _
?ﬁsgﬂé:oy POYitret idh £ ¥hel BdgeOhal OV I AGHLON 3R sBghEYE! VI N9 action.

S is conveyed into the existing tunnel with the use

of a hoist (not shown), and placed at a predetermined

position where the erector 30 can lift the segment S.

In Step S13, the erector 30 grasps the segment S placed

at the pfedetermined position, and moves the segment

5 to a predetermined assembly position by a raising

or lowering action and a revolving action. In Step

514, the operator gets on the cage 44a of the segment

assembly scaffold 31 moved backward out of the

revolving range of the erector device 30, pushes the

segment assembly position movement button of the cage

operating device 75 to move the cage 44a to a space

behind the segment S held by the erector 30, and stop

the cage 44a there.

In Step S15, the operator on the cage 44a
operates the erector 30 to make fine adjustment of the
held segment S relative to the assembly position, and
then advances and revolves the erector device 30 to
move the segment S to a predetermined assembly

position for positioning. In Step S16, the operator

pushes the bolting position movement button,



514, the operator gets on the cage 44a of the segnent assenbly scaffold 31
noved backward out of the revolving range of the erector device 30, pushes
the segnent assenbly position novenent button of the cage operating
device 75 to nove the cage 44a to a space behind the segnent S held by the
erector 30, and stop the cage 44a there. In Step 515, the operator on the
cage 44a operates the erector 30 to mak23fi ne adjustnent of the held
segnent S relative to the assenbly position, and then advances and

revol ves the erector device 30 to nove the segnent S to a predeterm ned

assenbly poshéreupbnr thestbhopobgdevicSt 2p Sdbs the ©PesByOhg pushes the
bolting position novenent button, 23 whereupon the control device 74 sets

t he revol vi mnghegleeand Anfbid) moeinagOvhe Gddess eagemd4ang ¥¥d to the
wor ki ng position on the basis of the revolving angle 0 of the erector
devi ce 30 byweFReingopesbhipbned ke Horsis aefl the esvalweing iamghet ors 47 and
36 via the servo valves 72 and 73 to nove the cages 44a and 44b to working
positions cl®eE the eveaterdeyise Ihby dhecatorefeanttionbmethet,i s, the cage

44a revol ves “?Hﬁpﬁ diqggtion from behind the hel d segnent- S, then noves
forward i nt % TR WA Ry 8O5PTEh 8 TopBE 30 WRi e RETY¥@vol ves in

EEZ g;ggr ﬁl}%%%/éesg% AU 734 PR thBS ALK LY anBOPAS LS Norping'® Other hand,
poSitions close to both sides of the erector device .
30. Thgt is, the cage 44a revolves in one direction
frmnbehindtheheldsegmentS,thenmovesfdrwardinto
the revolving range of the erector device 30, revolves
in the other direction, and stops at the working
position. On the other hand, the cage 44b moves
forward £rom the original position into the revolving
range of the erector device 30, revolves, and stops
at the working position. In Step S17, the operator
on the cage 44a or 44b performs a bolting operation
for connecting and fixing the adjacent segments S with
the use of a predetermined tightening tool.

Upon completion of the bolting‘ operation for
the segments S by thé operator, the backward movement
button is pushed in Step 518 to bring the cage 44b
rearward to th_e outside of the revolving range of the
erector'device 30. In Step S19, grasp of the segment
S is released by the ascending or descending action
and revolving action of the erector device 30, and the
erector device 30 is returned to the original position.

In Step S20, the cages 44a and 44b are returned to their



forward fromthe original position into the revolving range of the erector
device 30, revolves, and stops at the working position. In Step S17, the
operator on the cage 44a or 44b perfornms a bolting operation for
connecting and fixing the adjacent segnents S with the use of a
predeterm ned tightening tool. Upon conpletion of the bolting operation for
the segnments S by the operator, the backd#rd nmovenent button is pushed in
Step S18 to bring the cage 44b rearward to the outside of the revol ving
range of the erector device 30. In Step S19, grasp of the segnent S is
rel eased by ohégimadngoagtdondescendi ng action and revolving action of the
erector device 30, and the erector device 30 is returned to the original
position. In Step 3ben.t khecsfepesretainessB2assreechesettheo their 24
original positions. Then, the shape retainer 32 stretches the noving jack
66 to nove tREVERPpHITK GEHEC PR e BURBOTT dfuke 64 Foswarénas where the
pressuri zed contact nenp 4 and 65 are opposed to the inner peripheral
c

surfaces of tfe %%g‘?re?l?%l%{g%g Yhere the Prpesitisod Contrtlhact menbers 64
posi tron, ¢ AemESEE 2% BRY & s oP b S dRF ot Ehs LRBEF A HFAEsur | zed
CortoeL TS eler U Bl Al S8 A0 AN B6L paldltffd

contact members 64 and 65 do not interfere with the

segment assembly scaffold 31. At this position, the

expansion jack 63 is expanded to bring the pressurized

contact members 64 and 65 into pressurized contact

with the inner peripheral surfaces of the segments S,

thereby correcting the segments S into a predetermined

shape and retaining them in this shape. |

According to the present embodiment, the

erector device 30 is mounted in the rear portion of

the excavating machine body 11, the rest 28 extends

rearward, and the segment assembly scaffold 31 is

supported on the rest 28 so as to be movable back and
forth. During the bolting operation for the segments
S, the revolving angles a and f§ of the cage 44 are set

in accordance with the revolving angle 0 of the erector

device 30, andlthe cage 44 is moved to the predetermined
working'position with the push of the buttons. Thus,
the cage 44 can be easily brought close to the segment
S assembled by the erector 30 without interference
with surrounding instruments, and the operator can

easily perform the bolting operation.




thereby correcting the segnents S into a predeterm ned shape and retaining
themin this shape. According to the present enbodi nent, the erector
device 30 is nounted in the rear portion of the excavating nachi ne body
11, the rest 28 extends rearward, and the segnent assenbly scaffold 31 is
supported on the rest 28 so as to be novabl e back and forth. During the
bolting operation for the segnents S, t?® revolving angles a and of the
cage 44 are set in accordance with the revolving angle 6 of the erector
device 30, and the cage 44.is noved to the predeterm ned working position
with the push of théngidte aheveTascribpd amiyslidrendansettbngidfy br ought
close to the segnent S assenbled by the erector 30 without interference
Wi t h surrourfdiengevedvingeangleand anskfoplriteocagas 4éasand 4dér f orm t he
bolting operation. 25 1In the above-described enbodi ment, setting of the
revol vi ng arﬁ! @%car%@cw@fthtme@@g@évm anglafipf the ggestdance with t he

| f th formed for three divided
Cr oot or o0 R SPedioRe AL £o enine, My Ree PHE Ry erent of t ho
cages 44a af}:%v%‘l@l%g“ 1%%'&' evﬁgwg)éerprﬁgéggbgl‘; ﬁgeﬁ%.@%d regi ons.

Furthernore, thé s are used as’t but a steel

shel I, for mpRRAnidhntt bﬁbﬁﬁér@aﬁ@é/ Af US0428 LOS o QEHINLBYPET S

providing more divided regions. Furthermore, the
segments are used as the covering members , but a steel
shell, formwork or timbering may be used as the
covering members.

While the present invention has been described
by the foregoing embodiment, it is to be understood
that the invention is not limited theréby, 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.



Whil e the present invention has been described by the foregoing
enbodinent, it is to be understood that the invention is not limted

t hereby, but may be varied in many other ways. Such variations are not to
be regarded as a departure fromthe spirit and scope of the invention, and
all such nodifications as would be obvious to one skilled in the art are
intended to be included within the scopé of the appended clainms. 26 What
is clained is: 1. A tunnel excavating nmachine, conprising: a cylindrical

excavating machi ne body; propulsion jacks for nmoving the cylindrical
excavati ng niBAtndspedaimsdnisd: a cutter head rotatably nounted in a front

portion of the excavating machi ne body; an erector device nounted in a rear
portion of the excavating nmachi ne body and adapted to assenble covering

menbers in a,ring f rqépnt an inner wall surface of an existing tunnel; a
r est extendi%g r ear War IV?@nF§HQVF§&P9 ParhiBa . ofomRELIStBEVaAt i ng nachi ne

body; a revolving fra l.ocat.ed .behi nd the erector device and supported on
g %&93 glcgﬂoﬁ&cgvﬁ%FﬁgaﬂﬂgﬁFPedpPglfion of the :

the rest so as to be _ _ _
exi sting tunnel  sughobhatstie Lex8! ¥hR%id AF A0S SLylindRigi{ere with the

erector device; and
excavating machine body forward;

a cutter head rotatably mounted in a front
portion of the excavating machine bodf;

an erector device mounted in a rear portion
of the excavating machine body and adapted to assemble
COvering members in a ring form onto an inner wall
surface of an existing tunnel;

a rest extending rearward from the rear
portion of the excavating Iﬁachine body;

a revolving frame located behind the erector
device and supported on the rest so as to be movable
along a fore-and-aft direction of the existing tunnel
such that the revolving frame does not interfere with
the erector device; and

a working plé.tform supported on the revolving

frame so as to be revolvable in a circumferential

direction of the existing tunnel.

2. The tunnel excavating machine of claim 1,
wherein:
a shape retainer for making pressurized

contact with inner peripheral surfaces of the covering




a working platformsupported on the revolving franme so as to be revol vabl e
in acircunferential direction of the existing tunnel. 2. The tunnel
excavating machine of claim1l1, wherein: a shape retainer for making
pressurized contact with inner peripheral surf aces of the covering 27
menbers assenbled onto the inner wall surface of the existing tunnel to
retain the covering nenbers in a predet@/ni ned shape is provi ded and
supported on the rest so as to be novable along the fore-and-aft

direction of the existing tunnel; and the revolving frane is |ocated

bet ween t he memketsraskeamickedmth tchéhehhprer atal heurdadesuppeid ed on the
rest so as not to interfere with the erector device and the shape
retainer. 3.e¥hetinaneinextaiatieigimdiieneovkrihg metbersuin beer conpri sing:
working platformrevolving means for noving the working platformto a

pr edet er mi nRFPETEETRHRed Fdane dw; PEPEéted and GupDegtesspnitre det ecti on
means for detecting a revolving position of the erector device; and

wor ki ng pIat?%ﬁﬁ1%%n??OFOnQ%HEOY%Pl%e@%?%% %PevﬁﬁmﬁTEP%mﬁﬁﬁlon of the

wor ki ng plaléf%é% 1o£t§9 the existing tunnel; and

the revolving frame is located between the
erector device and the shape retainer and supported
on the rest so as not to interfere with the erector

device and the shape retainer.

3. The tunnel excavating machine of c¢laim 1,
further comprising:

working platform revolving means for moving
the working platform to a predetermined revolving
position;

erector revolving position detection means
for detecting a revolving position of the erector
device; and

working platform control means for setting a
working position of the working piatform adapted for
the revolving position of the erector device and

controlling the working platform revolving means.

4. The tunnel excavating machine of claim 3,
wherein:
the working position of the working platform

is at a revolving angle from a horizontal reference




the revol ving position of the erector device and controlling the working
pl atformrevol ving neans. 4. The tunnel excavating nmachine of claim3,
wherein: the working position of the working platform is at a revolving
angle froma horizontal reference 28 position; and the revolving angle is
set by adding or subtracting a preset given angle to or froma revolving
angle of the erector device fromthe hor2&ontal reference position. 5. The
tunnel excavating machine of claim4, wherein: the given angle has been
set in accordance with the revolving angle of the erector device. 6. The
tunnel excavgeshiiomchamd of claim 3, wherein: the working platformis
supported in a horizontal state regardless of the revolving position of

t he wor ki ng pl at f or k’heaneveh¥ingr Rhadepliat etnbyoaddbhgnmeans sets the
wor ki ng position of the working platform where the erector device and the
wor ki ng pl atfHRaFELRg aRraset gavanangde e ox temmeamvakisinmce,

regardl ess osition of the erector device. 7. The tunnel

of t.he evol vin
excavatingIﬁﬁﬁﬁqu?{ﬁtQﬁéﬁqé%ﬁgr device from the horizontal

reference position.

‘5. The tunnel excavating machine of claim 4,
wherein:
the given angle has been set in accordance with

the revolving angle of the erector device.

6. The tunnel excavating machine of claim 3,
wherein:

the wdrking platform is supported in a
horizontal state regardless of the revolving position
of the working platform; and

the working platform control means sets the
working position of the working platform, where the
erector device and the working platform are close to
each othér at a consfant distance, regardless of the

revolving position of the erector device.

7. The tunnel excavating machine of claim i,
wherein:

the revolving frame is moved back and forth,
whereby the working platform can be moved into and out

of a revolving range of the erector device.




wherein: the revolving frane is noved back and forth, whereby the working
pl atform can be noved into and out of a revolving range of the erector
device. 29 o 8. The tunnel excavating nachine of claim3, wherein: the

wor ki ng platformcontrol nmeans is constituted such that an operation by an

operator controls the working platformrevolving neans to nove the
working platform to the working positio29%m®d stop the working platform at
t he working position. 9. The tunnel excavating nachine of claim1,

wherein: the working platformhas a working step protruding forward. 10.
The tunnel excavating machine of claim9, wherein: the working step is
constituted by a front wall portion of the working platform pivoted
forward. 18. The t Theektubnedvakicayatdngi machfinel afmcQaimmderein: the

wor ki ng step_.is constituted by a bottom portion and a front wall portion

of the wor ki¥fTed#mt f orm sl i di ng forward

the working platform control meéns is
constituted such that an operation by an operatbr
controls the working platform revolving means to move
the working platform to the working posit;lon and stop

the working platform at the working'position.

g. The tunnel excavating machine of claim 1,
wherein:
the working platform has a working step

protruding forward.

10. The tunnel excavating machine of claim 9,
wherein:
the working step is constituted by a front wall

portion of the working platform pivoted forward.

11. The tunnel excavating machine of claim 9,

wherein: |
the woxking step is constituted by a bottom

portion'and'a front wall portion of the working

platform sliding forward.



