1 METHOD AND DEVICE FOR CONTINUOUSLY INFORMING THE OPERATOR OF A
TUNNELLING MACHINE ON PHYSICAL FEATURES OF A GROUND TO BE TUNNELLED The
invention concerns a method and a device to continuously inform the driver of a tunnelling machine
equipped with a rotary cutting head fitted with a multiplicity of drilling mountings for rotary drilling
cutters on the nature of the ground in front of the utters. The invention applies in particular to the
detection of hard stones in loose ground as it is excavated by means of the tunnelling machine. We
are familiar in the case of vertical boreholes with measurement of the drilling parameters, as
described for example in publication FR 2 642 791, by means of sensors installed between the
drilling head and the column of drilling rods. Publication WO 03/087537 describes a device that
includes a wear det&€tor-a ré@glu%%wurﬁ@?aﬁ%m@%@%téﬁ%?%@%@% cutting-wheel
mounting. We @rgiawaie 6FotherpifilicatidasMERIINIDRV66{IUS 5330 202/ FHER 10253 287, JP 11
270283, and JP 09 228 778) which plaggdata@cguisitign sensaors on the shaft of the cutter or on the
shaft of the cutting head or on the cutting head. 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 headTbrof theshaftisithe eatingicad. EmbBodimedts 6fitHe pteseit vention seek to
eliminate theninfluence df thesefparasiticfactafsiver of & tunnelling machine

equipped with a rotary cutting head fitted with a multiplicity
of drilling wmountings for rotary drilling cutters on the
nature of the ground in front of the cutters.

The invention applies in particular to the detection of
hard stones in locse ground as 1t is excavated by means of the
tunnelling machine.

We are familiar in the case of wvertical boreholes with
measurement of the drilling parameters, as described for
example in publication FR 2 642 791, by means of sensors
installed between the drilling head and the column of drilling
rods.

Publication WO 03/087537 describes a device that includes a
wear detector, a revolution counter and a load detector
placed on the cutiing-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 acguisiticon sensors on the shaft of the cutter or on the
shaft of the cutting head or on the cutting head.

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

Embodiments of the present invention seek to eliminate the
influence of these parasitic factors.

In accordance with a first aspect of the present invention,
there 1s provided a process for providing continuous information

on ground conditions at the excavation face for the cperator of

tunnel boring machine equipped with a rotary cutting head



In accordance with a first aspect of the present invention, there is provided a process for providing
continuous information on ground conditions at the excavation face for the operator of tunnel boring
machine equipped with a rotary cutting head la incorporating a multiplicity of individual mountings for
rotary boring cutters, in which data acquisition sensors capable of generating signals concerning
cutter operation are implemented, these signals being remotely transmitted and used to inform the
tunnel boring machine operator, characterized in th&fone or more sensors selected from sensors
suitable for generating signals representing cutter penetration force into the ground, cutter position,
cutter rotational state and cutter temperature are directly placed on each cutter. In accordance with a
second aspect of the present invention, there js provided a borin CLitter and itt_“s mountipgrfor

installing tHEFSt&REUttéi%on the Fotary éuttinig head of a tiinel B8thg machine: tharactsfized in that
the cutter rincludes be drgorecsensors selectedifiam sensoes capailesoft generatmgssignals

representing cutter p&f‘e%ré’ﬂ@i%ﬁ?gm@i ihe ground, cuter fotational sfatg, cutter pasition and

temperature, and in that the cutter and its mounting comprise "means cooperating to transmit remotely
the signalTrorftae tCitter'Sehzors IAted radaicE with s thirtlvaspett BF e preserit iHvERtion, there

is provided.a tunnekhotng maghiae fitled: with-a retan: cuiiing head, whigh gatrias; thesmowntings for
the rotary horing cutters, characterized in that the cutters and their mountings.are as defined in th

second aspett aftdifn tatT9& funRels8Mitg fachine heibtigt medhdttransdmitting *°* -

generating signals representing cutter penetration force into
the ground, cutter vposition, cutter rotatioconal state and
cutter temperature are directly placed on each cutter.

In accordance with a second aspect o©of the present
inventicn, there is provided a boring cutter and its mounting
for installing the rotary cutter on the rotary cutting head of
a tunnel boring machine, characterized 1in that the cutter
includes one or more sensors selected from sensors capable of
generating signals representing cutter penetration force into
the ground, cubtter rotational state, cutter position and
temperature, and in that the cuttér and its mounting comprise
means cooperating to transmit remotely the signals from the
cutter sensors.

In accordance with a third aspect o©f the present
invention, there is provided a tunnel boring machine fitted
with a rctary cutting head, which carries the mountings for
the rotary boring cutters, characterized in that the cutters
and their mountings are as defined in the second aspect and in
that the tunnsl boring machine includes means ©f transmitting
signals from the sensors to a central processing and display
unit placed in the tunnel boring machine cperating cab.

According to embodiments o¢f the invention, one or more
senscrs chosen from among sensozé designed to supply signals
that are representative of the penetration force of the cutter
into the ground, of the rotation status of the cutter, of the
position of the cutter in the ground and of the tTemperature of

the cutter, are placed directly on each cutter concerned.



signals from the sensors to a central processing and display unit placed in the tunnel boring machine
operating cab. According to embodiments of the invention, one or more sensors chosen from among
sensors designed to supply signals that are representative of the penetration force of the cutter into
the ground, of the rotation status of the cutter, of the position of the cutter in the ground and of the
temperature of the cutter, are placed directly on each cutter concerned. 2 The cutter is preferably
equipped with all of the aforementioned sensors. The mountings of the cutters concerned are fitted
with transceivers for the signals supplied by the acquisition sensors. These signals are transmitted
remotely, and are used to inform the driver of the tunnelling machine. It is preferable that each
equipped cutter shoyld be supplied with the necessary power to operate the sensors of the cutter by
aqbattery incorporat(;il into ulégg%ﬁer or byp ‘T\iﬁr%é:sasg ?rgns%%lsllgﬁ ?raombfﬁéﬁ gnoﬁ?l{:}'sng D théq%%tter. Itis

also preferable frit THE HiolitiRg of agh Eatter should be equipped with a receiver designed to
receive, by wireless transmission;tite signalsdromittieeasquisitiorsensorsren thet tatteryarid to

transmit these 4@ acemmunication netwosk meunied on the drilling head; and that the saidypetwork be
connected to g processing and display unit in the driver's cab of the tunnelling machine. It is
furthermore preferable that each cutter concerned should be equipped with stress gauggs that are

glued to the axle of th& EGttér&nd the &hRals oM theSe Yaliges Pe tisedr@ are used to

inform the driver of the tunnelling machine.

It 1s preferable that each equipped cutter should be
supplied with the necessary power to operate the sensors of
the cutter by a battery incorporated into the cutter or by
wireless transmission from the mounting of the cutter. It is
also preferable that the mounting of each cutter should be
equipped with a receiver designed to receive, by wireless
transmission, the signals from the acguisition sensors on the
cutter, and to transmit these to a communication network
mounted on the driliing 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 concernsd
should ke equipped with stress gauges that are glued to the
axle of the cutter and the signals from these gauges be used
to cbtain information on the loads imposed on the cutter.

It is also preferable that each cutter concerned be
eguipped with an inclincometer designed to send signals that
are representative of the position of the cutter.

Again, 1t i1s preferable that each cutter concerned be
equipped with a magneto-inductive rotation sensor.

Embodiments of the invention also relate to a drilling
cutter and its mounting for mounting the rotary cutter on the
rotary cutting head of a tunnelling machine, characterised in
that the cutter includes one or more data acguisition
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 femperature of the cutter, where tThe cutter and Lits
mounting are fitted with means that work together to send
signals that are representative of the position of the cutter.



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 are representative of the
position of the cutter. Again, it is preferable that each gutter concerned be equipped with a
magneto-inductive rotation sensor. Embodiments of the invention also relate to a drilling cutter and its
mounting for mounting the rotary cutter on the rotary 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 rotatibhsstatusitherrotation speed arxh ithe températare of thelcutter] Whetdwthe cutter
and its mountiggare-fitted withymeans.that work together to send signals that are representative of
the position of the cu?gr 3 '[he cutteris preferably gaeu&pp%g (\:/\gghsgll he J_a(,)for C?Qedt%ensors
The electrical power fe d necessary to op érate the 'sensors can be i dep ender?t and Incorporated into

the cutter or 538 OtMtITY! &%M&ﬁﬂ@?ﬁﬂ%&@%dﬂ&&%@%c&f&o r&motélyt ik Sensors of
the cutter are preferablyrfided on @rbasen such<asardiskfor examnplel sediclsisatachetkterhlly on the
cutter or in the funekthe cutter, and this base, and the 10 mounting, include means that work together

to receive and transipjfthe signals afthese el E@@ figrres of the, aftachgd drawing ate diagrams

respectivel |IIustrat|n a front view of an installatio
P y uch é% a élsk for example, '%lch is attached laterally on the

cutter or in the hub of the cutter, and this base, and the
19  mounting, include means that work together to receive and
transmit the signals of these sensors.

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

i 1), a section view in a plane perpendicular to that of figure
1, of the head with electrical transmission from the sensors
te 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 mounting by a
rectangle (R). The cutter is mounted loose on an axis formed
by the mounting, and the mouniings are distributed on arms (B)
attached to the head (T) of the tunnelling machine.

These arrangements are well known to the professional

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 gspeed 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 cholce 1is an

35 inclinometer.

For the pressure sensor, the preferred choice is a set of

stress gauges.



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 sgction view of a cutter (figure 3). In figure 1, each
cutter has been 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 professional 25 engineer. According to the invention, each cutter is equipped with a
multiplicity of sensorghand inqearticutay: - aspesition sensor £ arpressure senserrs retationrstatus
sensor 30 - a gpeedSensqr«13 telnnakalLre,sensor Ehe professional engingerchaases,these sensors
from the known senisqrs designed (9 perfo these fungfions, For ine positionesensor, fie preferred
choice is an 35 1Rclifometér. For the pressure sensor, the pre?erre choice is a set of stress gauges.

4 The position. ¥pe&dHHt fempératurbEths6/ arBadvaHtRRSUsK BuARH of B B8% Ghith is
attached firmlyrtoo e cutter rsubhias a disk attachedaoconésidecefithendudr $or exbihpléEhis base
can be equipped with agaquisitian ang% processingmedules: apdntestace-farrgammunication with the
The mountings R of the equipped cutters are connected by
a transmission system, wireless or otherwise, to a processing
and display unit C located in the driver’s cab of the

10 tunnelling machine. Figure 2 schematically illustrates a
transmission line F which carries the individual signal
transmissions from the sensors on the cutters and/or from the
mbuntings 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 1s not limited to this implementation

egample.



mounting of the cutter, and an electrical power unit. The mountings R of the equipped cutters are
connected by a transmission system, wireless or otherwise, to a processing and display unit C
located in the driver's cab of the 10 tunnelling machine. 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 cutterM 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 limite&4dM$is-implementation example. 5 CLAIMS
1. Process for providing continuous information on ground conditions at the excavation face for the 5
operator of a tunnel boring machine equipped with a rotary cutting head incorporating a multiplicity of
individual mountings for rotary boring cutters, in 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 boriBgaAaeRifEBPBRNBE L CharSERTZBPHF tHA '@ aF HhdreP8ensors
selected from sensogssuitibledoryenenating sigridls represeptingn  face for the
5 operator of a tunnel boring machine equipped with a
rotary cutting head incorporating a multiplicity of
individual - mountings for rotary boring cutters, in
which data acquisition sensors capable of generating
signals c¢oncerning cutter operation are implemented,
10 these signals being remotely transmitted and used to
inform the funnel 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

temperature are directly placed on each cutter.

2. Process according to Claim 1, in which each
cutter concerned is supplied with elec¢trical 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 unit in the tunnel boring machine operating cab.



cutter penetration force into the ground,, cutter 15 position, cutter rotational state and cutter
temperature 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 cuttef concerned is fitted with a receiver capable of
receiving by wireless transmission signals from the cutter sensors and transmitting them to a

communication netwprk carrigd by the a&ﬁégggﬂﬁa% 2ng the_said network inclydes a-processing and

display 30 unitin the tunnel boring machine operating cab. - 6 % E{ogess.%\ cording to any one of
Claims 1 to 3, in which &4ciy ¢uftér Bofieried isTitted With stress nguge%lgl%,eattget @ cutter shaft and
in which the signals fotitRese §atiges are’Gset o 65tait formation-on tHe fdads stistained by the
cutter. 5. Process aceomdingsto snyorgef Elairag dstes4, imwhichieaéh ciitter copeetied is fitted with
an inclinometer. 6. Protess.aceardingtte-anyone of Claimsil 1g 5;hén whichreach cutter concerned is
fitted with a magneto-inductive rotation sensor. 7. Boring cutter and its mounting for installing the

rotary cutter on the rotary cutting head. of a funnelboring machine, characterized jn that the
in which each cutter concerned 1s  fitted with an

inclinometer.

o. Process according te any one cof Claims 1 to 5,
in which each cutter concerned is fitted with a

magneto-inductive rotation sensor.

7. Boring cutter and 1ts mounting for
installing the rotary cutter on the rotary cutting head
of a tunnel boring machine, characterized in that the
cutter includes one or mwmore sensors selected from
senscrs capable of generating signals representing
cutter penetration force into the ground, cutter
rotational state, cutter pesition and temperature, and
in. that the cutter and its mounting comprise means
cooperating to transmit remotely the sicnals from

the cutter sensocrs.

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

the aforesaid sensors.

9. Boring cutter and its mounting according to
Claim 7 or &, the cutter sensors of which are mounted
onn & Dbase incorporated in the cutter and which 1is
fitted with acquisition and processing modules, a
communication interface with the cutter mounting and an

electrical supply unit.

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



cutter includes one or more sensors selected from 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 cooperating to transmit remotely the signals from 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. 9. Boring cutter and’itd mounting according to Claim 7 or 8, the cutter

sensors of whichraresmpunied ngn ahase incanporatedkin thejcutter-aad wiveh is: fittadswith acquisition
anpl processing @99“-@?@ @ %nmmg@_tig@én@gfmmmh@n%%r _6194”6599:@@@@ 1e|e_ctrica| supply
unit. 10. Tunnel horing machipe fitted with a tatary gutting,head, which carties the oguntings for the -

7 rotary boring cu%ters, characterized In %haitsth cutteg:%eand their mountings are as defined in any one

of Claims 7 to 9 and ifi that the Jfﬁlﬁneﬁjﬁor?ng machine ihcludes Means of tr%ng%?t%ﬁag signals from the

sensors to a cenftaP JFOEESEing End diSPIaY uiitpladed T the funhat boigS mathiré Bperating cab.

machine operating cab.



