;e3ea\\]l _X f*a6 aTaes; The entire disclosure of Japanese mmmwmlmm“
Application No. 2001-167600 filed on June 4, 2001 and Japane L ’
App] i cation No. 2001-167601 filed on June 4, 2001 includi ng specifiseati on,
clainms, drawi ngs and sunmary is incorporated herein by reference-in its
entirety. BACKGROUND OF THE I NVENTION Field of the Inventiqg IS . avention
relates to a tunnel excavating machi ne, slich as a shield e%ﬁ@ @ﬂllwm[w
tunnel boring machi ne, for excavating the soil and assenbli

menbers, such as segnents .’Pﬁﬁ& face of the S8 o
construct a tunnel. Descr?%’teﬁ%ﬁ %?8}% a e%lvi%‘%H a general tunnel
excavating machine, a cutter head is rotatably nounted in a front portion
of an excavating machi ne body. Many cutter bits are fixed to the front

surface of the cuttefhdeathi b dfs@dduie BRIdparddseePdt@m: rear portion of
the cutter head, and a drive gear of a drive notor nounted on the

excavating magp1ieatadn N6.i 200ESIEMdrfihedrdguseas, 290 dhal ity of
shield hacks are arranged parallel in a circunferential direction in a rear
portion of tJapaneaeaPabgntedppicdtidih Nohe2ehi €l 6760t i€t ladon ., e 2
stretched rearward in an excavating direction and pressed agai nst existing
segnents, so Junat 4t,h@0&ic dwatliudd ngaspecdfthodyionn bdadmsed forward by a
reaction force generated thereby. An erector device is provided in the rear
portion of t|¢rawiageaendg swiarye Isodpcoandratedehesedn BE¥vi ce nounts new
segnents in a space between the excavating machi ne body advanced by the

shi el d j acks T&F@TeREeens ditisy eadd¥@t¥s, and assenbl es the new segnents in a
ring shape. Furthernore, a rest extends rearward fromthe rear portion of

t he excavating machi ne body, and the rest is provided with a segnent

assenbly scaffold for wa%ﬁ Sﬂﬂﬁﬁ»ﬁ‘%fd by the erector device,
nyg trne

and a shape retainer for My=stapeud segnments in a

predet erm negy3Raree( kR & k8 on@ round shape). Thus, when the shield

j acks are stf‘é‘t—ﬁg'wgﬁ“r%%ﬁc i r head being rotated, the excavating
machi ne body is advaiped 1Bvehts ohepsid ¥l ter & L urt®tl bkBavaE oAyt he pushing

of the shield jackets against the established segnents, whereupon the

cutter head maehdnesSsudle av0alsHiwlierbevditot @rTa@inhdliBoeingThen, the
erector device assenbles segnents in a ring formto the inner wall surface

of the resul machinennébr Axcawatdngr thel sgilhendegssamblingeach ot her while
standi ng on the segnent assenbly scaffold, and the shape retainer corrects
the ri ng-shagéyegéggemaglbpgs, 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
a ring gear 1s 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



t 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 segnent assenbly scaffold nove in the circunferentia
ditection within the constructed tunnel . Thus ( the erector device and the
cage of the segnent assenbly scaffold are disposed in a displaced manner
relative to each other in a fore-and-aft 2lirection in order to prevent
their interference with each other. In this case, while the erector device

is holding the segnents and | ocating and retai ning them at predeterm ned
posi tions, tﬁg:rd’ﬁ%hﬁdorr%@dt 3 | e&ﬁaf’ﬁéieagggﬁﬁ&t?rﬁ%aﬁgar t he segnent

nbl it d t.h t ti | ti th t
oget het it IIORESasAg Y 63 =E A5, s58PRERe. BPoEPAF 4B ce and the cage

are 0t spl acelLaRaae ldiSng Bod®cL’ 8e ik cLLEEH g9 aThuS. the

operator riding on cage’is spa a predeterm ne ance fromthe
bolting siteQf ﬁﬁ%@ a4 qdichEl ty in performng the bolting
operation. Sm%é Iﬁ\?klgl%?la%\ldle'l:ie‘l Ii"):%ggsrent i nventi on has been

acconpl i shed in an aif esPdctdr SRVERed N FIVRARNUHIORE Ml ems . I ts

object is to provide a tunnel excavating machi ne which increases the
efficiency opoatiass@iblthe extatptindy mach@heabeayer ang gRgber) Accordi ng
to the present invention, there is provided a tunnel excavating machine,
conprising: eregtorddevhte momiat ney segnienmies hady ;spacepbesweanhacks for
nmovi ng the cylindrical excavating nmachine body forward; a cutter head

rot at abl y nokhee¢xicavatiingnmagbineohody afvangedvhyi hhenabhiehd body; an
erector device nmounted in a rear portion of the excavating machi ne body and
adapt ed to adacks anddherexistingeesmppts. Andhassenbdasthnewner wal |
surface of an existing tunnel; a rest_extending rearward fromthe rear

portion of tREIEeRYFAn AFing shagepofnrihe % BFFFLREteBEst ed behi nd

the erector device n%rsupgﬁrted rest as_to_be. novable along a
i

h
f or e- and- af t *APFUER 6 Eerd: Phytebiner “BofherRarStiBY evol ving frame
does not i nt GelsiuG bl | NFPEEE P9 6oy FA0ad 1Ny BEaRLL! o7

supported on the revo rane so as t e revo

ci rcunf erent a3l efii§CEERPES1a 1YY BELELEO Y 3R ment s 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 lying ahead, forming a tunnel.
Then, the erector device assemﬁles segments in a ring
form to the inner wall surface of the resulting tunnel.
An operator bolts the segments to each other while

standing on the segment assembly scaffold, and the

shape retainer corrects the ring-shaped segments to



Thus, the working platformcan be brought close to the covering nenbers
assenbl ed by the erector device. Hence, the operator can easily performa
bol ti ng operation, and the work efficiency of a segnent assenbly operation
can be increased. 3 In the tunnel excavating machine of the invention, a
shape retainer for maki ng pressurized contact with inner peripheral
surfaces of the covering menbers assenbl 8d 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 al ong the

f or e- and- af t2 dnedetiedmigred ghapgiand xgtadnscthemda this shapes ng frame nay
be | ocated between the_ erector device and the shape retainer and supported
on the rest so as n¥tthothehove-deganinad.caperplondd Mgl t he shape

[ . Th h Ki I be. b h I h [
renber s assRAEtA EE MAHUR oF RRLOTRELoR, ANGAHS MRECP (AENGE of (he

wor ki ng pl at i h r i ce,. t operator can easil
perform a boIt'I?% %%Ié}r‘%tig%%% %%%ﬁ%xﬁvyha?inngﬁﬁeacﬁi ne of the i nvenI/i on
may further ?PE@&:I,?&MK gdﬂé?ét’fﬁsr{“v& Vi tHb Bkt ¥t dBVi NG the

working plattormto a predetermned revolving position, erector revolving

posi tion detgedddD, MRS [ She XSt AetriicRV2hd ItHE BAgbIOLEHY the erector
devi ce, and working platformcontrol nmeans for setting a Wrking position

of the worKkigeggnmdiet aysemdgscdtfo1d die asypbyéddnpadilspliacedd t he erector
device and controlling the working platformrevol ving nmeans. 6 Thus,

t he wor ki ng mamiéorreative to cagii othese 1o d& forescand-af trenber s assenbl ed
by the erector device, easily and in a short tine, without interference of
t he wor ki ng ¢plradiion dint brderx touprevent rihedn tntepfexencewidier at or can
easily performa bolting operation, and the work efficiency of a segnment

assenbl y ope?agh @themr bdn fhisagage. | whike ths fyectora@eviie® nachi ne of
e

t he invention, the_ workin osition of_ the working platfar y be at a
revol vi ng antf ¥R i epts &g RAHRS tq%én,reé’ﬁ&“gjl’i’é’ revol vi ng

I b ddj b ' i I f
Fevol ving aniTeh G BRE YT EETOPeHobP B PO « FAS KR AN P eReer ence.
posi ti on. Thitsysbileof W4l ¥hiE SHIPhEvE ndLF U SLogell ALLALIGAN e set

easily, and e working p orm can be nove ~the working“position
easily. In thes{ithdie] aRECeNEA IdarTRElt Nh @perle1bAVASY bRALtinlye given angle

may have been set in accordance with the revol ving angle of the erector
devi ce. 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 INVENTIO
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



Thus , the working platformcan be noved to a position close to the erector
devi ce, regardless of the revolving position of the erector device. In the
tunnel excavating machi ne of the invention, the working platformnay be
supported in a horizontal state regardl ess of the revol ving 7 position
of the working platform and the morking‘flatforn1control means nmay set the
wor ki ng position of the working platform4where the erector device and the
wor ki ng platformare close to each other at a constant distance, regardless
of the revolving position of the erector device. Thus, the operator can
easi |y perforopegaidion f@m Fercaeveding agmb@ress of the revol ving position of
the erector device. In the tunnel excavatlng machi ne of the invention, the
revol ving frame may MREOFARG Hit EhanBresenh INFRIMEAR « RS kBng pl at f or m
can be noved intg and out of a revoIV|n ranﬁg of the eregtor devi ce. Thus,

the working B é‘aﬁ“&‘é’%\?é‘&ae’l"’&%& t BaCheDgy cCPBPTHEYPESE, with
prevent ed. In t hé“?uiﬁixfﬁwgﬁ%#ﬁef‘%ﬁ s BeSHBE 5PEE on, “the wor ki ng
pl at f orm contr ol ﬁﬁédgﬁz|ng ;ﬁg@% Hﬂh?9m§H$@ Eh@t gﬂiﬂﬁfiéhion by an

operator controls t ormrevolvrng to nove the working

platformto the iy ﬂg@ﬂﬂﬂdo%oggdfggggrhhe mnrklng platformat the

wor ki ng position. Thus) operability novi ng the working platformcan be
increased. In the tupnalt e avadd NS TEREEIRE nfunitied i1hv nier@ht t he wor ki ng

pl atf orm may have a wor ki ng 8 step protruding forward. Thus, the
operator canpatiilon WEYaheolekdadating machine body;

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 machine 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 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 can easily perform a

bolting operation, and the work efficiency of a

segment assembly operation can be increased.



with the use of the working step, and carry out a bolting operation for the
covering nenbers adjacent in the fore-and-aft direction. In the tunnel
excavating machi ne of the invention, the working step may be constituted by
a front wall portion of the working platformpivoted forward . Thus ( a
wor ki ng space on the working platformcan be wi dened easily with a sinple
structure. In the tunnel excavating nmachifie of the invention, the working
step may be constituted by a bottom portion and a front wall portion of the
wor ki ng platforn1sli&in forward e_on the working

Th Ki
platform can be wi der8d *B8sithpned; Fﬁggﬁ?F?Bgne'h?égg?éltoggth?he oper ati on
bei S T g T t ] ti il
becone more. (TSN GhARr of QONPRT oh CAEA O e Bt B e o
her ei nbel ow aé@rrf@@t %B&ﬂmﬁm ggrﬁéﬁiﬁgﬂ%u‘i‘f‘a%@saéfﬁﬂb%et}}in"@y of
onl y, an not [

illustration nd thus are | Mmtative of the present "I nvention,
and wherein: pgdfherds 'és&nmmwt]@ ghé&ntivwail19shHBR86 SXadeat i ng machi ne

according to a first enmbodi nent o
existing tunnel to retain the covering members in a

predetermined shape may be provided and 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 tne erector device and
the shape retainer and supported on the rest so as not
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 perform a bolting 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
detection means for detecting a revolving position of
the erector device, 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.



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 view
taken on line II1-111 of FIG 2 showi ng a slide nechanismfor the segnment
assenbly scaffold of the first enbodinent; FIG 4 is a front view of a
cage; FIG 5 is a sectional viewtaken on line V-V of FIG 4; FIG 6 is a
schematic view of the segment assenbly 8caffol d showi ng a bol ting
operation; FIG 7 is a side view of a cage applied to a tunnel excavating
machi ne according to a second enbodi mrent of the present invention; FIG 8
is a block diagrantBisa tshgnwarkingepbatfownean ppIbreught a t unne

excavati ng machi ne according to a_third enbodi pent of the present
close to the covering members assembled by the erector

device, easlily and in a short time, without
interference of the working platform with surround
instruments. Hence, the operator can easily perform
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 close 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



invention; FIG 9 is a flow chart for a segnent assenbly operation; and
FIG~10 is a front view of a segnent assenbly scaffold according to the
third enbodi ment. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Enbodi ments of
the present invention will now be described in detail with reference to the
acconpanyi ng drawi ngs, which in no way |limt the a 10 invention. [First
Enbodi ment] In a tunnel excavating machf ne according to the present
enbodi ment , as shown in FIG. 1, a cutter head 12 is rotatably nmounted in
a front portion of an excavating machi ne body 11, and nmany cutter bits 13
are fixed P@sdfdons oft ther wesking pRetéaormer andaghe2vworkinag gear 14 is
fixed to a rear portion of the cutter head 12, while a drive notor 15 is
attached t 81BkEOLR-SOBEFAL MEBRF fBAHARE the ¥egking, posittar 16 of the
drive notor in. esh with the ring gear 14, Thus, when_the drive notor
RS Lt s

e
15 is drivef Elbé?”&r gR PTl. Jiigre fhe erectet devleeq@Rd can be rot at ed
i h i . bul_khead_17 i t hed, t h ti hi
body 11 beRfsd “PRKAg, PLAYE SRR #58 cliad, BraRte, SthoF SF Cfnad betveen t he
h h f j d d di sch
e 20, oGoheLARt, higeRHLENCalortai Sl e’ B0 PLOBIITAELC T G Choavat tn

machi ne, haygithenobgetnendseepel HBviLE. Chanber 18. An agitator 21 for
agitating and m xi ng excavated earth and sand and nuddy water is installed

near the opening dahus)e thel ofexdtdrIRan BAsdAdy Pee@RY¥mCHI ter (overbreak
cutter) 22 is provided at an outer peripheral portion of the cutter head

12. A man botkifig bperakibnngrégardléss ne£hthe réveleimgled in a front end
portion of the excavating machi ne body 11, and a 11
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 revolving means to move
the working platform to the working position and stop
the working platform at the working position.

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

In the tunnel excavating machine of the

invention, the working platform may have a working



chemcal liquid feed pipe 24 is provided in the outer peripheral portion of
t he excavating machine body 11. A plurality of shield jacks 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 agai nst existing segnents S, so that the
excavating machine body il, namely, the dhtire shield excavating machine,
can be noved forward by a reaction force generated thereby. A ring girder
26 is fornmed in the rear portion of the excavating nachine body 11, and a
rest 28 exteatlepgproéirwdidgi $ofward.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 JdMsoe the opexaiorc¢adneaBdlywno¥p E£pEWard . The erector

device 30 can nmount new segnents S in a space between the excavating
machi ne bodyWithalbaneea Bg the warkingj seqR. 2P RAEHe 4t sRing segnents

S, d I h i i h . F , th t
%5 1 provi dBALHLRR GPSEGLENE LAk BB FOYERANG) BOBESTBAIREERE | he segnont s
S nbl ed | i f t devi 30, d h t ai
32 For cor r et HS: FePPr ABACRAb A ERSRERR S S Tnt o a pr edet erm ned shape |
f | e, LAl t kRt hi . Inth
Segnent assenbly sodrt Sy Fnted EXAa: ! Aabhfa! B ehga0e [N 1Ne

hori zont al | ys FpYARY 6nbeafd 3Rot106Rs Gt die HaldbbNEoRE £ RE SNy G8 30 i

supported by the rest 28 so as to be rnovabl e al ong the fore-and-aft
direction of ff6ftewasli pertionNcds ©hé WSrNing pratEo® plvets®wnwar d
C-shape is attached to the horizontally novable beam 33 via a plurality of
support beanBoB#Ward.drive notor 36 is nmounted on the rest 28, while a rack
37 is fixed along the fore-and-aft direction to the horizontally novable
beam 33, and a gear T3®isof atwarkiing/epaoeocon 3he workingghlakfidrmw he rack 37.
Thus, when the drive notor 36 is driven to rotate the drive gear 38, the
revol vi ng fréa® Be widenedneaetlyl whth thesineple Hirudtux® rection via the
rack 37 and then via the horizontally novable beam 33. A sliding encoder
39, which engages tH& thek tinngljeyepyatingnBaghine°bothei on of the
revolving frane 3 i S unted on the rest 28. Posjijo nsors 40 and 41
for detectin Yﬁ’éébﬁgi’t ?‘ls“"?ﬁqdfrb(’r ® We%r@n@%ﬂ%it‘ég?é\;’%l %ovenent of
the revol vi e 0 o] i e gui de 43,
Pettaihatt Mol o cIBHE v B0k BE0R B thlydhibAy

whi ch supports a ve ca 0ose or an cable ) 42
connecting 3 iitF¥ErmOysi £814§ 0k oSoM) | oaded on the excavating nmachi ne body

11 to the drive notor 36, iS attached to the underside of the horizontally
nmovabl e beam 33. Twerhe@ges whkkidy whakensh phel f6rKing PlatAigwrted by the
revolving frame 35 so as to be novable by a drive nmechanism 45, and these
two cages 44cam de widlenedreasitygl wabchtsufifdcientesabétyeobltiea on and have
the sane structure. The drive nechanism45 is constituted by a ring gear 46
provi ded al c*Rexatlonteeingrepsiaredof the revolving frane 31, and a drive
gear 48 of a drive notor 47 | oaded on the cage 44, the drive gear 48
meshing with the ring gear 46. Thus, when the drive notor 47 is driven, the
drive gear 48 rolls 4? I L0g Ablh. hg i g, gear 46, whereby the cage
44 can be noved al ongtfre—Evotvitig qre—oo——mac - tirs tinme, the cage 44 can
be maintained in a ri S e I id ] of the

revol ving frane 35 ?ﬁg éggé 5-#&?5&5%&% giaﬁe§%¥€+%3“§%%é§§$'49 for
detecting t i e f 14 IR the cage 44. A
cabl e gui dehgtf%%&gﬁiﬁ%%%}fad%%vﬁ?b{%fgg} conntg&étq’iegg a drive source (
not shown ) H&AsHtbETow hEtERY abbBfipARFIhGCaPAfindd witLdharege 44 , is
attached to the outside of the revolving frame 35. The cage 44 has a
support wal lgbrers uppawde by liheti-atebri 691¥ | admd Fhus & twyd pl ate 53, and
a front wall 54. An open/close door 55 is nmounted on each side of the cage
44 |, and a vigind tet stepofothe mte sentt dmaeertlion praond ebetx®ingn upper portion
of the front wall 54. The working step 56 has a | ower end portion pivotably
attached to the froRIGwall ig84apychempbic siddg twies ofamd tunngdapt ed to be
positioned in a horizontal state by right and left |ink nmechanisns 58. In

t he shape r @%§aeating mehdpepceording te a firstemppdimentiof ai| 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 upper outer
tube 61 and a | ower outer tube 62 are fitted to the support tube 60 so as
to be novable relative to each other, and an expansion jack 63 is

i nt erposed between the outer tubes 61 and 62. Arcuate



pressurized contact nenbers 64 and 65, which can be brought into

pressuri zed contact with the inner surfaces of the segnents S, are attached
to the front ends of the upper and | ower outer tubes 61 and 62,
respectively. A noving jack 66 is nounted on the rest 28 , and a drive rod
67 of the noving jack 66 is connected tqQ the support tube 60. Thus, the
noving jack 66 is stretched to nove theYsupport tube 60 forward, thereby
novi ng the pressurized contact nenbers 64 and 65 to a position where they
are opposed to the inner peripheral surfaces of the segnments S which they
are to hol dthatpregenpoipyenklorhe expansion jack 63 is expanded to bring
the pressurized contact nenbers 64 and 65 into pressurized contact with the

ri ng-shaped segnenfdCs ¢i 45t ALNRIHe Vet ofoRefodmert 338RPH and 62. As a
result, the_se s_S cap,be corject to a predeterm ned shape and

ret ai ned ins?ﬁggggéa %9°FﬂiPﬂe€%oéP?igﬂﬁfgr%méhéibﬁﬂﬁﬁo anmong the erector
devi ce 30, the segpmnt | 1 ther e retainer 32
configured in the gﬁ%véggégf?%%ﬁfﬁgﬁ%gFgwﬁ%E“¥%§%§§ eé@@%ﬁ%ﬁ@ scaffold 31

moves back @Pdﬁ'f@ftihsr?dlﬁrcfga% 519480 HeBRahEAL fgg‘é‘iﬁ{li)ér’bggl%n?“wi de the

swi vel or revolving range t he erector device S the shape

retainer~32a§§éﬁbifr§c&ff81&h@fefKthErgﬁvéﬁﬁbéghéﬂtihe segnment assenbly
scaffold 31, when the shape retainer 32 noves back and forth. A tunnel

excavating operati @rchy 4t hg Boregatngibwnoel acsageati ng machine will be
described. As shown in FIGS. 1 and 2, when the shield jacks 25 are
stretched with theFaGtt 8riseadselt fvaialg viewatakent b Ewawaty ng machi ne
body 11 is advanced by the reaction force inposed on the existing segnents
S, whereupooftREGcu4t er head 12 excavates the soil |lying ahead, formng a
tunnel. Then, the erector device 30 assenbles segnents Sin aring formto
the inner wall surFa6e 6f ishe sebemathg vdewepf thetisegmenbtite, the operator
bolts the segnments S to_each other while standing on the segnent assenbly

scaffol d 312558MPIHcSCRERRLE FRIHERT D BRI Y ING ORgFa M ents S assenbled in
th i f t h d t ai th i t hj h . That is, th
e ect or Jdout ce 90 ErBend TRER S SR A PRHY Perlta R Mo unpel
d bl i al i j i , Starti t
Fover poort TadE RREEEIAG dalol P ISR ¥ ROSIAP, STATT 19 At @

assenbl y scahbodfinede SAIHOVSSedcht NEnRGSEidin of assenbly of the segnent
S. At this position, the operator uses a predetermned tightening tool to

performa bolting ppera i babcraEftdmeradelinshtGddumbagi acent segnents
S. In this case, the cage 44 is noved forward, along with the revol ving
frame 35 , dgvide applredvtora funnel |estdwevaiaigey 4bhdksine ought into the
revol ving range of the erector device 30, whereafter the cage 44 is noved
ci rcunf er erR¢eording tdea dihizd erbadingny o mhid onesemdproach to the
erector device 30. As shown in FIG 2, the operator bolts the

ci rcunf er ertPEBMAQRY acent segnents S while standing in the cage 44. As
shown in FIG 6, over, the. operator also pivots the rking step 56 of
the cage 44 forwarg,iggﬁsisbﬁ ﬁl% WG W §oF 8pSedment, fsge the segments S
adj acent ir#éégéé lg;qﬂgiaft direction by bolts. The shape retainer 32
stretches ttfe " nhoving jack 66 to nove the support tube 60 forward as far as

a position, where FF@“p:[?es_lssurai Efgn W%Bf‘ﬁ’s@%xﬁerﬁéa@&n@iyﬂre opposed to

t he inner peripheral surfaces of the segment such that they do not
interfere widdeddig SRUBE1 AP S ne SAlid|dhbdlindntl.hi s position, the
expansion jack 63 is expanded to bring the pressurized contact nenbers 64
and 65 into pressurized contact with the inner peripheral surfaces of the
segnents S, thereby correcting the segnents Sinto a 17 predeterm ned
shape and ret ai TDBBCK | THEs [PRE

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

accompanying drawings, which in no way limit the



According to the present enbodinent, the erector device 30 is nmounted in
the ‘rear portion of the excavating nachine body 11, the rest 28 extends
rearward, and the segnment assenbly scaffold 31 and the shape retai ner 32
are supported on the rest 28 so as to be novable back and forth . Thus ,
the cage 4 4 can be brought close to the segnent S assenbled by the erector
device 30, so that the operator can eaé“]y performa bolting operation.
Mor eover, the working step 56 pivoting forward is provided in the cage 44.
Thus, the operator can easily nove forward with the use of the working step
56, and cariyvemtienpolting operation. [Second Enbodinent) In a tunnel
excavati ng nachi ne according.to the present enbodinent , as shown in FIG 7
, a cage 61IFirspmbedinen®l having a support wall 62 supported by a
revolving franme, d uble-bottﬁné | ates, 63 and 64, and rj.ght .and left

g

open/ cl ose doors 637 frbURRL caR RN maching acgy % 9 dabl e forward
i det i.ned t the d | ezbatt | af, 63 d 64, d
attachi g aEhe GESEY eRbodReREC Cad Kha drERe, L B B, op 6o, R ghi
and left chai r he_  f f & wor ki n te
66 so that ?&%%gtg?fﬁgﬁf*%#%ﬁtd g?f% %é’%éﬁ@;ﬂg ?/\%%% ng slteg ESS6 !Os
moved for""aé:gca\?_g'l':'fng 11 voaRCHe, Qﬁ&'rﬁ@n?séﬁ@d?%fﬁe 13egnent to a

predet erm ned position, the cage ™61 is noved Torward and al so noved in the

ci rcunf er endtals idida@ €bi Ble Widrlt bhir2RBs WEDS Eet8EGLdAd 19eVi ce. The
operator bolts the circunferentially adjacent segnents fromthe cage 61,

al so slidesatdifigngestNg skeflxed 06 4 reagagsrtilod efvetié cutitaads t hereon, and
bolts the segnments adjacent in the fore-and-aft direction. [Third

Enbodi ment |hé&adck2 a whirlkeela alciareamotpmddhiise addaahdidnd o dhiehe present
enbodi ment has practically the same configuration as described in the

af or ement | ekerVA¥ing magbdnecbedy ilils ard & Avdiveasay pbioh the onitted.
According to the present enbodinent , as shown in FIG 1, the cage 44 of

t he segnent@Bke@mptPTrskhiolnmesh)wlEhthpatindBrarted TW¥Sa predet er ni ned

ti ition, th 44 | | t t held by th
o cctor  deaien $9¢ AREematisr 187Te drdver tBoERALS e BE0¥Ang acti on by
th t deyi [ I ' : f ti d
Lunnel - oxceRAT AG - ot s e T 12 R IR R PR WA W S 7 UC e or °47

for revol vié‘%fhﬁ.cage 44 in a circunferential direction via the revol ving
frame 35 is hydraulically

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 opening 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 portion of the excavating machine body 11, and a



19 actuated, and can be driven and controlled by regulating an oil pressure

supplied froma power unit 71 by neans of a servo valve 72. The drive notor

36, which slides the cage 44 in the fore-and-aft direction via the

hori zontal | y novabl e beam 33 and the revolving frame 35, is also

hydraulically operated, and can be driv%q and controlled by regulating an

oil pressure supplied fromthe power unitt 71 by a servo valve 73. The servo

val ves 72 and 73 can be controlled by a control device (working platform

control neans) 74. The control device 74 receives inputs about the

revol vi ng affeBigadsligeiddeedspinen4 $sdprevided iy fheevuterng encoder

(not shown) | oaded on the erector device 30 ( the revolving angles a and ~

of the cageP2¥ipBergdaRrpiiomet e excayatingdeaahine bedy 8ihe position Ain
detected by the sliding encoder

the fore-and-aft directio f the 43

39. As shown in FI & ,ra[]ﬂ%yrg oﬁgiggda QFESBZBf?A;E]?IFa’éF%’&ﬁ%‘F dFvi ce 30 :s
le f i f i L] 0 j t i

ce and - of PRRELEEE SR b ERFERERHERE Al e thondn R Teuhe and 1ert 0

cages {42 2hgr-¢48y/dOThb M AYANN Aok HIE bERGA OSIhOh fe19 4 Ca0E

operating device /5 1s connect € contr devi ce and the cage

operat i ng dfuiks 7§ arel S8sbtoRSa ardLrVRES RVATRcVY Ay a backvar d

novenent button, a segnent assenbly position novenen , and a bolting

posi tion nogesestibntdmipres20d HysEinst ek St ihd e efmen tOkLL iglg operation for
the segnents S, the control device 74 sets the revolving angles a and ~ for

movi ng the thghtthadekeavatiye maddnine bddp 10, trinemy Kitlge position in
accordance with the revolving angle 8 of the erector device 30, and can
drive the dentireshdeddexcanhtlthgmachhpeseandbembved fidrwel 73 t o nove t he
cages 44a and 44b to the working position. In this case, the revol ving

angl es a anely -2 spachdopgfprce ggngnatedhthexehynd cdl ning diyrdaiti ng or

subtracting greset %lhven anﬁlles to or fromthe revolving angle 8 of the
erector devfelB0otoTRed oln ethe KRar (RPN R the aXavRting has been set

in accor dann(\:aecl\{\irgg I;Ohday rﬁ\{ogr\{ang raerg 388éxg2gdj.xt1§ :f'jee&}zavizalus'd 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 ln 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 the segment assembly scaffold 31, as shown



are given in Table 1. Table 1 Erector Revolving Angl eCage Revol vi ng

Angl eCage 44aCage

44h0<8s45a=8- 10=A+1045<8s135a=9- 5~=6+5135<0s180a=8- 10~=8+10 1 The reason
why the revol ving angles a and (3 of the cages 44a and 44b are set in
accordance with the revolving angle B of the erector device 30, as

descri bed above, is as follows: The ered®or device 30 changes in posture
according to the position of revolution, while the cages 44a and 44b are
mai nt ai ned 21 in a horizontal state whatever positions of revolution they
are | ocat ed1B{FIGSrol faeF et honbzontal v movedlefbean 38rkacatedievi ce 30 and

the cages 44a, ,44b, the revolvin ag;&)lt es a and ~ of the cages 44a and 44b
and the revBehiRg thgyezestor davice 0 df suppQwEtesd by hagtest ways differ ent

dha and 440 RS8R PAmeEpbLe o R Garerdad Bt AL 4m and 445 ean
b d h i Lt I I d

dis@ie; ??%m&*%‘e’éfé%%ﬂfﬁé?sh%ﬁééé- 30" TRCATHED ESATE 4B S%ESeL Stion by
FI S 1 ande o HeRd C THERE L0 Ce REME 1 fen e by " e QU ter head
12 being 1 ohgb&aB1e bane 832V ek AGHIRAN NS REI¥upott Vﬁ%&@w by the

reaction force inposed on the existing sSegnents”S, reupon the cutter

head 12 excrvatiee thetcaOide 1y mouaiteadonl ehgi FEse daNRi1eTREN, the erector
device 30 assenbles segnents Sin aring formto the inner wall surface of

the resul tinackBihdls. firefihakorsd aihe fobe-aparaforabréétismacsegnents S to
each other with the use of the segnent assenbly scaffold 31, and the shape
ret ai ner 32thehoadizontiad lyegoeablte Pemgsddblazdl argadme 38i off ther mt o a round
shape and retains themin this shape. The segnent assenbly operation wll
be 22 des@FimR@oterdis dis immeshretth dhecrack 37| ofhesamhenn FIG 9. In
Step S11, tI&%écontrol device 74 reads in various data such as the revolving
angl e 8 of th@ A& BPtaEIeds38riven e yot@teythadrlve 989F ~ of the cage

44, and th osition AJjn the fore-gnd-aft directjon of the cage 44. In
Step S12, t %’s fiv ‘fjsn%oqf\'faé%d?aﬁnrﬁa&%br?e eé[ i%ntguﬁlt?@l with the use

of a hoi st t 1 )d 4 I d t i.he sition where the
erector 30 fc%lﬁl@lﬁrfdtj%e dsiergf?rcrejﬁt&sﬁiﬁntg%el_ga@&g??ﬁ?{e&ng?’é%% 430 grasps the
segment S pmé:%ﬂtzom%meﬂs%&wa%rp@%!.t:%slofa%o%ﬁ%akh}e segment S to

a predeterm ned assenbly position by a rais ring action and a

revol ving a4 whidhefyageSléhe rdtk 3reanliode 866 Es Ahe h@v@.ﬁge 44a of the
segnment assenbly scaffold 31 noved backward out of the revolving range of

t he erect orpaEiiizm 8@ theusvesd viing fegnerds adsemblyte@wri ithe novenent
button of the cage operating device 75 to nove the cage 44a to a space
behi nd t he ZR&fn2Rt Pomlyleny sensossetl and3tl fondeteptine tbage 44a there.

In Step S15, the operator on the cage 44a
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 11 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



operates the erector 30 to nake fine 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
position for positioning. In Step S16, the operator pushes the bolting
positi on novenent button, 23 whereupon the control device 74 sets the
revol ving angles a and ~ for noving trmﬂ%ages 44a and 44b to the working
position on the basis of the revolving angle B of the erector device 30 by
t he aforenenti oned nethod, and drives the drive notors 47 and 36 via the
servo val vesymmetyricals ahoutotbet henteayest 4evaltt Yotb and haviei ng positions
close to both sides of the erector device 30 . That is , the cage 44a
revol ves i thshSane &nugtuteom Bbri Agivaemaehanisynghtls t hen noves
forward into the .revo] ving range of the erector _device 30, revolves in the

ot her di r eIt ELPE A TP IRARALBTRYV ARG ALBRI the PHECBt her hand, the
44b f. th i gi.nal it into th |

of “the or e EIRRE B2 athE Rayydne e Rane i, and e i st BRAT posi t1 o, 1o

fSt ep Sl7, tlfheo?;pfgi-%t?&reﬂ@tc%ﬁ%?cgggdé&%n%hé ggeegl(?.ri{fﬁe ?ﬁ?glet' ng operation

or connecting and fixing the adjacent segmen i & use of a

predet er m nag,t kghéeﬁgegﬂgg Waeh tﬁ?%gn%g%%\g?gqn fhubh&; tha9 operation for

the segnments S b oper at or, novenent button is pushed in

Step S18 t @inieNot b £RY8 dtAkrenSatNEat1ve ddier A8L: 6 QhillBe revol ving
range of the erector device 30. In Step S19, grasp of the segnent Sis

rel eased byneshnasweeHi tie 2ingdegen die) wiiet oo thddcagy Waveag action of the
erector device 30, and the erector device 30 is returned to the original
posi tion. e SbepdSIong thecageslvilng dirhmbiB5ar eAt ahisnedmeo their S 24
original positions. Then, the shape retainer 32 stretches the noving jack
66 to nove thieecagppédtcanihe sainsained o & Hordgoatpdsstata, where the
pressuri zed contact nenbers 64 and 65 are opposed to the inner peripheral
surfaces ofMoRattel Rch rosifian ofithe reviolydng frame 3Snthet nmenbers 64

and 65 do not ipjerfere with the segnent assenbly scaffold 31. At this
posi ti on, toﬁge;‘{;{)gﬂgpgﬁc}’\fack Teyqly ﬁﬂ‘a%@e’f ggbﬁlqﬁéefzﬁ%t Rdssuri zedI

contact ne r | ot o pressuri zegd, cont with t i nner
peri pher al rpgl%r iggggaglgo?%%ié%gonfgr'f?'s% g?g%‘hg?e %/'“é%g’ﬁ‘rtee& Pﬂgtﬁﬁe segnents S
into a pre I gigneda s tey ni ' ' According to
t he presen?ag%bggi'neﬁt?é? %agl?gfo?iae‘\g}?jé%wg%géﬂsbfn%un%e P}r?]ethe rear
portion of chbdecss BeaHNdtd IMRF A L VOBButée (K6t sBoWwn3B16x84€4ds rearward,
and the segnment assenbly scaffold 31 is supported on the rest 28 so as to
be novabl eohathe aeticdwating machihd bedyollli vy tdrekcalgeondf oist he segnents S,
the revolving angles a and ~ of the cage 44 are set in accordance with the
revol vi ng atghaehedotot fbecputsddededi the3bevahviingeframe 33.is noved to the
predet ermi ned worki ng position with the push of the buttons. Thus, the cage
44 can be easily FSugigec|4bsdasoa FuppegteNalt 33 sewppeEted the erector 30
w t hout interference rn;h surroundi ng instrunents, and the operator can
Ying tren

easily per P8r imeht®¥S %tqsb'n.g“ boifom,piate,Bdveds?ri bed
nbodi t ti th | vi | d ~ of t 44 d
b ent S 52 EeL Pt YR 5P o0 44

f d t i3 d t i i , the highl
Pecurate nooEnsidEol efdEdae Uiy e AR RITaE 8l Y BT i ding

mor e di vi dedriy88a 008 provided BB &n dpiSes GHTRGh BECtHESErdivt L he covering
menbers, but a steel shell, formvork or tinbering may be used as the

covering npahers4. WiHeewbbRingasesy SenHastd Qoweasehaqioriessi | bed

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,




by the foregoing enbodinent , it is to be understood that the invention is
not limted thereby, but may be varied in nany ot her ways. Such variations
are not to be regarded as a departure fromthe spirit and scope of the
fnvention, and all such nodifications as woul d be obvious to one skilled in
the art are intended to be included within the scope of the appended cl ai ns
26 What is clainmed is: 1. A tunnel éﬁcavating machi ne, conprising: a
cylindrical excavating nachi ne body; propulsion ,jacks for noving the
cylindrical excavating machine body forward; a cutter head rotatably
mounted in & HABWOBBAL TIPS ifeabkeahedian artbaITRS bady; 28R or ect or
device nounted in a rear partion of the excavatingﬁnachineagfdy and adapt ed

to assenbl e2cTHRRPPRY tHRAHELSLS FupPDoTted: BY hhenhgrdgopkAdr To&l| “surface of

I sti | ; t ' d.f th ti f th
excavat i ng AcH % EBRE BavRBYBIAATIRIS ARE HAUh boRPBPRE e ector
devi d t f -and- aft
i recti on oftbRe bEPelty, 5H ke otk ha B¥ Bs s HERR Bo oo ot

interfere whf EhgpSEECEQBed@di ;a%“?:q: %e"‘fﬂ&bhﬂﬂeﬁ#é‘ié?i% ggported on the
ol va I

revolving frame so as to be rev l'e In acircunferentia
each other, and an expansion jack 63 1is interposed
between the outer tubes 61 and 62. Arcuate
pressurized 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,
respectively. A moving jack 66 is mounted on the rest
28, andadrive rod 67 of themoving jack 66 is connected
to the support tube 60.

Thus, the moving Jjack 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 the 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 S 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



direction of the existing tunnel. 2. The tunnel excavating machi ne of claim
1, wherein: a shape retainer for nmaking pressurized contact with inner

peri pheral surfaces of the covering 27 menbers assenbl ed onto the inner
wal | surface of the existing tunnel to retain the covering nenbers in a
predeterm ned shape is provided and supported on the rest so as to be
novabl e al ong the fore-and-aft directiofof the existing tunnel; and the
revolving frane is | ocated between the erector device and the shape

retai ner and sugﬁorted on the rest_so as _not to interfere with the erector

devi ce and #R€ SRepehaRearatainer 3 copflapred IR Ahe FRANS I ne of claim 1,
furth | Sing: Ki tf | vi ' th Ki
bl 2t for m C oBesFFElee Rarhat: F RS Someb st s S TE ARSI U ng posi t1 on’
det ection mEapss bAckIGhE Eolris, RS UGh - i3Phd 198a2baliGrFCt or device;

and
and outside the swivel or revolving range of the

erector device 30. Nor does the shape retainer 32
interfere with the erector device 30 or the segment
assembly scaffold 31, when the shape retainer 32 moves
back and forth.

A tunnel excavating operation by the foregoing
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 solil lying ahead,
forming a tunnel. Then, the erector device 30
assembles segments S in a ring form to the inner wall
surface of the resulting tunnel. In this state, the
operator bolts the segments S to each other while
standing on 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.

That 1s, 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



wor ki ng platformcontrol neans for setting a working position of the
wor ki ng pl at f orm adapted for the revol ving position of the erector device
and controlling the working platformrevol ving neans. 4. The tunnel _
excavating machi ne of claim3, wherein: the working position of the working
platformis at a revolving angle froma horizontal reference 28 position;
and the revolving angle is set by addin@ﬁor subtracting a preset given
angle to or froma revolving angle of the erector device fromthe _
hori zontal reference position. 5. The tunnel excavating machi ne of claim 4,
wher ei n: t hepgragarantdes ioas theccagretd 4i of dhvosegmentvis sentky r evol vi ng
angl e of the erector device. 6. The tunnel excavating machine of claim 3,

scaffold 31, and moves to the position of assembly of

the segment S. At this position, the operator uses

a predetermined tightening tool to perform a bolting

operation for connecting and fixing the adjacenf

segments S. In this case, the cage 44 1s moved forward,

along with the revolving frame 35, by the drive motor

36 until the cage 44 is brought into the revolving 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

Jjack 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 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



wherein: the working platformis supported in a horizontal state regardless
of the revolving position of the working platform and the working platform
control neans sets the working position of the working platform where the
erector device and the working platformare close to each other at a
constant distance, regardl ess of the revolving position of the erector
device. 7. The tunnel excavating machi n&/ of claim 1, wherein: the revol ving
frame is noved back and forth, whereby the working platformcan be noved
into and out of a revolving range of the erector device. 29 8. The tunnel
excavati ng peefiehermined aharpk anfiarediainimgethemimghpbattiapen control neans
I's constituted such that an operation by an operator controls the working
pl at f or m revol vi ng Aesording #ovéhehpreagertngmbedimenty t thehe wor ki ng
position and stop the working platformat the working position. 9. The
tunnel exca®Befherndeviee M %cﬂ mownted,Apr Ehe: reae RRFEIOR 9 atform has a

wor ki ng ste rotrudi ng forward.
g ghg excavating machine body 11, the rest 28 extends

rearward, and the segment assembly scaffold 31 and the
shape retainer 32 are supported 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 operation. 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 a bolting

operation.

[Second Embodiment]

In a tunnel excavating machine according to
the present embodiment, as shown in FIG. 7, a cage 61
1s 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
predetermined 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



10. The tunnel excavating nmachine of claim9, wherein: the working step is
constituted by a front wall portion of the working platform pivoted

forward. 11. The tunnel excavating machine of claim9, wherein: the working
step is constituted by a bottom portion and a front wall portion of the
working platformsliding forward. .A Af.Al f.AS A .AS ASSASAS A @A 3.A@
AL, AN LA.A A _.AY.A .AAN.A . A .Aa A8

when the working step 66 1s moved forward.

Thus, when the erector device assembles the
segment to a predetermined position, the cage 61 is
moved forward and also moved in the circumferential
direction until it approaches the erector devicé.
The operator bolts the circumferentially adjacent
segments from the cage 61, also slides the working step
66 of the cage 61 forward, stands thereon, 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 cage 44 is close to the segment
held by the erector device 30, in a manner linked to
a segment positioning action by the erector device 30
in a segxﬁent 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



AT A LA LA DAY |, b+13Bp: UZA_a@l

{vgl gb] WJ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] caU] ca] caU] ca] ca] ca] c*a] ca] ca] c"a]
c’\a] cMa U] c”Ma] calU ca] cal ca]ca]cTal] c: a] ca uj E

I'u=?zupkf a[ V] caU] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] c
a] ca] ca] c™a] caU] ca] cal] ca]cal] ca]calUcajca GH K, c( ) *

ql ! | " #FHGE$$S%0 %984 vakf a\ W] ca] ca] ca] cd9) ca] ca] ca] cal] ca] ca] ca] cal] ca] cal]
ca] ca] ca] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca

WBRDEL&N&} &&&' 2" Y A " O Y(Z(((()S)T)V)m) ) pxsni dMYT] ca] cal] ca] ca] ca] ¢
a] ca] ca] ca] eatuated, Uanfacahcba driven and controlled by

Ul c”a] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca

))) +* V* x***regulating/anQoll pressure swupplied from@ gowel|waltcal] ca] ca] cal ca
] caU] ca] ca] ca] ca

U] c”a] cal] cAl ceumeansapéad gy valvealR e a Thendrd e maten] 3% ca) ca] cal ca

[ 0223677<==Cc>>>>>>~278

A) A, ALAAA| BERLG eqliﬂ%]%la? Cagecat dn E%@F@&FC&P@&@F&&}%%RS]%% aU] ca] caU] ca] ¢
EH&MEE%%#%&#ﬁ § al M%%]v%%]l eallgaxll %%] revolving

frame 35, 1s also hydraulically operated, and can be

driven and controlled by regulating an oil pressure
supplied from the power unit 71 by a servo valve 73.
The sexrvo valves 72 and 73 can be controlled by a
control device (working platform control means) 74.
The control device 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 f 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
442 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.
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or subtracting preset glven angles to or from the

revolving angle 0 of the erector device 30. The given
angle to be added or subtracted has been set in

accordance with the revolving angle 6, and its details

are given in Table 1.

Table 1
Erector Revolving Angle Cage Revolving Angle
Cage 44a Cage 44b
0°<0s45° a=0-10° B=0+10°
45°¢0<135° a=0-5° f=0+5°
135°<6<180° a=0-10° B=0+10°

The reason why the revolving angles a and g 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
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in ahorizontal state whatever positions of revolution
they are located at. To prevent the interference of
the erector device 30 and the cages 44a, 44b, the

revolving angles a and f of the cages 44a and 44b and
the revolving angle 6 of the erector device 30 are not
always different by a constant angle. By setting the
revolving angles o and f 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 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 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
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described in detail with reference to a flow chart in
FIG. 9. In Step S11, the control device 74 reads in
various data such as the revolving angle 0 of the
erector device 30, the revolving angles a and f§ of the
cage 44, and the position A in the fore-and-aft
direction of the cage 44. In Step S12, the segment
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 1ift the segment S.
In Step S13, the erector 30 grasps the segment S placed
at the predetermined position, and moves the segment
S to a predetermined assembly position by a raising
or lowering action and a revolving action. In Step
S14, 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. 1In Step S16, the operator

pushes the bolting position movement button,
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whereupon the control device 74 sets the revolving

angles o and f for moving the cages 44a and 44b to the
working position on the basis of the revolving angle
0 of the erector device 30 by the aforementioned method,
and drives the drive motors 47 and 36 via the sérvo
valves 72 and 73 to move the cages 44a and 44b to working
positions close to both sides of the erector device
30. That is, the cage 44a revolves in one direction
from behind the held segment S, then moves forward into
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 from the original position into the revolving
range of the erector device 30, revolves, and stops
at the working position. 1In 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 the operator, the backward movement
button is pushed in Step S18 to bring the cage 44b
rearward to the outside of the revolving range of the
erector device 30. In Step S19, grasp of the segment
S 1s released by the ascending or descending action
and revolving action of the erector device 30, and the
erector device 30 1s returned to the original position.

In Step S20, the cages 44a and 44b are returned to their
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107713/ 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 periphefal
surfaces of the segments S, such that the pressurized
contact members 64 and 65 do not interfere with the
segment assembly scaffold 31. At this position, the
expansion jack 63 1s 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 p of the cage 44 are set

in accordance with the revolving angle 6 of the erector

device 30, and the 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.
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In the above-described embodiment, setting of

the revolving angles a and B of the cages 44a and 44b

in accordance with the revolving angle 0 of the erector

device 30 is performed for three divided erector
revolving regions. However, the highly accurate
movement of the cages 44a and 44b can be achieved by
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 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.

10(B(B 10(B(B
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What is claimed is:

1. A tunnel excavating machine, comprising:

a cylindrical excavating machine body;

propulsion jacks for moving the cylindriéal
excavating machine body forward;

a cutter head rotatably mounted in a front
portion of the excavating machine body:

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 machine 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 platform 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
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members assembled onto the inner wall surface of the

exlsting tunnel to retain the covering members in a

predetermined shape 1s provided and supported on the

rest so as to be movable along the fore-and-aft

direction of the existing tunnel; and

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

device and the shape retainer.

3. The tunnel excavating machine of claim 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 platform 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
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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 working 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 other at a constant distance, regardless of the

revolving position of the erector device.

7. The tunnel excavating machine of claim 1,
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.
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the working platform at the working position.

9. The tunnel excavating machlne 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 working step is constituted by a bottom
portion and a front wall portion of the working

platform sliding forward.



