1 METHOD AND DEVI CE FOR CONTI NUOUSLY | NFORM NG THE OPERATOR OF A

TUNNELLI NG MACHI NE ON PHYSI CAL FEATURES OF A GROUND TO BE TUNNELLED The

i nvention concerns a nethod and a devicé to continuousl y informthe driver
of a tunnelling machine equipped with a rotary cutting head fitted with a
multiplicity of drilling nmountings for rotary drilling cutters on the
nature of the ground in front of the cutters. 10 The invention applies in
particular to the detection of hard stones in |oose ground as it is
excavat ed by neanEHHODhé&NDt DEVENE Feg GRRhiNUOUSE ANECRMING THE in the case

gf ve_rL i ga:c b@P%?Qﬂcﬁ@ 0\91 hhTUﬁf@@ﬁlkﬂN@;nﬁfﬂ&HﬁifﬁE tdmePﬁ&is%jiﬂ&Bmm@Et@fsf} as
escribed for exanple in p atjo , by. neans of sensors
install ed between the drilli ngélﬁ)éjﬁlﬁ ihd&? @N%S‘gﬁ of drilling rods.

Publ i cati on WO 03/ 087537 describes a device that includes a wear detector,

a revol u§ion coupker ﬁ@@n@l&@adc&eée%fsor a ZQaerehaaedaea t he aguwg wheel
nmounti ng. W ar.e aware of ther t?lﬁbl ications (EP 1 098 qQ, h330 292,
EP 1 253 287°7LiBUPYs 5702%’% °Fhd §razgr 7 i chuPis &é‘gda{“ac ine
acqui siti onem@dswuhhtmacsmm coftime hastdt ditbed wehth he miafiplofittthe

cutting heagk oprom f:iip ﬁlehhw éleffgr 2 tHheseq fevi GRp éﬁ@téf@bbﬁ tighesuppl y

parasitic results that they take account of the

def or mat i of¥% Wetﬂg Sﬁéfrtou&fj oF %IFFE‘trrBSnFP LY*4%e cutter, or of the
cuttindbhead ofhefithentshaf tamfliklke ioutckirngchbad. tdhikbe pdesesitidmwent i on

ainms to eliyg-RakesAdle iNTdIRRCEOfna 340 ikhese.RAL Al dd ©yf BEhAE Sof the
tunnelling machine.

We are familiar in the case of wvertical boreholes with

measurement of the drilling parameters, as described for

15 example in publication FR 2 642 791, by. means of sensors
installed between the drilling head and the column of drilling
rods.

Publication WC 03/087537 describes a device that includes
a wear detector, a reveolution counter and a load detector

20 placed on the cutting-wheel mounting.

We are aware of other publications (EP 1 098 066, US 5
330 292, EP 1 253 287, JP 11 270283, and JP 09 228 778) which
place data acquisition sensors on the shaft of the cutter or
on the shaft of the cutting head or on the cutting head.

25 These devices are liable to supply parasitic results due
to the fact that they take account of the deformations of the
shaft or of the mounting of the cutter, or of the cutting head
or of the shaft of the cutting head.

This present invention aims to eliminate the influence of

30 these parasitic factors.

| According to the invention, one or more sensors chosen
from among sensors designed to supply signals that are
representative of the penetration force of thé_cutter into the
ground, of the rotation status of the cutter, of the position

35 of the cutter in the ground and of the temperature of the
-cutter, are placed directly on each cutter concerned.




According to the invention, one or nore sensors chosen from anong sensors
designed to supply signals that are representative of the penetration
force of the cutter into the ground, of2the rotation status of the cutter,
of the position 35 of the cutter in the ground and of the tenperature of
the cutter, are placed directly on each cutter concerned. 2 The cutter is
preferably equipped with all of the aforenentioned sensors. The nountings
of the cutters concerned are fitted with transceivers for the signals
supplied by the mequicsitteon i5 sARFeESHlJhasfiigpenal §iew e Jinansei t igd
remotely, apg ﬁ%n%ﬁ%g &osegég;%rnlthe driver of the tunnelling machine. It
I's preferable that each equipped cutter should be supplied with the
necessary power ¥§ dperdtiagshefsdhsoragitebrsiGonkerned t are bfintdrht vitly

i ncor por at egrdr¥ceitBesCutder te byiMa1el essphl 2B MLSSi ORe f QL Ber fwint i ng
of the ttelJi is also preferable that the nounting of each cutter
shoul d be ‘equipped with a receiver designed to receive, by wreless
transmi ssion, tRA8e§egRapBals odre heratopiitseti ormebator sawh atre Usd Ut er,

and to transifdimt BBE €df Dy 0FORHY N GiH19R nhehdHi fhe NOUNt ed on the drilling
head, and t hat e said netwgrk be _-connected.to processin d di spl ay
unit in the dri %gr'lsschﬁeg%%ﬂﬁflﬁe ﬁfﬁ%e???ﬂg SHIRPRA. GULCPE FIPRGr it e
pref er abl e YUpRL iedchight the mencesamd PRG1shibell dpbratsuiippetensidrts siff ess

gauges 1phatchar @udlteed gy 4 hBat@ede DlcddpRrabblierinaBd thide &igbal $:f nym these
gauges be %%%d to pbtain infor | oads_i nposed on th% cutter.
< gga the <cutter. It 1is

( g gatlon on _the
It is al so preferabl b PHYS 8N FEGTL 6P cBRERTHY
also preferable that the mounting of each cutter should be
equipped with a receiver designed to receive, by wireless
transmission, the signals from the acquisition sensors on the
15 cutter, and to transmit these to a -<ommunication network
mounted on the drilling head, and that the said network be
connected to a processing and display unit in the driver’s cab
of the tunnelling machine.
It is furthermore preferable that each cutter concerned
20 should be wequipped with stress gauges that are glued to the
axle of the cutter and the signals from these gauges be used
to obtain information on the loads imposed on the cutter. |
It is also preferable that each cutter concerned be
equipped with &an inclinometer designed to send signals that
25 are representative of the position of the cutter.
Again, it is preferable that each cutter concerned be
- equipped with a magneto-inductive rotation sensor.
The invention also has as its subject a drilling cutter
and its mounting for mounting the rotary cutter on the rotary
30 cutting head of a tunnelling machine, characterised in that
the cutter includes one or more data acquisition sensors
chosen from among sensors designed to supply signals that are
representative of the penetration force of the cutter into the
ground, the rotation status, the rotation speed and the
35 temperature of the cutter, where the cutter and its mounting
-are fitted with means that work together to send signals that
are representative of the position of the cutter.




equi pped with an inclinoneter designed to send signals that 25 are
representative of the position of the cutter. Again, it is preferable that
each cutter concerned be equipped wth3a magneto-inductive rotation
sensor. The invention also has as its subject a drilling cutter and its
nmounting for nounting the rotary cutter on the rotary 30 cutting head of a
tunnel i ng machine, characterised in that the cutter includes one or nore
data acqui sition sensors chosen from anong sensors designed to supply

signals that arenrepngsent ative pi.tdigpenetdalignyf orgenof fihe cutd er
into the ar und, Ehe rotation status, thé rotation speed and the 35

t enper at ur FrREL LT ISENFNESe the cutter and its mounting are fitted
with neans that Ther keltegetired t posend Sighahscthatry are r epeeseat dtlieve of

t he pOSI ti oferforkheag utd %nde%enggﬁtcélﬁ& g do%pBEQ’Eé‘cE aﬂ.t}l% eadi pREdMidh al

t he rengntioned .sensors. The electrical power feed necessary to operate
t he rc"'l?sorjs FAPBE PHdeSEnFEH G i 5TOBY 5O a@clﬁfi’trﬁfﬁ tﬁ@u’é‘ﬁ‘ftégc?ﬁe 5its

m)untl ng, oremparlgone from an electrical source |located renotely. The

sensors of the t [-e a h.as k for
exanpl e, which ?géaigé%%% %faitgéa{??%t%fn&% Bgegep%rsﬁorfl%%et ﬁg %3%515403? t he

cutter, and4¥Hi 85pasttshad®n REATBLRpUHtIGhg 18i ALFRRETdSterehY Wrike
t oget her tcuteeei ve and tHer andmdr ttie: stygnalrs afnd hdsie Serser sandThshef | gur es

of- thelgtt%ﬂﬁglﬁt{ Hglgr?(? dloagbans, " J&%‘ttﬁé%é | Pt raldengea Jhont

vi ew of an |nsta at.i on cutters on the drilTing head of the tunnelling
machi ne (fitGAPEMYS the s198aLt i Oh Wies® PAN%P%-ane perpendicul ar to that of

figure The figures of the attached drawing are diagrams
respectively illustrating a front view of an installation of
cutters on the drilling head of the tunnelling machine (figure
15 1), a section view in a plane perpendicular to that of figure
1, of the head with electrical transmission from the sensors
to a processing and display unit (figure 2), and an axial
section view of 'a cutter (figure 3).
In figure 1, each cutter has Dbeen illustrated
20 schematically by a circle (M) and its individual mounting by a
rectangle (R). The cutter is mounted loose on an axis formed
by the mounting, and the mountings are distributed on arms (B)
attached to the head (T) of the tunnelling machine.
These arrangements are well known to the professiocnal
25 engineer. According to the invention, each cutter is equipped
with a multiplicity of sensors, and in particular:
- a position sensor
~ &a pressure sensor
- a rotation status sensor
30 . - a speed sensor
- a temperature sensor
The professional engineer chooses these sensors from the
known sensors designed to perform these functions.
For the position sensor, the preferred choice is an
35 inclinometer.
For the pressure sensor, the preferred choice is a set of

stress gauges.




1, of the head with electrical transm ssion fromthe sensors to a
processing and display unit (figure 2), and an axial section view of a
~cutter (figure 3). In figure 1, each cutter has been illustrated 20
schematically by a circle (M and its individual nmounting by a rectangle
(R). The cutter is mounted | oose on an axis formed by the nounting, and
the nmountings are distributed on arns (B) attached to the head (T) of the
tunnel | i ng machi ne. These arrangenents are well known to the professional
25 engi neer. Ac@bedi ngpstiaivhe | mperd onndacbefddfiireS esprgped awieth a

nUlt'p||C'téﬁﬁght§EQ§ﬁgfy Rt Qﬁ{t|(ﬂg§@’whé8§ Egsgkkgghggnflrmly %

pressur e ser}geg -“a rotation status sens sens
t enper at ur e"Ee G TheSHiofEs & sHak er§paed 1’(916251§e§1fiﬁe§§ §€ﬁs‘€#1’stefrrom t he

known sensofer desimpied Tbipebhsemchhese fdiiebpodswitRr ackies POivint 0@
sensor, st h%ﬁc@%@iﬁfdmggﬁ&e | $n a@nt%?f%&d chgpngérﬁmunllzc%rt iLie RLESSYLe

sensor, the preferred choic€ is ress e p05|t|on
speed and TUHHELRT (e thenSBFESBr e2nsh paneageisia) ﬁﬁwﬁlfe‘épkﬁh a base which is
attached firm yThe médrtiost @ ofSwhb agudpshckudttkbashadet opiecisiad®yof the
cutter for, exapple c ui pped with acguisition and 5
processi ng am)du | es, ssal-rg}ﬁ n?g%fgglé Q?rgf%sg%rglocaeirgﬁSWt otﬁeprocunstlflﬁg of
the cutter 288ndo P l@ectRritalC paweatadi tin Theempdmtvards Reab tdle éfei pped

cut t er 0 ar ¢uvopahkicigedmbyhine. Figure 2 schematically illustrates a
transmission line F which carries the individual signal
transmissions from the sensors on the cutters and/or from the
mountings of the cutters carried by a given arm B, by means of
rotating joints.

15 The figure 3 is a schematic axial section view of a
cutter M equipped with inclinometers 1, a rotation sensor 2,
temperature probes 3 and stress gauges 4.

The cutter M and its mounting R include their respective
communication means 5, 6 which work, together to allow the

~ 20 remote transmission of the signals from the sensors.
The invention is not limited to this implementation

example.




a transm ssion system wreless or otherw se, to a processing and display
unit Clocated in the driver's cab of the 10 tunnelling machine. Figure 2
schematically illustrates a transmssion line F which carries the

i ndi vidual signal transm ssions fromthe sensors on the cutters and/or
fromthe nountings of the cutters carried by a given arm B, by neans of
rotating joints. 15 The figure 3 is-a’schematic axial section view of a
cutter Mequipped with inclinoneters 1, a rotation sensor 2, tenperature
probes 3 and stress gauges 4. The cutter Mand its nounting R include their

respective conmmunication nmeans 5, 6 whighamg k, together to allow the 20
renote transnission of the signals fromthe sensors. The invention is not

limted to this inplenentation exanple. - 5 CLAIMS 1. Process for

provi di ng-continuous informati on on- ground conditions at the excavation
face for the 5 operator of a tunnel boring machine equipped wth a rotary
cutting head ingorporating a rQJItigl i%ét of .individual mpuntings for
rotary boring cdfters, ‘TR - which B&TE E‘éu?%rftt’inblﬁu§e AEAPATE of
generating si gAEP¥dcoserdiiingscust erthepeextavatiane fags edent eehe 10 t hese
signal s bei ng repatgby taransnthimed andidgeadatPind NE@Lippele Wiwnnel boring

machi ne oper at Ofora GhasAsLell 48 N ddiabo 8RS IIORE) SENSYS, SElect ed f1om
sensors suitable ,oaagaejger afling signals representing cutter penetration

force into the t utPBRt 8IS 08PE i FREAENL POFLRBt SHWEREF, stift e and

cutter which data acquisition sensors capable of generating

: signals <concerning cutter operation are implemented,

10 these signals being remotely transmitted and used to

~ inform the tunnel boring machine operator,

characterized in that one or more sensors selected from

sensors suitable for generating signals representing

cutter penetration force into the ground; cutter

15  position, cutter rotational state and  cutter
température are directly placed on each cutter.

2. Process according to Claim 1, in which each
cutter concerned is supplied with electrical power

20 required for operating the cutter sensors from a
battery integrated into the cutter or by wireless
transmission from the cutter mounting.

3. Process according to Claim 1 or 2, in which the
25 mounting of each cutter concerned is fitted with a

receiver capable of receiving by wireless transmission

signals from the cutter sensors and transmitting them

to a communication network carried by the cutting head

and the said network includes a processing and display
30 wnit in the tunnel boring machine operating cab.




tenperature are directly placed on each cutter. 2. Process according to
Claiml,.in-which each cutter concerned is supplied with electrical power
20 required for operating the cutter sensors froma battery integrated into
the cutter or by wireless transm ssion fromthe cutter nounting. 3.
iProcess according to Caim1 or 2, in which the 25 nounting of each cutter
iconcerned is fitted with a receiver cap?;lee of receiving by wrel ess
transmission signals fromthe cutter sensors and transmitting them

communi cati en negjwork c i t cutting head d .t he_sai d network
es a 4 P{dc{dgig ?éé{tcor%gag%ola n °PRe°t G%éf“%bf?%&mcm ne

to a

includes a processi nl%tsgj(r)\ sp uni t _
operating cab. 64¥ 868 SEtRMi rpccsnehyipnblgfedCwiths stress 3, in
whi ch each cutt egaugsscerlned ite ftitiet echiwietrh sHafFessindgaitgeshighuethd 0 t he
cutter shaft mndsigha®bi Cliréhe tnededNadmightoOMathesg Qpudes apg.dised to
obtain infor rratir&;g)rgg%it%eorllot%%slsu tain d.%% %he cutter. 5. Process
according to any one 0 ai ns 1P Y SusERt K e ruttt%er concerned is
fitted wwth an 10 inclinoneter. 6. Process according to any one of Cains

1 to 5 in which each RRutésy sebeeimedd snki biebMicihige @&t 0-i nductive
rotati on sensor .inlSyiichBOsddly SHtdLr %ﬁ%qmi 1S UQ%{@G% Rfor _installing
i ead. of a tunnel oring machi ne T,

the rotary g tter on the rotary cutting
characteri zeg in;lﬁg:a’foﬁelgl%r' cutter includes one or nore sensors (1-4)

sel ected from
6. Process according to any one of Claims 1 to 5,

in which each cutter concerned is fitted with a
‘ magneto-inductive rotation sensor.
15
7. Boring cutter M and its mounting R for
installing the rotary cutter on the rotary cutting head
of a tumnel boring machine T, characterized in that the
cutter includes one or more sensors {1~4) selected from
-20  sensors capable of generating signals representing
cutter penetration force into the ground, cutter
rotational state, cutter position and temperature, and
in that the cutter and its mounting comprise means (5,
6) cooperating to transmit remotely the signals from
25 the cutter sensors.

8. Boring cutter and its mounting according to
Claim 7, the cutter of which is fitted with a set of
the aforesaid sensors.

30
9. Boring cutter and its mounting according to

‘Claim 7 or 8, the cutter sensors (1-4}) of which are
mounted on a base incorporated in the cutter and which
is fitted with acquisition and processing modules, a
35 communication interface with the cutter mounting and -an

electrical supply unit.

10, Tunnel boring machine fitted with a rotary
. cutting head, which carries the mountings R- for the




.20 sensors capabl e of generating signals representing cutter -penetr.ati-on
force intd the ground, cutter rotational state, cutter position and
tenperature, and in that thé cutter and its nounting conprise neans (5,
6) cooperating to transmt renotely the signals from 25 the cutter
sensors. 8. Boring cutter and its nounting according to Caim?7, the
cutter of which is fitted wwth a set of 7the aforesaid sensors 30 9.

Boring cutter andodd:y MYHLENLACEN InNY dilra HALILE fp Sendiheupuit !t ef

sensors (1-4) of which ar mount SSETHEST orate e cutter
and which is fiftd§ 5 &h a"c‘"tﬁi‘rrsrmPP’ohmé?ﬁd aﬁ?oeessr#r@eﬁoemr 8’y one3s
comuni cati on i mierdlates w tte thenduit erhatpting i nginahdbaningemechirecal supply

unit. 10t hTunnelrﬁth&ué@B%;mebltr 8e t%ﬂah%ﬁﬂtwnbhsﬁgx{ﬂtsa'ﬂf?m Citifet l@iﬂs&qkl%ad tWh' Chd
carries e rrg)u dgg%e € grxsqun cutters aracteri ze
Hharetegting agd Llay Hatt mIgCRd Hhyt

in that the cutters_an |ngs y one of
Clainms 7 to 9 aer‘“Pﬁlt]??&ﬂngh‘Ea‘%}Hﬁﬁe?P%FM@ g#kehi ne includes means of
transnmitting signals fromthe sensors 5 to a central processing and di spl ay
unit placed in the tunnel boring machi ne operating cab.




