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Description

TECHNICAL FIELD

[0001] This invention relates generally to the field of
mechanical excavation and more specifically to an ap-
paratus and process for monitoring and controlling the
efficiency of a tunnel boring machine.

BACKGROUND

[0002] A tunnel boring machine ("TBM") is a tunnel ex-
cavation apparatus that is typically used to form circular
tunnels in a variety of soil and rock strata. A conventional
TBM produces a smooth circular tunnel wall, typically
with minimal collateral disturbance. A breakthrough that
made TBMs efficient and reliable was the invention of
the rotating head, developed by James S. Robbins. Ini-
tially, Robbins’ TBM used strong spikes rotating in a cir-
cular motion, but the spikes would break frequently. He
discovered that by replacing these grinding spikes with
longer lasting rotating cutter assemblies this problem was
significantly reduced. Since then, all successful modem
TBMs have rotating cutter assemblies.
[0003] Since the advent of tunnel boring machines, op-
erators and manufacturers of these machines have de-
sired to understand and monitor how the cutting devices
interact with the material being bored. Real time perform-
ance data would allow the operator to improve the effi-
ciency and reliability of the tunnel boring operation by
controlling certain operating parameters and performing
timely maintenance. For example, costly delays due to
component failures can be avoided by monitoring the tun-
nel boring machine in real-time, in order to quickly identify
problems, allowing the operator to initiate appropriate
corrective actions.
[0004] Additionally, machine manufacturers can adjust
the design of components based on this data. Previous
attempts to develop rational operating and maintenance
schedules for tunnel boring machines have included the
use of theoretical mathematical models, with or without
simple force measurement devices, and inference of the
interactions through ancillary evidence provided by op-
erating conditions of the machine itself. Illustrative tunnel
boring machines are disclosed in U.S. Pat. No. 4548443
and U.S. Pat. No. RE 31511. Additional illustrative prior
art tunnel boring machines are disclosed in U.S. Pat. No.
5205613 and U.S. Pat. No. 6431653. U.S. Pat. No.
5308151 to Sugden, et al. discloses a different type of
mining machine with cutters that are provided with cutter
shaft strain gauges to provide a measure of the direct
load on one or more roller cutter assemblies. One or more
of the cutter shafts are provided with a strain gauge to
provide a measure of the direct load on the roller cutter
assembly. However, simple strain gauge measurements
do not provide desired information on the operating per-
formance and rotating characteristics of the cutter as-
semblies.

[0005] There remains a need for systems capable of
providing real-time monitoring of the performance of in-
dividual cutters on tunnel boring machines, which could
be used to provide early detection of problems with indi-
vidual cutters, to provide information that may be used
to control the machine to optimize performance and avoid
unnecessary wear, and/or to monitor the conditions of
the rock or other material being bored.
[0006] JP 2003-307095 A shows a disk-roller cutter
and disk-roller cutter monitoring system having a sensor
detecting the abraded state of a disk, a sensor detecting
the rotary state of the disk and a sensor detecting a load
working in the vertical or inclined direction to an axis of
rotation for the roller cutter from a cutting facing are in-
stalled to the disk roller cutter. Output signals from each
sensor are taken into a control computer and processed,
and the quantity of an abrasion and number of revolution
of the disk and the state of the load acting on the disk
are displayed and output to a monitor at the same time
as the excavation of the facing and the status of use is
monitored.
[0007] JP 08-029276 A shows a cutter-load measuring
apparatus of a tunnel excavator having ultrasonic sen-
sors being attached to tightening bolts incorporated into
cutter mounting saddles, and a slip ring which transmits
a load signal to a measuring instrument is provided on
the side of an excavator body. JP 09-041864 A shows
an abrasion detecting device for a roller bit having a strike
sensor. US 7,182,407 B1 shows a rock boring device
with an oscillating and nutating rotary disc cutter. US
2008/0024000 discloses a disk-roller cutter monitoring
system having cutters equipped with sensors, with power
units and with transceivers for the signals acquired by
the sensors.
[0008] JP 08-246796 discloses another arrangement
for monitoring disk cutters based on a magnetized cutter
ring and a magnetic sensor.

SUMMARY

[0009] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This summary
is not intended to identify key features of the claimed
subject matter, nor is it intended to be used as an aid in
determining the scope of the claimed subject matter.
[0010] In an aspect of the invention, an apparatus for
monitoring a tunnel boring machine (TBM) during oper-
ation is disclosed, that includes a plurality of instrument
packages associated with cutters (i.e. cutter assemblies,
each of which comprising a cutter ring disposed on a hub
that is mounted for rotation about a shaft, and a retainer)
on the TBM. Each instrument package is maintained in
contact with the associated cutter, and includes sensor
that monitor the cutter, for example an accelerometer, a
temperature sensor, a magnetometer and the like. The
distal end of the instrument package directly contacts the
cutter, i.e. the retainer (portion) of the cutter, and is urged
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or compressively held against the retainer. The direct
contact provides accurate data for the associated cutter,
for example vibration, temperature and rotational speed
data. A sensor control board in the instrument package
receives data from the sensors, and wirelessly transmits
data to a remote receiver. The data may be used, for
example, to monitor the condition of the cutter and/or
TBM to detect wear or to suitably adjust the operating
parameters of the TBM. A power supply provides power
to the sensors and the control board. The apparatus in-
cludes means for attaching the instrument package to
the TMB.
[0011] In embodiments of the apparatus, the instru-
ment package includes a multi-axis accelerometer,
and/or a second accelerometer.
[0012] In embodiments of the apparatus, each cutter
assembly on the TBM has one or more instrument pack-
ages associated therewith. The instrument packages
may be wirelessly interconnected in a mesh or peer to
peer protocol.
[0013] In an embodiment of the apparatus, instrument
package includes a base plate having a distal arm portion
that supports the sensors, and the distal arm portion of
the base plate is in direct contact with the associated
cutter. A spring may be provided that biases the distal
arm portion of the base plate towards the associated cut-
ter assembly.
[0014] In an embodiment, a mounting bracket is fixedly
mounted to the tunnel boring machine, for example fix-
edly attached to the cutter housing assembly, and the
instrument packages include a removable portion that
slidably engages the mounting bracket.
[0015] A method for operating a tunnel boring machine
is also disclosed, that includes providing a plurality of
instrument packages containing sensors for monitoring
an associated cutter assembly (the cutter assemblies re-
spectively comprising a cutter ring disposed on a hub
that is mounted for rotation about a shaft, and a retainer),
a sensor control board that receives data from the sen-
sors, and a power supply, wherein the instrument pack-
age comprises a distal end that contains the plurality of
sensors and is in direct contact with and urged or com-
pressively held against the retainer of the associated cut-
ter assembly; and wirelessly transmitting data derived
from the sensors to a remote receiver; and using the data
transmitted to the remote receiver to control the operation
of the tunnel boring machine.
[0016] A tunnel boring machine is also disclosed that
includes a rotating cutter head that rotatably supports a
plurality of cutter assemblies, each cutter assembly com-
prising a shaft rotatably supporting a cutter ring; instru-
ment packages that are each associated with a cutter
assembly, and means for attaching the instrument pack-
ages to the tunnel boring machine.

DESCRIPTION OF THE DRAWINGS

[0017] The foregoing aspects and many of the attend-

ant advantages of this invention will become more readily
appreciated as the same become better understood by
reference to the following detailed description, when tak-
en in conjunction with the accompanying drawings,
wherein:

FIGURE 1 schematically illustrates a tunnel boring
machine showing some conventional components
and including sensors for monitoring the tunnel bor-
ing machine cutter assemblies in accordance with
the present invention;
FIGURE 2 is a perspective, partially exploded view
of a roller-type cutter assembly of the tunnel boring
machine shown in FIGURE 1;
FIGURE 3 is an assembled perspective view of the
cutter assembly shown in FIGURE 2 with a portion
of the housing mounts removed for clarity;
FIGURE 4 is an exploded view of the instrument
package for the cutter assembly shown in FIGURE 2;
FIGURE 5 is a block diagram outlining the operation
of the cutter assembly monitoring system for the tun-
nel boring machine shown in FIGURE 1;
FIGURE 6 shows a second embodiment of an in-
strument package in accordance with the present
invention; and
FIGURE 7 is an exploded view of the instrument
package shown in FIGURE 6.

DETAILED DESCRIPTION

[0018] A description of relevant portions of a tunnel
boring machine having cutter assemblies, and an asso-
ciated instrument package for monitoring the cutter as-
semblies, in accordance with the present invention will
now be presented, with reference to the FIGURES,
wherein like numbers indicate like parts. It will be appre-
ciated by persons of skill in the art that the present in-
vention may be embodied in various forms, and specific
details disclosed herein are not to be interpreted as lim-
iting, but rather as a basis for teaching persons skilled in
the art to make and use the present invention.
[0019] An environmental side view of an illustrative tun-
nel boring machine 90 having cutter assemblies 10 in
accordance with the present invention, is shown in FIG-
URE 1. The illustrative tunnel boring machine 90 has a
full face rotary cutter head 93 that rotatably supports a
plurality of roller-type cutter assemblies 10. Although
three cutter assemblies are visible in the illustration, it
will be appreciated by persons of skill in the art that typical
tunnel boring machines may incorporate 20, 50, 100 or
more cutter assemblies 10 rotatably disposed on the cut-
ter head 93.
[0020] In operation, the cutter head 93 is urged against
a surface 91 (illustrated in phantom) such that at least
some of the cutter assemblies 10 forcibly engage the
surface 91. In this illustrative embodiment, one or more
opposing sets of anchor shoes 94 are urged outwardly
with hydraulic cylinders 95 to engage tunnel walls thereby
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anchoring the tunnel boring machine 90. The cutter head
93 is then urged forwardly against the surface 91 with
thrust cylinders 96. The cutter head 93 rotates about a
longitudinal axis so that as the cutter assemblies 10 are
forcibly pressed against the surface 91, and roll along
the surface 91 the cutter assemblies 10 fracture, loosen,
grind, dislodge and/or break materials from the surface
91.
[0021] Refer now to FIGURE 2, which shows one of
the cutter assemblies 10 and related mounting and mon-
itoring components in a partially exploded view, in ac-
cordance with the present invention. An assembled per-
spective view is shown in FIGURE 3, with some compo-
nents omitted for clarity. The cutter assembly 10 includes
a cutter ring 15 disposed on a hub 12 that is mounted for
rotation about a shaft 13. Bearing assemblies (not
shown) are mounted generally on the shaft 13 to provide
for rotation of the hub 12 and cutter ring 15 about the
shaft 13. In the present embodiment, one or more mag-
nets 16 (FIGURE 3) are installed on or in the rotating hub
12, the purpose of which will become apparent.
[0022] Opposite ends of the shaft 13 are secured in a
cutter housing comprising spaced apart housing mounts
20L, 20R, each mounting portion defining an L-shaped
channel 21. The cutter assembly 10 is installed by sliding
the cutter assembly 10 such that the shaft 13 slides along
the channels 21 in the housing mounts 20L, 20R, and is
then shifted laterally into the recess formed by the L-
shaped leg of the channels 21. After thus positioning the
cutter assembly 10 between the housing mounts 20L,
20R the cutter assembly 10 is secured with a wedge-lock
system which is adapted to engage the shaped ends of
the shaft 13. It will be appreciated by persons of skill in
the art that there are various other ways of mounting cut-
ter assemblies to rotary head boring machines. The pre-
vious description describes a current method of mounting
"back loading cutters." The present invention may also
be applied with other mounting systems such as "front
loading cutters."
[0023] The wedge-lock system includes a wedge 22,
a clamp block 24, and a tubular sleeve 28 disposed ther-
ebetween. The wedge 22 is positioned to abut a periph-
eral facet near an end of the shaft 13 of the cutter as-
sembly 10, and the clamp block 24 engages an abutment
surface 25 on the housing mount 20L or 20R. A bolt 23
extends through the wedge 22, the sleeve 28, and the
clamp block 24, and is secured with two nuts 26 and a
washer 27. Therefore, as the bolt 23 is tensioned (by
torquing the nuts 26 to a design specification), the wedge
22 locks the cutter assembly 10 in place.
[0024] An instrument package 50 attaches to the cutter
assembly 10 (discussed in more detail below) to monitor
the associated cutter assembly 10 during operation of
the tunnel boring machine 90. In the preferred embodi-
ment the instrument package 50 comprises a modular
operating topology element, or mote, e.g., a semi-auton-
omous computing, communication and sensing device,
as described below. In the current embodiment, the in-

strument package 50 attaches to one of the wedge lock
assemblies with a mounting bracket 39.
[0025] In this embodiment, the instrument package 50
comprises a wedge-shaped outer housing 51 having a
proximal end 52 and a distal tip 53. The instrument pack-
age 50 is sized and positioned such that the distal tip 53
contacts and is compressively held against a retainer 14
of the cutter assembly 10. Spacers or the like (not shown)
may be installed on the assembly to ensure the instru-
ment package 50 is correctly positioned. In a current em-
bodiment at least one Belleville washer or comparable
compression mechanism is used, for example between
the sleeve 28 and the wedge 22, to ensure a desired
compressive fit. After the instrument package 50 is in-
stalled, the clamp block 24 is placed on the bolt 23, the
washer 27 is installed, and the two nuts 26 are fastened
to the bolt 23 and torqued to a design specification.
[0026] The outer housing 51 substantially encloses the
electronic and mechanical components of the instrument
package 50. Refer now also to FIGURE 4, which shows
an exploded view of the instrument package 50. In this
embodiment the instrument package 50 includes a sen-
sor control board assembly 31 having a processing ele-
ment 35, and that is operatively connected to one or more
accelerometers 32, at least one magnetometer 33 (or
magnetic detector), and at least one temperature sensor,
for example a thermocouple 34. It is contemplated that
the instrument package 50 may include additional sen-
sors, for example a strain gage, acoustic or optical sen-
sor, chemical detector, or the like. The sensor control
board assembly 31 further includes a wireless transceiv-
er 36 that transmits signals in the radio frequency band
through an antenna 37 to a remote receiver (not shown).
The electronic sensors 32, 33, 34 and wireless transceiv-
er 36 are powered by a battery pack 38 mounted to the
sensor control board assembly 31.
[0027] The sensor housing 51, when installed, con-
tacts the cutter assembly retainer 14 such that the distal
tip 53 is urged or compressively held against the retainer
14. Through this contact point, the accelerometers 32
are therefore subjected to the accelerations of the cutter
assembly 10. The accelerometers 32 measure the vibra-
tion of the cutter assembly 10 during operation as the
cutter ring 15 rotates along the surface 91. In one em-
bodiment, an optional reference accelerometer (not
shown) is provided that is not in direct contact with the
cutter assembly 10 to enable the system to filter out non-
cutter vibrations associated with the tunnel boring ma-
chine 90 operation. The vibrations detected by a refer-
ence accelerometer that is not in contact with a cutter
assembly 10 would provide a reference vibration, such
that the difference between the reference vibration and
the vibrations measured by an accelerometer 32 asso-
ciated with a particular cutter assembly 10 would provide
a measure of the vibrations particularly associated with
the associated cutter assembly 10.
[0028] Aspects of the load placed on the cutter assem-
bly 10 by the boring operation can also be monitored by
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the accelerometer 32. It will be appreciated that the bear-
ing assemblies in the cutter assembly 10 take most of
the loads transmitted from the boring surface 91 and
through the ring 15 and hub 12. These bearings are con-
sumable parts. In order to maximize the useful life of the
bearings while achieving good performance, the bear-
ings have a load limit specified by the manufacturer. The
accelerometers 32 can be used to ensure that the load
limit is not exceeded.
[0029] Although only one instrument package 50 is
shown with the cutter assembly 10 in FIGURE 2, it is
contemplated by the present invention that more than
one instrument package 50 may be used with some or
all of the cutter assemblies 10. For example, if instrument
packages 50 are placed on both ends of the cutter as-
sembly shaft 13, imbalances in the loading on either side
of the shaft 13 can be identified by comparing the output
of the accelerometers 32. An unbalanced load on the
cutter assembly 10 creates a fatigue situation in which
the cutter assembly 10 components are exposed to cy-
clical loading, which can significantly reduce the useful
life of mechanical components.
[0030] Other dynamic phenomena occurring during
operation of the cutter assembly 10 may be identified by
analyzing the output of the output signals from the accel-
erometers 32, for example the tightness of the nuts 26
holding the bolt 23 in place. The vibrations of a cutter
assembly 10 with a loose attachment would exhibit sig-
nificantly different characteristics than a cutter assembly
10 firmly secured in the housing mounts 20L, 20R. More-
over, the vibration signature would be different if a bolt
23 on the same side as the instrument package 50 was
loose, than if the bolt 23 opposite the instrument package
50 were loose.
[0031] In this embodiment, one or more magnets 16
are installed in the cutter hub 12 prior to installation of
the cutter assembly 10 in the cutter housing mounts 20L,
20R. As the cutter ring 15 and the hub 12 rotate about
the shaft 13, the magnet(s) 16 are detected by the mag-
netometer 33 in the associated instrument package 50.
The time interval between successive passes of the mag-
nets 16 can be used to calculate the rotational speed of
the cutter ring 15. Then, knowing the position of the par-
ticular cutter assembly 10 on the cutter head 93 and the
rotational speed of the cutter head 93, the time interval
data or rotational speed can be used to detect slippage
or locking of the cutter ring 15, or to calculate the current
diameter of the cutter ring 15 assuming no slippage be-
tween the cutter ring 15 and the surface 91. The current
diameter of the cutter ring 15 provides a measure of how
much the ring 15 has been worn or eroded by the tunnel
boring operation. As will be appreciated by persons of
skill in the art, determining the amount of wear on the
cutter ring 15 is very important. For example, mainte-
nance procedures for a tunnel boring machine 90 often
specify when the cutter assembly 10 should be replaced
that is based on the percent wear of the cutter ring 15.
[0032] The rotational speed of the cutter ring 15, and

in particular the time variation of the rotational speed, is
also desirable to know because it provides an indicator
of the rolling smoothness. A constant rotational speed of
the cutter ring 15 (while the cutter head 93 is rotating at
a constant speed) indicates that the cutter assembly
bearings are functioning properly. An erratic rotational
speed indicates the cutter ring 15 is slipping, and may
therefore indicate that the bearings are failing and a com-
ponent needs replacing. Alternatively, erratic rotational
speeds for a significant number of cutter rings 15 may
suggest modifying the operational parameters of the tun-
nel boring machine 90, to achieve optimum performance.
For example, if the rotational speeds for a number of
cutter rings 15 are erratic, this may indicate the cutter
head 93 is being pressed too firmly against the surface
91.
[0033] The temperature of the cutter ring 15 is another
indicator of how well the cutter assembly 10 is function-
ing. Friction between the cutter ring 15 and the surface
91 will generate heat. If the cutter ring 15 is rotating rel-
atively freely, the measured temperature will reach a con-
stant level. However, if the cutter ring 15 is not rotating
freely, and is instead dragging or slipping across the sur-
face 91, the temperature of the cutter assembly 10 will
rise substantially and quickly. Similarly, if the cutter ring
bearing is experiencing excessive friction, the tempera-
ture of the bearing will increase, causing the cutter as-
sembly 10 temperature to rise. In either case, monitoring
the temperature of the cutter assembly 10 provides an
operator with an early indication that a problem exists,
such that corrective action (such as shutting down the
machine, or scheduling maintenance) may be undertak-
en (automatically or by the user) before more significant
damage is done.
[0034] In an embodiment of the invention, one or more
of the instrument packages 50 (hereinafter referred to as
the reference instrument package), includes a dual axis
accelerometer (not shown) in addition to the other sen-
sors discussed above. The dual axis accelerometer is
able to measure acceleration, including gravity, in two
directions, typically orthogonally oriented directions.
Functionally, the dual axis accelerometer includes a first
accelerometer that is oriented perpendicular to a second
accelerometer in a generally horizontal plane, e.g., one
axis oriented radially to the cutter head 93 and the other
oriented tangentially to the cutter head 93. The dual axis
accelerometer measures when the cutter head 93 is ro-
tating, and can be used to provide a reference point for
locating individual cutter assemblies 10.
[0035] It will be appreciated by persons of skill in the
art that the dual axis accelerometer on the reference in-
strument package can be located by analyzing the de-
tected accelerometer values, as follows. The relative po-
sition of the dual axis accelerometer on the cutter head
93 is known. For example, a reference map of cutter as-
sembly locations may be generated. The dual axis ac-
celerometer displays positive or negative values of grav-
itational acceleration based on the particular orientation
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of the accelerometer. Therefore, the rotational orienta-
tion of the dual axis accelerometer can be determined
with reference to gravity. The rotational orientation of the
dual axis accelerometer, and its relative position on the
cutter head 93 determines its position relative to the other
cutter assembly instrument packages 50. By knowing the
position of the reference cutter, the other cutters can also
be located by referencing to the reference map of cutter
assembly locations. This is desirable when a cutter as-
sembly 10 is experiencing anomalous operating condi-
tions and needs to be located in the cutter head 93 and
inspected.
[0036] In the current embodiment, for each instrument
package 50 the data measured by the accelerometers
32, magnetometers 33, and temperature sensors 34, are
converted into digital signals by the processor 35 on the
sensor control board assembly 31. This digital data is
then transmitted through the antenna 37 to a remote re-
ceiver that may be disposed elsewhere on the tunnel
boring machine 90. In the preferred embodiment, every
cutter assembly 10 on the tunnel boring machine 90 is
provided with one or two instrument packages 50, pro-
viding the clearest indication possible of boring condi-
tions. This collection of many instrument packages 50 is
known as a sensor network.
[0037] Data from the sensor network may be relayed
to a display for the operator of the tunnel boring machine
90. Displaying data from each of the instrument packages
50 in relation to the location of each other instrument
package 50 on the cutter head 93 would allow the oper-
ator to infer the structure of the rock and adjust the op-
erating parameters accordingly to achieve maximum ef-
ficiency. For example, the vibration measurements from
each instrument package 50, used in conjunction with
the sensor mapping capability, would allow display of a
map of the rock face with indications of rock conditions
including, but not limited to, rock hardness, degree of
fracturing, and any localized geological structures. This
display can be effectively used to increase the production
of the tunnel boring machine 90 by allowing the individual
cutter assemblies 10 to operate closer to their design
limits. Without this system, the operational envelope of
each cutter assembly 10 has to be assumed as an aver-
age of the total loading of the machine, forcing overall
operational parameters to be reduced. Local variations
in the rock conditions seen by an individual cutter assem-
bly 10 cannot be accounted for without this system, as
the overall average loading is the only data available. By
using an individual sensing system, the extreme phe-
nomena can be detected and operating parameters can
be adjusted to achieve the maximum load for each indi-
vidual cutter assembly 10.
[0038] A current embodiment uses a sensor control
board assembly 31 that is capable of two transmission
pathways for sending data to the receiver. The transmis-
sion can be performed through a point-to-point protocol,
in which data from each instrument package 50 is sent
directly to the receiver, or it can be performed through a

multi-hop mesh network protocol, in which the instrument
packages 50 can work together and act as relays for the
data. The current instrument packages 50 are capable
of both transmission and reception of radio frequency
signals through the antenna 37. With this dual capability,
each instrument package 50 can receive data from other
instrument packages 50 and pass this data on to the re-
ceiver. The primary advantage of the mesh network pro-
tocol is that the instrument packages 50 most distant from
the receiver can use other instrument packages 50 closer
to the receiver to relay their measured data, in case of
insurmountable radio interference. Disadvantages of the
mesh network protocol is the higher battery consumption
rate and potentially higher signal traffic. To alleviate bat-
tery consumption limitations, a power generation system
which uses dynamic motion to create electrical power
may be implemented. This would eliminate or mitigate
the need for a battery pack 38.
[0039] Figure 5 is a block diagram outlining the oper-
ation of a tunnel boring machine 90 equipped with instru-
ment packages 50 according to the present invention.
Instrument packages 50 are installed 70 on the associ-
ated cutter assemblies 10, with one end of each instru-
ment package 50 directly contacting the associated cut-
ter assembly 10.
[0040] If used, the reference cutter dual axis acceler-
ometer (discussed above) is initialized or monitored upon
installation 70, i.e., prior to initiating rotation of the cutter
head 93. When the dual axis accelerometer signals
changes in gravitational pull, the cutter head 93 is rotat-
ing. The instrument package 50 containing the reference
cutter dual axis accelerometer then transmits a signal to
the receiver indicating that the cutter head 93 is turning.
The receiver, which can also act as a transceiver, then
emits an initialization signal to the other instrument pack-
ages 50 to begin sampling data. This is the initialization
phase 71 in the block diagram. It will be appreciated that
if a reference dual axis accelerometer is not used, any
other suitable signal may be used to detect or determine
the cutter head is turning, and to initiate data sampling
71, as will be apparent to persons of skill in the art.
[0041] The sensor control board assembly 31 of the
instrument package draws enough continuous power to
monitor for signals transmitted from the receiver. When
the initialization signal is received by the instrument pack-
ages 50, the instrument packages 50 begin sampling 72
their respective data.
[0042] The sampling 72 logic for each of the sensors
32, 33, 34 is different. For example, in a system using a
reference accelerometer (as discussed above) in addi-
tion to the instrument package 50 accelerometers 32, the
signals are relayed to the sensor control board assembly
31, and the reference accelerometer signal is subtracted
from the detected relayed cutter accelerometer signal.
The temperature sensor 34 takes temperature readings
periodically at a pre-set rate. The magnetometer 33 sam-
ples the magnetic field continuously, so that when the
magnet(s) 16 in the hub 12 pass near the magnetometer
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33, the magnetic field is detected. When the detected
magnetic field exceeds a pre-established limit, the sensor
control board assembly 31 registers a count and calcu-
lates an instantaneous rotational speed of the cutter as-
sembly 10 based on the time elapsed since the previous
detection of magnet 16 passage. For example, the rota-
tional speed may be calculated using the following equa-
tion: RPM = (n/T)*60 where T is the time in seconds
elapsed between magnetic counts and n is the number
of magnets 16 embedded in the hub 12. When the rota-
tional speed of the cutter assembly 10 is known, the di-
ameter of the cutter ring 15 can be calculated as: D =
(2*r*d)/R where r is the rotational speed of the cutter head
93 (in rpm), d is the distance to the cutter ring 15 center-
plane from the center of the cutter head 93, and R is the
measured rotational speed of the of the cutter assembly
10 as calculated above.
[0043] The data measured by the sensors is relayed
to the sensor control board assembly 31, where it is en-
coded by the transceiver board 36 into a radio signal and
transmitted 73 through the antenna 37. In order to save
battery life, the transceiver is not continuously operating.
Data is measured and recorded at specified time inter-
vals, and a transmission interval is also established with
a frequency appropriate for measuring the dynamic char-
acteristics of the cutters. The sample and transmission
intervals are not static values, but can be adjusted by
programming the sensor devices. There is no single ideal
sample period, as tunnel boring operations vary widely,
based on parameters including rock characteristics, cut-
ter ring 15 material, cutter load rating, and tunnel boring
machine power. The flexibility inherent in this wireless
system allows changing of the sampling conditions while
boring to achieve the best data resolution and longest
sensor life possible.
[0044] In a current embodiment of the instrument pack-
age 50, the selected accelerometers are ultra-compact
low-power 3-axis linear accelerometers that include a
sensing element and an IC interface, such as the
LIS302DL from STMicroelectronics Company headquar-
tered in Geneva, Switzerland. The selected accelerom-
eter is capable of providing the measured acceleration
data to external applications via an I2C/SPI serial inter-
face. The selected temperature sensors 34 are thin film
platinum resistance temperature detectors, for example
a HEL-700 series Thin Film Platinum RTD from Honey-
well International, Inc. headquartered in Morristown, NJ.
The selected temperature sensors provide excellent lin-
earity, stability and interchangeability. The selected mag-
netometers 33 are magnetoresistive sensors, for exam-
ple position sensors 2SS52M, also from Honeywell In-
ternational, Inc.
[0045] The accelerometer was chosen because it is
inexpensive, very low power, has a digital interface and
has built-in signal processing. It is contemplated that
higher g-rated, higher power devices may alternatively
be used, or a mechanical damper may be devised to
bring the acceleration values within the constraints of the

sensor. The temperature sensor was chosen because of
its temperature range and low power requirement. How-
ever, these types of devices are readily interchangeable,
and other temperature sensors may alternatively be
used.
[0046] Various mote sensor communication topolo-
gies contemplated for the present system may be imple-
mented according to the present invention.
[0047] For example, the instrument packages 50 may
be interconnected in a mesh network such that if the wire-
less transceiver 36 is unable to communicate with the
receiver directly, the signal can be relayed through other
instrument packages 50 to the receiver. For example, a
mesh networking protocol has been tested in network
sizes having 20, 50 and 99 nodes, each node comprising
or representing an instrument package 50, and a single
base station or receiver. In the tests, the nodes were
spaced approximately 1.5 feet away from any other node,
and approximately thirty feet from the receiver. To im-
prove the quality of service, or the ability to control the
reliability of the network, the network may be operated
with message acknowledgment (ACK) enabled, wherein
a node will continue sending its signal until an ACK mes-
sage is returned. Although the network topology operated
reasonably well for smaller numbers of nodes, commu-
nication issues become significant as the number of
nodes was increased to 99, and of course are more pro-
nounced when ACK is enabled.
[0048] In another topology implementation, the wire-
less data network comprises a peer-to-peer (P2P) topol-
ogy, wherein the wireless transceivers 36 communicate
only directly with the receiver, that is, each sensor node
reports directly to the base station. In a tested implemen-
tation, each sensor node is assigned a reporting time-
slot within the reporting window. This allows each node
to send a message to the receiver or base station with
minimum chance of collision with other reporting nodes.
It will be appreciated by persons of skill in the art that the
P2P topology allows for much longer battery life because
the transceivers 36 do not need to be continuously re-
ceiving/transmitting. The P2P topology also may be run
in a no-ACK mode or in an ACK-enabled mode. The P2P
topology tested to be much more reliable than the mesh
network topology, particularly at larger numbers of
nodes. However, it will be appreciated that if a node or
instrument package 50 is in an RF dead spot, such indi-
vidual nodes may perform poorly.
[0049] A very low average packet loss rate was
achieved for the P2P topology with ACK enabled, such
that each node can re-send a message up to 6 times if
not confirmed received by the receiver (for example). In
one test a 99-node, ACK-enabled P2P topology pro-
duced an average packet loss rate of only 3.5%
[0050] Testing indicated that a mesh network showed
clear reliability advantages over a time-synchronized
P2P network for deployment of up to fifty nodes, but at
an energy cost approximately 26 times as high. With
greater than 50 nodes, the P2P network reliability re-
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mains very good, whereas the mesh network deteriorates
significantly. Moreover, it is expected that "dead spots"
that hinder the reliability of P2P networks will be mitigated
by motion of the tunnel boring machine.
[0051] Another alternative embodiment of an instru-
ment package or sensor package 150 for monitoring a
cutter assembly 10 in accordance the present invention
is shown in FIGURE 6, wherein the outer housing 151 is
shown in phantom. A partially exploded view of the in-
strument package 150 is shown in FIGURE 7.
[0052] In this embodiment, it is contemplated that the
instrument package 150 installed on the cutter assem-
blies 10 will include the same or a similar sensor package
to the sensor package 150 described above. For exam-
ple, in some embodiments no reference dual axis accel-
erometer is used to measure when the cutter head 93 is
rotating and provide the reference point for locating sen-
sors. Instead, the rotational measurement and reference
point may be determined, for example, by placing two
additional sensors in the system. A sensor may be placed
on one of the TBM drive motors (not shown) to measure
shaft rotational speed of the motor. The rotational speed
measurement may be accomplished by installing a mag-
net on the drive shaft and using a magnetometer, by use
of an optical sensor, or by any other means as are well-
known in the art. By using gear ratio information for the
machine and measuring the motor shaft rotational speed,
the rotational speed of the cutter head 93 can be deter-
mined.
[0053] A second sensor may be provided to detect pas-
sage of a magnet installed on the cutter head 93 by use
of a magnetometer enclosed in a protective housing. It
is contemplated that both of these two additional sensors
would transmit data back to the base station.
[0054] The sensor package 150 is adapted to be
mounted directly to the cutter housing assembly for the
associated cutter assembly 10. An advantage of the di-
rect mounting is that the sensor package 150 does not
interfere with the standard procedure for installing and
removing cutters. A mounting bracket 139 supports the
instrument package 150 on the cutter assembly 10, and
may be fixedly or releasably attached directly to one of
the housing mounts 20L, 20R (FIGURE 2). For example,
the mounting bracket 139 may be welded to one of hous-
ing mounts 20L, 20R, or attached by conventional hard-
ware.
[0055] The mounting bracket 139 includes a bottom
surface 140, oppositely disposed side walls 141, and a
retaining tab 142 having a locking aperture 143. A pro-
tective spacing element 110 is disposed on the bottom
surface 140 of the mounting bracket 139. A retaining
bracket 132 attaches near a proximal end of the mounting
bracket 139, and a spring element 134 attaches near a
distal end of the mounting bracket 139.
[0056] A removable portion of the instrument package
150 includes a base plate 160 having a distal arm 162
with an upwardly-extending nose 164 that is adapted to
engage an associated cutter assembly 10. The distal arm

162 supports the cutter assembly sensors, such as the
accelerometer 32, magnetometer 33 and temperature
sensor 34. The sensors are operably connected to the
sensor control board assembly 31, which receives the
sensor data and transmits it to the remote receiver, as
discussed above.
[0057] The base plate 160 further includes a position-
ing tab 163 that is sized and positioned to engage the
locking aperture 143 in the retaining tab 142. A seat 172
urges the base plate 160 towards a desired position with-
in the mounting bracket 139, and a sliding clamp 170
releasably engages the retaining bracket 132. The base
plate 160 is secured to an outer housing 151 with a plu-
rality of screws 174. The housing 151 includes a main
body portion 154, defining a battery aperture 156, and a
distal arm portion 152 that overlies the distal arm 162 of
the base plate 160. The distal arm portion 152 includes
an end channel 158 that slidably receives the nose 164
extending upwardly from the base plate 160.
[0058] It can now be seen that the spring element 134
discussed above, attached to the mounting bracket 139,
includes an angled arm portion 133 that abuts or engages
the distal end of the base plate arm 162. The spring el-
ement 134 is sized and engineered to provide an elastic
force on the distal arm 162 such that the nose 164 of the
base plate 160 is elastically urged towards the associated
cutter retainer 14 (FIGURE 3). Elastic deformation of the
distal arm 162 will therefore allow the nose 164 to main-
tain contact with the associated cutter retainer, even as
the cutter experiences wear, over a range of wear pat-
terns.
[0059] A battery holder 175 is adapted to hold one or
more batteries 176 (two shown) for providing power to
the sensors 32, 33, 34, sensor control board assembly
31 and related electronics, through terminals 178.
[0060] In a current embodiment, the outer housing 151
is made of a plastic material, and the mounting bracket
139 and base plate are metal, although other materials
may be used including for example composite materials
or the like. It will be appreciated that the instrument pack-
age 150 must be constructed of sturdy materials to with-
stand the very harsh environment near the cutter assem-
blies 10. All sensor electronics are potted in place using
vibration dampening material in the sensor enclosure.
The metal base plate 160 is assembled onto the outer
housing 151, with the tip of the outer cover protected by
the metal nose 164 on the base plate 160. The enclosure
includes a removable battery compartment 175 to permit
the replacement of batteries 176 in the field. This battery
compartment 175 may include a switch for configuring
the batteries to be in parallel or in series, thereby allowing
the use of either alkaline or lithium metal batteries.
[0061] In this embodiment, the removable portion of
the sensor package 150, including the base plate 160
(and various components mounted thereon) and the out-
er housing 151 may be removed by slidably releasing
the sliding clamp 170, and sliding the removable portion
from the mounting bracket 139.
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[0062] While illustrative embodiments have been illus-
trated and described, it will be appreciated that various
changes can be made therein without departing from the
scope of the invention.

Claims

1. An apparatus for monitoring a tunnel boring machine
(90) during operation, wherein the tunnel boring ma-
chine (90) comprises a plurality of cutter assemblies
(10) having a rotatable portion mounted on a cutter
head (93), wherein each of the cutter assemblies
(10) comprises a cutter ring (15) disposed on a hub
(12) that is mounted for rotation about a shaft (13),
and a retainer (14), the apparatus comprising:

a plurality of instrument packages (50, 150),
each instrument package (50, 150) being asso-
ciated with one of the plurality of cutter assem-
blies (10), each instrument package (50, 150)
comprising i) a distal end that is in direct contact
with and urged or compressively held against
the retainer (14) of the associated cutter assem-
bly (10), the distal end of the instrument package
(50, 150) containing a plurality of sensors
(32-34) for monitoring the associated cutter as-
sembly (10), ii) a sensor control board (31) op-
eratively connected to the plurality of sensors
(32-34), the sensor control board (31) further
comprising a transceiver (36) adapted to wire-
lessly transmit data detected by the plurality of
sensors (32-34) to a remote receiver, and iii) a
power supply connected to provide power to the
sensor control board (31); and
means (39, 139) for attaching each of the plu-
rality of instrument packages (50, 150) to the
associated cutter assembly (10).

2. The apparatus of Claim 1, wherein the plurality of
sensors (32-34) comprises an accelerometer (32),
a temperature sensor (34) and a sensor (33) for
measuring the rotational speed of the rotatable por-
tion of the associated cutter assembly (10).

3. The apparatus of Claim 2, wherein the sensor (33)
for measuring the rotational speed of the rotatable
portion comprises a magnetometer (33).

4. The apparatus of Claim 2 or 3, wherein the acceler-
ometer (32) comprises a multi-axis accelerometer.

5. The apparatus of any one of the preceding Claims,
wherein the plurality of sensors (32-34) further com-
prises a second accelerometer (32).

6. The apparatus of any one of the preceding Claims,
wherein the plurality of instrument packages (50,

150) comprises at least one instrument package (50,
150) for each of the plurality of cutter assemblies
(10).

7. The apparatus of any one of the preceding Claims,
wherein the plurality of instrument packages (50,
150) comprises two instrument packages (50, 150)
for each of the plurality of cutter assemblies (10).

8. The apparatus of Claim 7, wherein the instrument
packages (50, 150) are placed on both ends of the
shaft (13) of the cutter assembly (10).

9. The apparatus of any one of the preceding Claims,
wherein the plurality of instrument packages (50,
150) are wirelessly interconnected in one of a mesh
and a peer-to-peer network protocol.

10. The apparatus of any one of the preceding Claims,
wherein the plurality of sensors (32-34) are mounted
to a distal arm portion (162) of a base plate (160),
and further comprising a spring (134) that biases the
distal arm portion (162) of the base plate (160) to-
wards the associated cutter assembly (10).

11. The apparatus of any one of the preceding Claims,
wherein the means (39, 139) for attaching each of
the plurality of instrument packages (50, 150) to the
associated cutter assembly (10) comprises a mount-
ing bracket (39, 139) fixedly attached to the tunnel
boring machine (90), and wherein the instrument
package (50, 150) includes a removable portion that
includes the plurality of sensors (32-34) and the sen-
sor control board (31).

12. The apparatus of Claim 11, wherein the removable
portion comprises a base plate (160) having a distal
arm portion (162) that supports the plurality of sen-
sors (32-34), and further comprising a spring ele-
ment (134) that biases the base plate distal arm por-
tion (162) into contact with the associate cutter as-
sembly (10).

13. A method for operating a tunnel boring machine (90)
having a plurality of cutter assemblies (10), each cut-
ter assembly (10) comprising a rotating portion,
wherein each of the cutter assemblies (10) compris-
es a cutter ring (15) disposed on a hub (12) that is
mounted for rotation about a shaft (13), and a retainer
(14), the method comprising the steps of:

providing a plurality of instrument packages (50,
150), each instrument package (50, 150) being
associated with one of the plurality of cutter as-
semblies (10), and comprising a plurality of sen-
sors (32-34) that monitor the associated cutter
assembly (10), a sensor control board (31) that
receives data from the plurality of sensors

15 16 



EP 2 304 177 B1

10

5

10

15

20

25

30

35

40

45

50

55

(32-34), and a power supply, wherein the instru-
ment package (50, 150) comprises a distal end
that contains the plurality of sensors (32-34) and
is in direct contact with and urged or compres-
sively held against the retainer (14) of the asso-
ciated cutter assembly (10);
wirelessly transmitting data derived from the plu-
rality of sensors (32-34) to a remote receiver;
using the data transmitted to the remote receiver
to control the operation of the tunnel boring ma-
chine (90).

14. The method of Claim 13, wherein the plurality of sen-
sors (32-34) comprises an accelerometer (32), a
temperature sensor (34) and a sensor (33) for meas-
uring the rotational speed of the rotatable portion of
the associated cutter assembly (10).

15. The method of Claim 14, wherein the accelerometer
(32) comprises a multi-axis accelerometer.

16. The method of any one of Claims 13 to 15, wherein
the plurality of instrument packages (50, 150) com-
prises at least one, preferably two instrument pack-
ages (50, 150) for each of the plurality of cutter as-
semblies (10), wherein the instrument packages (50,
150) are preferably placed on both ends of a shaft
(13) of the cutter assembly (10).

17. The method of any one of Claims 13 to 16, wherein
the plurality of instrument packages (50, 150) are
wirelessly interconnected in a mesh network proto-
col.

18. The method of any one of Claims 13 to 17, further
comprising elastically biasing a distal arm portion
(162) of the instrument package (50, 150) towards
the associated cutter assembly (10) to maintain the
instrument package (50, 150) in contact with the as-
sociated cutter assembly (10).

19. A tunnel boring machine (90) comprising:

a rotating cutter head (93) that rotatably sup-
ports a plurality of cutter assemblies (10), each
cutter assembly (10) comprising a shaft (13) ro-
tatably supporting a cutter ring (15); and
an apparatus for monitoring the tunnel boring
machine (90) during operation according to any
one of claims 1 to 12.

Patentansprüche

1. Vorrichtung zum Überwachen einer Tunnelbohrma-
schine (90) im Betrieb, wobei die Tunnelbohrmaschi-
ne (90) mehrere Meißelanordnungen (10), wobei ein
drehbarer Teil auf einem Bohrkopf (93) befestigt ist,

aufweist, wobei jede der Meißelanordnungen (10)
eine Meißelscheibe (15), die auf einer Nabe (12), die
zur Drehung um eine Welle (13) befestigt ist, ange-
bracht ist, und einen Halter (14) aufweist, wobei die
Vorrichtung Folgendes aufweist:

mehrere Instrumenteneinheiten (50, 150), wo-
bei jede Instrumenteneinheit (50,150) einer der
mehreren Meißelanordnungen (10) zugeordnet
ist, wobei jede Instrumenteneinheit (50, 150) i)
ein distales Ende, das direkt in Kontakt mit dem
Halter (14) der zugeordneten Meißelanordnung
(10) steht und gegen diesen gedrängt oder zu-
sammendrückend gehalten ist, wobei das dis-
tale Ende der Instrumenteneinheit (50, 150)
mehrere Sensoren (32 bis 34) zum Überwachen
der zugeordneten Meißelanordnung (10) auf-
weist, ii) eine Sensorsteuerplatine (31), die be-
triebswirksam mit den mehreren Sensoren (32
bis 34) verbunden ist, wobei die Sensorsteuer-
platine (31) ferner einen Sendeempfänger (36),
der dazu ausgelegt ist, Daten, die von den meh-
reren Sensoren (32 bis 34) detektiert werden,
drahtlos zu einem entfernten Empfänger zu
übertragen, aufweist, und iii) eine Leistungsver-
sorgung, die derart verbunden ist, der Sensor-
steuerplatine (31) Leistung zu liefern, aufweist;
und
Mittel (39, 139) zum Anbringen jeder der meh-
reren Instrumenteneinheiten (50, 150) an der
zugeordneten Meißelanordnung (10).

2. Vorrichtung nach Anspruch 1, wobei die mehreren
Sensoren (32 bis 34) einen Beschleunigungsmesser
(32), einen Temperatursensor (34) und einen Sen-
sor (33) zum Messen der Drehzahl des drehbaren
Teils der zugeordneten Meißelanordnung (10) auf-
weisen.

3. Vorrichtung nach Anspruch 2, wobei der Sensor (33)
zum Messen der Drehzahl des drehbaren Teils ein
Magnetfeldstärkenmessgerät (33) aufweist.

4. Vorrichtung nach Anspruch 2 oder 3, wobei der Be-
schleunigungsmesser (32) einen mehrachsigen Be-
schleunigungsmesser aufweist.

5. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die mehreren Sensoren (32 bis 34)
ferner einen zweiten Beschleunigungsmesser (32)
aufweisen.

6. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die mehreren Instrumenteneinheiten
(50, 150) mindestens eine Instrumenteneinheit (50,
150) für jede der mehreren Meißelanordnungen (10)
aufweisen.
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7. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die mehreren Instrumenteneinheiten
(50, 150) zwei Instrumenteneinheiten (50, 150) für
jede der mehreren Meißelanordnungen (10) aufwei-
sen.

8. Vorrichtung nach Anspruch 7, wobei die Instrumen-
teneinheiten (50, 150) an beiden Enden der Welle
(13) der Meißelanordnung (10) angeordnet sind.

9. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die mehreren Instrumenteneinheiten
(50, 150) drahtlos in einem Maschennetzwerkproto-
koll oder einem Peer-to-Peer-Netzwerkprotokoll mit-
einander verbunden sind.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die mehreren Sensoren (32 bis 34)
auf einem distalen Armabschnitt (162) einer Basis-
platte (160) befestigt sind und ferner eine Feder
(134) aufweisen, die den distalen Armabschnitt
(162) der Basisplatte (160) zu der zugeordneten Mei-
ßelanordnung (10) vorspannt.

11. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei die Mittel (39, 139) zum Anbringen
jeder der mehreren Instrumenteneinheiten (50, 150)
an der zugeordneten Meißelanordnung (10) einen
Befestigungswinkel (39, 139), der fest an der Tun-
nelbohrmaschine (90) angebracht ist, aufweisen,
und wobei die Instrumenteneinheit (50, 150) einen
entfernbaren Teil aufweist, der die mehreren Sen-
soren (32 bis 34) und die Sensorsteuerplatine (31)
aufweist.

12. Vorrichtung nach Anspruch 11, wobei der entfern-
bare Teil eine Basisplatte (160) aufweist, die einen
distalen Armabschnitt (162), der die mehreren Sen-
soren (32 bis 34) trägt, aufweist, und ferner ein Fe-
derelement (134) aufweist, das den distalen
Armabschnitt (162) der Basisplatte in Kontakt mit der
zugeordneten Meißelanordnung (10) vorspannt.

13. Verfahren zum Betreiben einer Tunnelbohrmaschi-
ne (90), die mehrere Meißelanordnungen (10) auf-
weist, wobei jede Meißelanordnung (10) einen dreh-
baren Teil aufweist, wobei jede der Meißelanordnun-
gen (10) eine Meißelscheibe (15), die auf einer Nabe
(12), die zur Drehung um eine Welle (13) befestigt
ist, angebracht ist, und einen Halter (14) aufweist,
wobei das Verfahren die folgenden Schritte aufweist:

Bereitstellen mehrerer Instrumenteneinheiten
(50, 150), wobei jede Instrumenteneinheit (50,
150) einer von mehreren Meißelanordnungen
(10) zugeordnet ist und mehrere Sensoren (32
bis 34), die die zugeordnete Meißelanordnung
(10) überwachen, eine Sensorsteuerplatine

(31), die Daten von den mehreren Sensoren (32
bis 34) empfängt, und eine Leistungsversor-
gung aufweist, wobei die Instrumenteneinheit
(50, 150) ein distales Ende, das die mehreren
Sensoren (32 bis 34) aufweist und in direktem
Kontakt mit dem Halter (14) der zugeordneten
Meißelanordnung (10) steht und gegen diesen
gedrängt oder zusammendrückend gehalten ist,
aufweist;
drahtloses Übertragen von Daten, die von den
mehreren Sensoren (32 bis 34) erhalten wer-
den, an einen entfernten Empfänger;
Verwenden der Daten, die an den entfernten
Empfänger übertragen werden, zum Steuern
des Betriebs der Tunnelbohrmaschine (90).

14. Verfahren nach Anspruch 13, wobei die mehreren
Sensoren (32 bis 34) einen Beschleunigungsmesser
(32), einen Temperatursensor (34) und einen Sen-
sor (33) zum Messen der Drehzahl des drehbaren
Teils der zugeordneten Meißelanordnung (10) auf-
weisen.

15. Verfahren nach Anspruch 14, wobei der Beschleu-
nigungsmesser (32) einen mehrachsigen Beschleu-
nigungsmesser aufweist.

16. Verfahren nach einem der Ansprüche 13 bis 15, wo-
bei die mehreren Instrumenteneinheiten (50, 150)
mindestens eine, bevorzugt zwei Instrumentenein-
heiten (50, 150) für jede der mehreren Meißelanord-
nungen (10) aufweisen, wobei die Instrumentenein-
heiten (50, 150) bevorzugt an beiden Enden einer
Welle (13) der Meißelanordnung (10) angeordnet
sind.

17. Verfahren nach einem der Ansprüche 13 bis 16, wo-
bei die mehreren Instrumenteneinheiten (50, 150)
drahtlos in einem Maschennetzwerkprotokoll mitein-
ander verbunden sind.

18. Verfahren nach einem der Ansprüche 13 bis 17, das
ferner elastisches Vorspannen eines distalen
Armabschnitts (162) der Instrumenteneinheit (50,
150) zu der zugeordneten Meißelanordnung (10),
zum Halten der Instrumenteneinheit (50, 150) in
Kontakt mit der zugeordneten Meißelanordnung
(10), aufweist.

19. Tunnelbohrmaschine (90), die Folgendes aufweist:

einen rotierenden Bohrkopf (93), der mehrere
Meißelanordnungen (10) drehbar trägt, wobei
jede Meißelanordnung (10) eine Welle (13), die
eine Meißelscheibe (15) drehbar trägt, aufweist;
und
eine Vorrichtung zum Überwachen der Tunnel-
bohrmaschine (90) im Betrieb gemäß einem der
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Ansprüche 1 bis 12.

Revendications

1. Appareil pour surveiller un tunnelier (90) pendant
son fonctionnement, dans lequel le tunnelier (90)
comprend une pluralité d’ensembles de coupe (10)
ayant une partie rotative montée sur une tête de cou-
pe (93), chacun des ensembles de coupe (10) com-
prenant un anneau de coupe (15) disposé sur un
moyeu (12) qui est monté pour tourner autour d’un
arbre (13) et un dispositif de retenue (14), l’appareil
comprenant :

une pluralité de boîtiers d’instrument (50, 150),
chaque boîtier d’instrument (50, 150) étant as-
socié à l’un de la pluralité d’ensembles de coupe
(10), chaque boîtier d’instrument (50, 150) com-
prenant i) une extrémité distale qui est en con-
tact direct avec, et poussée ou maintenue par
compression contre, le dispositif de retenue (14)
de l’ensemble de coupe associé (10), l’extrémité
distale du boîtier d’instrument (50, 150) conte-
nant une pluralité de capteurs (32 à 34) pour
surveiller l’ensemble de coupe associé (10), ii)
une carte de commande de capteur (31) con-
nectée de manière fonctionnelle à la pluralité de
capteurs (32 à 34), la carte de commande de
capteur (31) comprenant en outre un émetteur-
récepteur (36) conçu pour la transmission sans
fil des données détectées par la pluralité de cap-
teurs (32 à 34) à un récepteur distant, et iii) une
alimentation électrique connectée pour fournir
de l’énergie à la carte de commande de capteur
(31) ; et
des moyens (39, 139) pour fixer chacun de la
pluralité de boîtiers d’instrument (50, 150) à l’en-
semble de coupe associé (10).

2. Appareil selon la revendication 1, la pluralité de cap-
teurs (32 à 34) comprenant un accéléromètre (32),
un capteur de température (34) et un capteur (33)
pour mesurer la vitesse de rotation de la partie rota-
tive de l’ensemble de coupe associé (10).

3. Appareil selon la revendication 2, le capteur (33)
pour mesurer la vitesse de rotation de la partie rota-
tive comprenant un magnétomètre (33).

4. Appareil selon la revendication 2 ou 3, l’accéléromè-
tre (32) comprenant un accéléromètre à axes multi-
ples.

5. Appareil selon l’une quelconque des revendications
précédentes, la pluralité de capteurs (32 à 34) com-
prenant en outre un deuxième accéléromètre (32).

6. Appareil selon l’une quelconque des revendications
précédentes, la pluralité de boîtiers d’instrument (50,
150) comprenant au moins un boîtier d’instrument
(50,150) pour chacun de la pluralité d’ensembles de
coupe (10).

7. Appareil selon l’une quelconque des revendications
précédentes, la pluralité de boîtiers d’instrument (50,
150) comprenant deux boîtiers d’instrument (50,
150) pour chacun de la pluralité d’ensembles de cou-
pe (10).

8. Appareil selon la revendication 7, les boîtiers d’ins-
trument (50, 150) étant placés sur les deux extrémi-
tés de l’arbre (13) de l’ensemble de coupe (10).

9. Appareil selon l’une quelconque des revendications
précédentes, la pluralité de boîtiers d’instrument (50,
150) étant interconnectés sans fil dans l’un d’un ré-
seau maillé et d’un protocole de réseau pair à pair.

10. Appareil selon l’une quelconque des revendications
précédentes, la pluralité de capteurs (32 à 34) étant
montés sur une partie de bras distale (162) d’une
plaque de base (160), et comprenant en outre un
ressort (134) qui sollicite la partie de bras distale
(162) de la plaque de base (160) vers l’ensemble de
coupe associé (10).

11. Appareil selon l’une quelconque des revendications
précédentes, le moyen (39, 139) pour fixer chacun
de la pluralité de boîtiers d’instrument (50, 150) à
l’ensemble de coupe associé (10) comprenant un
support de montage (39, 139) attaché de manière
fixe au tunnelier (90), et le boîtier d’instrument (50,
150) comprenant une partie amovible qui comprend
la pluralité de capteurs (32 à 34) et la carte de com-
mande de capteur (31).

12. Appareil selon la revendication 11, la partie amovible
comprenant une plaque de base (160) ayant une
partie de bras distale (162) qui supporte la pluralité
de capteurs (32 à 34), et comprenant en outre un
élément de ressort (134) qui sollicite la partie de bras
distale (162) de la plaque de base, en contact avec
l’ensemble de coupe associé (10).

13. Procédé pour faire fonctionner un tunnelier (90)
ayant une pluralité d’ensembles de coupe (10), cha-
que ensemble de coupe (10) comprenant une partie
rotative, chacun des ensembles de coupe (10) com-
prenant un anneau de coupe (15) disposé sur un
moyeu (12) qui est monté pour tourner autour d’un
arbre (13), et un dispositif de retenue (14), le procédé
comprenant les étapes consistant à :

fournir une pluralité de boîtiers d’instrument (50,
150), chaque boîtier d’instrument (50, 150) étant
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associé à l’un de la pluralité d’ensembles de
coupe (10), et comprenant une pluralité de cap-
teurs (32 à 34) qui surveillent l’ensemble de cou-
pe associé (10), une carte de commande de
capteur (31) qui reçoit des données provenant
de la pluralité de capteurs (32 à 34), et une ali-
mentation électrique, le boîtier d’instrument (50,
150) comprenant une extrémité distale qui con-
tient la pluralité de capteurs (32 à 34) et étant
en contact direct avec, et poussé ou maintenu
par compression contre, le dispositif de retenue
(14) de l’ensemble de coupe associé (10) ;
transmettre sans fil les données dérivées de la
pluralité de capteurs (32 à 34) à un récepteur
distant ;
utiliser les données transmises au récepteur dis-
tant pour commander le fonctionnement du tun-
nelier (90).

14. Procédé selon la revendication 13, la pluralité de
capteurs (32 à 34) comprenant un accéléromètre
(32), un capteur de température (34) et un capteur
(33) pour mesurer la vitesse de rotation de la partie
rotative de l’ensemble de coupe associé (10).

15. Procédé selon la revendication 14, l’accéléromètre
(32) comprenant un accéléromètre à axes multiples.

16. Procédé selon l’une quelconque des revendications
13 à 15, la pluralité de boîtiers d’instrument (50, 150)
comprenant au moins un, de préférence deux boî-
tiers d’instrument (50, 150) pour chacun de la plura-
lité d’ensembles de coupe (10), les boîtiers d’instru-
ment (50, 150) étant de préférence placés sur les
deux extrémités d’un arbre (13) de l’ensemble de
coupe (10).

17. Procédé selon l’une quelconque des revendications
13 à 16, la pluralité de boîtiers d’instrument (50, 150)
étant interconnectés sans fil dans un protocole de
réseau maillé.

18. Procédé selon l’une quelconque des revendications
13 à 17, comprenant en outre la sollicitation élastique
d’une partie de bras distal (162) du boîtier d’instru-
ment (50, 150) vers l’ensemble de coupe associé
(10) pour maintenir le boîtier d’instrument (50, 150)
en contact avec l’ensemble de coupe associé (10).

19. Tunnelier (90) comprenant :

une tête de coupe rotative (93) qui supporte de
manière rotative une pluralité d’ensembles de
coupe (10), chaque ensemble de coupe (10)
comprenant un arbre (13) supportant en rotation
un anneau de coupe (15) ; et
un appareil pour surveiller le tunnelier (90) pen-
dant le fonctionnement selon l’une quelconque

des revendications 1 à 12.
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