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Met hod and device for the automated arrangenent of
tunnel 1ining segnents

The invention relates to a device and a nmethod for the
automated installation of at |east one tunnel 1ining
segnent of a tunnel lining ring for lining a tunnel
section driven by a tunneling machi ne, which device can
be coupled to the tunneling nachine, and a nethod for the
automated installation of at |east one tunnel 1ining
segnent of a tunnel lining ring.

When driving a tunnel using a tunneling machine, rings
conposed of steel -rei nforced concrete segnent s
(tubbings) are used, inter alia, as |lining of the tunnel.
They are placed for exanple under a shield of the
tunnel i ng machine or directly on the tunnel wall by means
of an erector. For this purpose, the erector provides a
mani pul ator, for exanple, which can be noved axially,
radially and tangentially relative to the base of the
erector.

Such mani pul ators are known from robotics, for exanple.
In this case, they constitute for exanple the novable
part of the robot and enable a physical interaction with
t he surroundings or with objects in the surroundings. In
this case, the mani pulator carries out work or tasks by
way of special tools, for exanple. The tools are
furthernore positioned in space by way of actuators.
Furthernore, in this case, neasurenents are carried out
which either enable the positioning or the processing
and/ or gat her data for eval uation purposes. In this case,
t he mani pul at or has supporting conponents, for exanple,
whi ch are connected to one anot her novably by way of the
actuators.

For placing the at |east one tunnel |ining segnent, here
a picking-up tool is arranged on the mani pulator. This
can involve gripping tools and/or suction tools, for
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exanpl e. The tool and respectively the mani pul ator itself
are noved by way of actuators. In this case, the gripping
tools grip for exanple a pin secured to the tunnel 1ining
segnent. The suction tools in turn suck up the tunnel
lining segnment directly, for exanple.

The tunnel lining segnents are fed to a picking-up
| ocation in a defined order by way of a feeding unit
(segnment feeder). At the picking-up |ocation, the tunne
lining segnment is picked up by the tool of the
mani pul ator, raised and noved to the respective placing
| ocati on. Act uat ors t hat enabl e correspondi ng
rotational, linear and/or tilting novenents of the tool
are provided for this purpose.

The novenents of the manipulator and its tool have
hitherto been controlled by an erector driver. In this
case, the individual actuators of the erector or of the
mani pul ator are actuated, ©preferably wunder renote
control, by way of corresponding control elements. This
is a dangerous activity since the erector driver has to
be situated in the region of the erector in order to be
able to place the tunnel lining segnents within visual
range. Furthernore, the erector/mani pul ator, on account
of its many degrees of freedom and different actuators
and the necessary precision in the placing of the tunne

lining segnents, is noved with restricted speed of
nmovenent in order accordingly to be able to carry out the
sequence of picking up, novenent and placing safely in
respect of their conplexity, optionally with assistance
of further persons on site.

The erector is a type of special crane, the tool of which
can be noved for exanple hydraulically by way of axes in
radial, tangential and axial directions with respect to
the nmachine axis of the tunneling machine. In a manner
governed by the design, the radial axis itself my be
enbodi ed for exanple as a telescopic unit or by way of a
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parallel articulation. For picking up the tunnel 1ining
segnents, the tool, also called erector head, is attached
to the manipulator. The erector head has a picking-up
mechanism in order to be able to raise and nove the
respective tunnel lining segnent. For fine alignnent, the
| ocation of the erector head can nove about rotational
axes that are driven hydraulically, for exanple, in the
formof roll, pitch and yaw. In general, the actuators
nove the tool relative to the nmachine axis of the
tunneling machine. In this case, the tool is noved for
exanple axially along the machine axis, radially
proceedi ng from the nmachine axis and rotationally about
the machine axis (roll). Further rotational novenments can
for exanple also be effected about axes radially with
respect to the machi ne axis of the tunneling nachine (yaw
and pitch).

A tunnel lining ring consists of a plurality of tunne
lining segnents. The nunber of segnments is variable
depending on the ring construction. The tangenti al
position of the individual segnents in the ring is
predefi ned depending on the construction of the tunne
lining. Depending on the design, a ring can consist of
strai ght segnments, in which the longitudinal joints are
perpendi cular to the ring joints, or of a conbination for

exanple of trapezoidal, sem -trapezoi dal , strai ght
tunnel lining segnments and/or other shapes. By virtue of
mnimally different axial |length dinensions of the

segnents, tunnel curves are realized by tw sted |aying
with respect to one anot her.

Openings for nmounting aids, so-called dowels, may be
provi ded on the segnents on their contact areas on the
| ongi tudinal joints and/or on the ring joints. The dowel s
are correspondingly inserted into the openings provided
therefor into the tunnel |ining segnent. Once t he segnent
has arrived at the corresponding placing position, the
nmounting aids are inserted into the openings provided



10

15

20

25

30

35

4

therefor in the already placed segnments. For this
pur pose, the erector driver perforns a fine adjustnent
of the tool alignnent in order to correspondingly insert
the nmounting aids. After that the segnment is then
correspondi ngly pl aced.

After the boring of a stroke of the tunneling machine
(for exanmple 1.2 m, the lining is begun. For this
purpose, the erector picks up the first tunnel Ilining
segnent from the segnent feeder. At the sane tine, the
advancing presses of the tunneling nmachine that are
situated in the region of the target placing of the tunnel
lining segnent are withdrawn in order that the region of
the tunnel lining segnment to be placed is enabled to be
lined. After the tunnel lining segnent has been pl aced,
the advancing presses are extended again in order to
press the tunnel lining segnment against the previous
lining ringinto a final position. In this case, the edge
seals of the tunnel lining segnents are also pressed
together to the necessary extent. Afterward, the tool of
the erector is released and returned to the picking-up
position in order to pick up the next tunnel 1ining
segnent. At the sane tine, the correspondi ng advanci ng
presses are withdrawn and the sequence is repeated until
the conmplete ring has been placed. Wen the keystone is
i ntroduced into the tunnel lining segnent ring, the seals
in the longitudinal joints are al so conpressed, the ring
is closed and the tunnel lining segnments are brought to
their final position, position optionally resulting from
final pressing of the tunnel lining segnents by the
advanci ng presses. After the |lining has been conpl eted,
at a later time a ring space between tunnel wall and
finished lining ring is then grouted with nortar, for
exanpl e.

Since, as already set out, this is a strenuous activity
which is not w thout danger and which at the sanme tine
must also be carried out at reduced speed owing to the
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conplexity of the novenment possibilities, for sone tine
t here have al ready been endeavors to automate t he process
of placing the tunnel lining segnents to create the
tunnel lining ring. For this purpose, a nunber of
approaches are already known from the prior art; see
inter alia, FR 2,745,327, CN104747213, JPHO8-296400,
W02018065726.

Since the tunnel |lining segnments are subject to
manuf acturing tol erances and even the driven tunnel wal
agai nst which the tunnel lining segnents are placed is
subject to dinensional tolerances, it is necessary to
sense the exact location of the tunnel |ining segnents
t hat have actually al ready been pl aced or of the conplete
tunnel lining rings in the driven space. Furthernore, it
i s necessary to adapt and align the target placing of the
respective tunnel lining segnent with reference to the
segnents t hat have actual |y al ready been arranged, during
t he placing process. For this purpose, it is known from
the prior art to use CCD caneras, contact sensors, |aser
profiloneters, radar and ultrasound, for exanple. These
are in some instances very inaccurate owing to
environnmental conditions during driving wusing the
tunneling machine, such as noisture, dust, dirt,
installation parts in the surroundi ngs, etc.

It is therefore an object of the invention to inplenent
an inmprovenent of the sensing for the autonated
installation of the tunnel |ining segnments.

Wth regard to the device according to the invention, the
object is achieved by means of the conbination of
features in patent claiml. Further advant ageous
enbodi mrents are defined by the dependent clains.
Furthernore, wth regard to the nethod, the object
according to the invention is achieved by neans of the
conbination of features in patent claim210. Further
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advant ageous enbodi nents are defined by the dependent
cl ai ns.

The device according to the invention for the autonated
installation of at |east one tunnel |ining segnment of a
tunnel lining ring for Iining a tunnel section driven by
a tunneling machi ne, which device can be coupled to the
tunneling machine, has non-exhaustively the follow ng
features:

. a mani pulator with at | east one tool for picking
up, holding and placing the at |east one tunnel
lining segnent, and with at |east one actuator
for nmoving the at |east one tool, wherein the at
| east one tool can be noved by neans of the at
| east one actuator in a radial, tangential and/or
axial direction with respect to the machi ne axis
of the tunneling machine in the space of the
tunnel section created by the tunneling nmachine,

. at least one tool position sensor, which is
provided on the nmanipulator and/or tool, for
sensing the respective actual position and act ual
| ocation of the tool in the space of the tunnel
secti on,

. at | east one tunnel |ining segnment sensor, which
is provided on the mani pul ator and/or tool, with
whi ch an actual position and/or actual |ocation
of at |east one section of at |east one already

arranged tunnel |ining segnment can be sensed
and/or with which an actual position and/or
actual location of the tunnel lining segnent
respectively to be placed can be sensed,

. at | east one controller, which  accesses
installation data of the tunnel |ining segnments

and which accesses the neasurenent data of the
at least one tool position sensor and the at
| east one tunnel lining segnent sensor, and with
whi ch the at | east one actuator and the at | east
one tool can be controlled on the basis of the
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installation data and neasurenent data in order
to nove the tool fromthe picking-up position to
the target placing position of the respective

tunnel lining segnent, to alignit in the actual
pl aci ng position and to arrange the tunnel |ining
segnent against at I|east one already placed
tunnel lining segnent of a tunnel lining ring,
wherein at least two tunnel |ining segnent sensors are
provi ded, and
wherein the tunnel lining segnent sensor is a tine-of-

flight canera.

Time-of -flight cameras are 3D canmera systens that nmeasure
di stances by nmeans of the tinme-of-flight nethod. For this
purpose, the scene is illumnated by neans of a |ight
pul se, and for each pixel the canera neasures the tine
needed for the light to travel to the object and back
again. The required tinme is directly proportional to the
di stance. The canera thus yields for each pixel the
distance of the object imged thereon. \Wat s
advantageous in this case is that an entire scene is
recorded all at once and does not have to be scanned.

Contrary to all expectations with regard to so-called
time-of -flight canmeras, which according to the know edge
of a person skilled in the art are suitable in particul ar
for use over large distances, it has been found that
accurate determ nations of the |locations of the already
pl aced segnments or lining rings are possible using these
sensors in a particularly sinple manner. Furthernore,

| ocation and di stance or alignnment of the tunnel lining
segnents to be placed in relation to the already placed
tunnel lining segnents can be determned particularly

accurately; in particular, the joint distances are sensed
inthis case. As aresult, it becones possible in a sinple
manner for the <controller to perform corresponding
corrections and to place the segnments correspondingly
accurately. Moreover, it is possible here to effect
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profiloneters or other sensors.

In this case, it is advantageous that the at |east one
tool is a picking-up elenent. As a result, the respective
segnent can be gripped and noved in a sinple manner.

Furthernore, it is advantageous that the at |east one
tool position sensor is a displacenent neasuring
cylinder, rotary encoder, |ocation sensor, inclinoneter
and/or displacenment transducer. It is furthernore
advant ageous that the data are a | ayi ng pl an of the tunnel
lining segnments to be placed, a delivery plan of the
tunnel lining segnents to be placed, a position of a
pi cking-up location for picking up the tunnel [|ining
segnent respectively to be placed, a target placing
position of the tunnel |ining segnent respectively to be
pl aced, and/or information about the type and physica
properties, such as for exanple the weight and
di rensions, of the respective tunnel lining segnment to
be placed. As a result, it is possible in a sinple manner
for the controller to acquire all relevant data for
ascertaining the necessary activations of the actuators
in order to nove the tunnel lining segnent from the
pi cki ng-up point to the actual placing.

A further teaching provides that a human-nmachine
interface is connected to the controller. As a result,
the automatic nethod can be extended by nanual contro

instructions in a sinple manner.

A further teaching provides that at | east one additiona
tunnel lining segnent sensor is provided, preferably as
atime-of-flight canmera or 2D canera. It is advantageous
in this case that the additional tunnel 1ining segnment
sensor is provided in the region of the tunnel 1ining
segnent sensors or in the region of the tool. The signals
t hus sensed are then preferably eval uated for exanple by
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the controll er by neans of i nmage processing. Furthernore,
it is advantageous to superpose and/or to conbine the
data of the two tunnel |ining segnent sensors with the
data of the further tunnel lining segnent sensor. As a
result, when noving to the target position, for exanple,
it is possible to recognize obstacles in a sinple manner.
Furthernore, it is thereby possible to support the edge
sensing of the tunnel |ining segnents and gap neasur enment
bet ween the tunnel |ining segnments and between t he tunnel
lining segnments and the wall of the tunnel bore, for
exanple by virtue of the fact that safety redundancy or
faster processing can be achi eved.

Furthernore, in a sinple manner, it is also possible to
achi eve a neasurenent of the “shield tail clearance”, the
di stance between the outer side of the tunnel 1ining
segnents and the wall of the tunnel bore, through
traveling along the region.

A further teaching of the invention provides that the
controller is connected to a controller of the tunneling
machine. In this case, it is advantageous that functions
of the tunneling machine can be activated by the
controller of the device via the controller of the
tunneling nmachine. As a result, in a sinple manner,
el enents of the tunneling nachine which have to be
actuated for the automated installation of the tunnel
lining segnents can be activated by a controller in an
aut omat ed manner .

A further teaching of the invention provides that
advancing presses of the tunneling machine can be
activated extendably and retractably by the controller,
so that they can be pressed agai nst placed tunnel |ining
segnents. Holding of the tunnel lining segnents after
pl aci ng can thus be realized by way of the controller in
a sinple and safe manner.
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A further teaching of the invention provides that a
feeding unit (segnent feeder) for feeding the tunnel
lining segnment to a picking-up |ocation for being picked
up by the tool can be activated by the controller, so

that the tunnel lining segnent can be made ready by way
of the controller. As a result, in a sinple manner, it
is possible to achieve the feeding of the tunnel |ining

segnent s dependi ng on the placing thereof.

A further teaching of the invention provides that a
sensor of the tinme-of-flight camera records a 2D i mage.

The method according to the invention for the autonated

installation of at |east one tunnel |ining segnent of a
tunnel lining ring for Iining a tunnel section driven by
a tunneling machine with a device, in particular as

descri bed above, on which a manipulator fitted with at
| east one tool for picking up, holding and placing the
at | east one tunnel lining segnent is provided, and which
is provided in a tunneling machi ne, has non-exhaustively
the foll ow ng features:

e wherein the at |east one tool is noved by at
| east one actuator in a radial, tangential and/or
axial direction with respect to the machi ne axis
of the tunneling machine in the space of the
tunnel section created by the tunneling nmachine,

e wherein an actual position and actual |ocation
of the tool in the space of the tunnel section
is sensed by at |east one tool position sensor,
whi ch i s provi ded on the mani pul ator and/ or tool,

e wherein an actual position and/ or actual |ocation
of at |east one section of at |east one already
arranged tunnel lining segnent is sensed by at
| east one tunnel lining segnent sensor, which is
provi ded on the nanipul ator and/or tool, and/or
wherei n an actual position and/ or actual |ocation
of the tunnel |ining segnent respectively to be
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placed is sensed by the at |east one tunnel
lining segnment sensor,

e wherein at |east one controller, which accesses
installation data of the tunnel lining segnments
and t he neasurenent data of the at | east one too
position sensor and the at |east one tunnel
lining segment sensor, is provided,

e wherein the at | east one controller controls the
at | east one actuator and the at |east one too
on the basis of the installation data and
measurenent data, so that the tool wth the
t unnel lining segnent is noved from its
respective picking-up positionto its respective
target placing position and, on the basis of the

measurenent data of the tunnel |ining segnent
sensor, the tunnel lining segnent is aligned in
t he actual placing position and arranged agai nst
at | east one already pl aced tunnel |ining segnent
of a tunnel lining ring,

wherein at least two tunnel |ining segnent sensors are

provi ded, and

wherein the tunnel lining segnent sensor is a tine-of-

flight canera.
A further teaching provides that the at |east one too
is a picking-up elenment. As a result, the respective

segnent can be gripped and noved in a sinple manner.

It is advantageous in this case that the at |east one

tool position sensor is a displacenent neasuring
cylinder, rotary encoder, |ocation sensor, inclinoneter
and/or displacenment transducer. It is furthernore

advant ageous t hat the data are a | ayi ng pl an of the tunnel
lining segnments to be placed, a delivery plan of the
tunnel lining segnents to be placed, a position of a
pi cking-up location for picking up the tunnel [|ining
segnent respectively to be placed, a target placing
position of the tunnel |ining segnent respectively to be
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pl aced, and/or information about the type and physica
properties, such as for exanple the weight and
di mensi ons, of the respective tunnel lining segnment to
be placed. As a result, it is possible in a sinple manner
for the controller to acquire all relevant data for
ascertaining the necessary activations of the actuators
in order to nove the tunnel lining segnent from the
pi cki ng-up point to the actual placing.

It is furthernore advantageous that a human-nmachi ne
interface is connected to the controller. As a result,
the automatic nethod can be extended by nanual contro
instructions in a sinple manner.

It is furthernore advantageous that at |[|east one
additional tunnel Ilining segnent sensor is provided,
preferably as a tinme-of-flight camera or 2D canera. The
signals thus sensed are then preferably evaluated for
exanple by the controller by neans of image processing.
It is advantageous in this case that the additional
tunnel |ining segnent sensor is provided in the region
of the tunnel lining segment sensors or in the region of
the tool. The signals thus sensed are then preferably
eval uated for exanple by the controller by neans of inmge
processing. Furthernore, it is advantageous to superpose
and/or to conbine the data of the two tunnel 1ining
segnent sensors with the data of the further tunnel
lining segnent sensor. As a result, when noving to the
target position, for exanple, it is possible to recognize
obstacles in a sinple manner. Furthernore, it is thereby

possi bl e to support the edge sensing of the tunnel 1ining
segnents and gap neasurenent between the tunnel 1ining
segnents and between the tunnel 1ining segnents and the

wal | of the tunnel bore, for exanple by virtue of the
fact that safety redundancy or faster processing can be
achi eved.
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A further teaching of the invention provides that a
sensor of the tinme-of-flight camera records a 2D i mage.

A further teaching of the invention provides that the
controller is connected to a controller of the tunneling
machine. In this case, it is advantageous that the
controller of the device activates functions of the
tunneling machine via the controller of the tunneling
machine. As aresult, in a sinple manner, elenents of the
tunneling machine which have to be actuated for the
automated installation of the tunnel |ining segnents can
be activated by a controller in an automated manner.

A further teaching of the invention provides that a
feeding unit (segnent feeder) for feeding the tunnel
lining segnment to a picking-up |ocation for being picked
up by the tool is controlled by the controller, so that

the tunnel lining segnment is nade ready by way of the
controller. As a result, in a sinple manner, it 1is
possible to achieve the feeding of the tunnel Ilining

segnent s dependi ng on the placing thereof.

A further teaching of the invention provides that
advancing presses of the tunneling machine can be
activated extendably and retractably by the controller,
so that they can be pressed agai nst placed tunnel |ining
segnents. Holding of the tunnel lining segnments after
pl aci ng can thus be realized by way of the controller in
a sinple and safe manner.

A further teaching of the invention provides that, once
the last tunnel |ining segnent (keystone) of the tunnel
lining segnent ring has been fitted, the manipul ator
nmeasures with at least two tine-of-flight cameras a

di stance between the tunnel |ining segnents of the tunnel
lining segnment ring and a borehole wall of the tunnel
section, preferably in that the tunnel 1ining segnent

ring is at least partially travelled along. As a result,
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in a sinple manner, it is also possible to achieve a
nmeasurenent of the “shield tail clearance”, the distance
bet ween the outer side of the tunnel |ining segnents and

the wall of the tunnel bore, through traveling along the
region. Furthernore, nonitoring of the shield tai
cl earance by neans of further measuring instrunents, for
exanpl e by nmeans of ultrasonic sensors, can optionally
be om tted.

A further teaching of the invention provides that, after

the placing of the tunnel lining segnment at the target
position, the tool of the manipul ator renmains connected
to the placed tunnel |ining segnment and, when the tunne

lining segnent is being pressed by at |east one of the
advancing presses of the tunneling machine, is noved
along with it, and in that during this the novenent of
the tool is sensed. As a result, the final position of
the tunnel lining segnment can be sensed in a sinple
manner .

The invention is explained in greater detail below on the
basis of a preferred exenplary enbodi nent in association

with a drawi ng, in which

figure 1 shows a three-dinensional view of an erector

with a tunnel 1ining segnent having been picked up,
figure 2 shows a schematic illustration of the placing
of a tunnel |ining segnent,

figure 3 shows a schematic view of placing according to
the invention of a tunnel lining segnment in association
with the device according to the invention using the
met hod according to the invention,

figures 4a to 4e show a schematic view of the fine
adjustnment steps prior to placing the tunnel 1ining
segnent at the target position, and
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figures 5a, 5b show a schematic illustration of
pi cking up a tunnel |ining segnment.

Figure 1 shows an erector 10 as a device according to the
invention having a nmain support 11, on which connecting
el enents 12 for connection to a tunneling nachine (not
illustrated) are arranged. The connecting elenent 12 is
illustrated here in flange-Iike fashion.

A mani pulator 20 is arranged on the main support 11; at
| east one travel support 13 having sliding guides 14 on
both sides here, for exanple, is provided on said
mani pul ator. There are arranged novably in the sliding
gui des 14 for exanple guide elenents 15 |ikew se as part
of the mani pul ator 20. The guide elenments 15, on which
there is arranged for exanple the rotary frane 16
i kewi se as part of the manipul ator 20, can be displ aced
inarrowdirection A by way of cylinders 19 as actuators.

There is arranged on the guide elenents 15 for exanple a
rotary frame 16 as part of the mani pulator 20. The rotary
franme 16 has a rotational drive 17 as an actuator. There
is arranged rotatably on the rotary frame 16 for exanple
arotary ring 18 as part of the mani pul ator 20. The rotary
ring 18 can carry out a rotational novenent by way of the
rotational drive 17 as actuator on the rotary frane 16.
The rotary ring 18 can be noved in arrow direction B.

There is arranged on the rotary ring 18 a mani pul ator arm
21 as part of the mani pulator 20. Said mani pulator arm
can correspondingly be rotated with the rotary ring 18.
The manipulator arm 21 can be pivoted for exanple
relative to the rotary frame 16. This is effected for
exanpl e by way of at |east one cylinder 22 as actuator.
An erector head 23 as tool is provided on the nmani pul at or
arm itself. Said erector head serves for picking up a
tunnel lining segnent 110. The erector head 23 is noved
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radially in the arrow direction C here for exanple as a
result of the actuation of the cylinder 22 as actuator.

For fine adjustnment of the position of the tunnel |ining
segnents 110, as is illustrated in figures 4a to 4e, the
erector head 23 has a possibility of rotation in the
arrow direction D for exanple by way of the cylinder 24
as actuator. Furthernore, the -erector head 23 has
nmovenent el enments 25 as actuators, for exanple, by neans
of which the tunnel lining segnent 110 can be tilted in
the arrow direction E or pivoted in the arrow
direction F.

The tunnel lining segment 110 is picked up at a picking-
up position 200 (see figure 2) analogously to the

arrangenent of the erector head 23 illustrated in
figure 1. The tunnel lining segnent 110 is transported
to the picking-up position 200 for exanple by a so-called
segnent feeder (not illustrated). By neans of an

activation of the cylinders 19, 22, 24 and also the
novenment elenments 25 and the rotational drive 17 by a
controller (not illustrated), the tunnel |ining segnent
110 can be arranged in the tunnel section driven by the
tunneling nmachine by neans of novenment in the arrow
directions Ato F.

The controll er causes the tunnel lining segnent 110 that
is to be placed to be noved into the region of the target
placing. This is illustrated in figure 2, for exanple.
In this case, the erector head 23 with the tunnel |ining
segnent 110 situated thereon was noved into a
corresponding position by the controller via the
actuators 17, 19, 22, 24, 25. Figure 2 illustrates a
conpleted lining ring 100 consisting of individua
al ready placed tunnel lining segnments 110. Arranged
spatially in front thereof is a further tunnel 1ining

ring 100', which has not yet been completed. Figure 2
illustrates the tunnel lining segnent 110 to be placed
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with a longitudinal joint distance 140 at its short sides
and a ring joint distance 150 at its long side. Dowels
120 are provided as a nounting aid, which dowels can be
inserted into openings 130 (see figures 1, 4e).

In order now to achieve an arrangenent of the actual
pl aci ng of the tunnel lining segnment 110 in conjunction
with the already placed tunnel lining segnents 110, the
corner regions 160 (see figure 3) of the tunnel 1ining
segnent 110 to be laid are each scanned by neans of a
time-of -flight canmera (not illustrated) as tunnel |ining
segnent sensors (not illustrated) and optionally for
exanple by a CCD canera as 2D sensor as further tunnel
lining sensor (not illustrated). The scanni ng regi ons 300
are illustrated in figure 3. It is thereby possible to
sense the | ongitudinal joint distances 140 and ring joint
di stances 150 and also a possible inclination error of
the tunnel lining segnment 110 to be laid with respect to
the already arranged tunnel |ining segnents 110. On the
basis of these acquired data, the controller can then
correspondingly activate the actuators in order firstly
to insert the dowels 120 into the openings 130 provided

therefor and at the sanme tinme to place the tunnel lining
segnent 110 to be laid at its real actual position.
Optionally, the data of the tunnel |ining segnent sensors

are conbined, amalganmated or superposed in order to
enabl e better recognition.

Heading toward the target position is effected for
exanple by the individual novenents of the actuators
bei ng sensed by way of neasurenent sensors. As a result,
the controller can accurately determne the current
position of the tool or the erector head 23 in space. On
t he basi s of the other di nensions known and further guide
aids (not illustrated here) during picking up by neans
of the erector head 23, the position of the tunnel |ining
segnent 110 to be placed is thus known indirectly as
well. By this neans, the controller can nove the tunne
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lining segnent 110 into the region of a target placing
| ocation. Optionally, active obstacle recognition also
takes place in this case by way of the additional tunnel
lining segnent sensor, for exanple. It is only starting
fromthis point in time that it is then expedient to
nmonitor the corner regions 160 by nmeans of 3D sensing by
time-of -flight caneras by way of the scanni ng regi ons 300
being nonitored and the actual |longitudinal joint
di stances 140 and ring joint distances 150 and also
possi ble inclination errors being directly ascertai ned.
The shape of the scanning regions 300 is illustrated
nmerely by way of exanpl e here. For exanple, a rectangul ar
shape is al so possible. On the basis thereof, the tunnel
lining segment 110 is then placed at the real actual
position as placenent position. By way of advancing
presses (not illustrated), the tunnel lining segnent 110
is then pressedto the final positioninthe tunnel Iining
ring. In this case, the tool 23 preferably still remins
on the placed tunnel |ining segnent and is concomtantly
nmoved by t he advanci ng presses during the novenent of the
tunnel lining segnent into the final position. This
nmovenment s preferably sensed, such that the fina
position can be docunent ed.

The fine adjustnent of the actual position and actua

| ocation of the tunnel lining segnment 110 toward the
necessary target l|ocation and target position, in
particular relative to the actual position and actual
| ocation of the already fitted tunnel |ining segnents
110, is shown in figures 4a to 4e. For the fine

adj ustnment, the regions 160 are nonitored with regard to
t he correspondi ng conpensati on val ues. Here the positions
of the edges and surfaces with respect to one another are
in each case sensed and conpared in order to ascertain
the respectively necessary adjustnent novenents for the
fi ne adj ustnent.
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Figure 4a here shows the rotation of the tunnel |ining
segnent 110 in the arrow direction Din order to achieve
uniformring joint distances 150. The illustration shows
a smaller ring joint distance 151 in the left corner
region 160 in conparison with the larger ring joint
di stance 152 in the right corner region 160, which are
matched to the required ring joint distance 150 by
rotation of the tool 23 in the arrowdirection Din order
to achieve a parallelismof the edges of the tunnel |ining
segnents 110.

In figure 4b, the tool 23 is rotated in the arrow
direction F in order to bring the radial distances 170
to zero, which are illustrated here wth different
magni tudes as radi al distance 171, 172. It is only if the
radial distance 170 is optimally zero that the tunnel
lining segment 110 can be placed correctly.

Figure 4c shows an angle offset 180, which should
i kewi se be zero for correct placing. The angle offset
180 is set to zero by tilting the tool 23 in the arrow
direction E.

Furthernore, it is necessary for the edges of the tunne
lining segnents 110 to have t he sanme hei ght and for there
to be no height offset 190. For this purpose, the tool
23 is noved in the arrow direction B

Furthernore, analogously to figure 4e, it is necessary
to bring about an alignnent of the dowels 120 and the
dowel holes 130 if dowels 120 are used for placing. In
this case, the tunnel lining segnent sensors sense the
dowel s 120 and the holes 130 at the respective tunnel
lining segnents. The distance 210 nust then |ikew se be
zero in order that the tunnel lining segnents 110 can be
pl aced correctly. This is brought about by a rotation of
the tool 23 in the arrow direction B.



10

15

20

25

30

35

20

After the final placing of the | ast tunnel |ining segnment
110 of a tunnel lining ring 100, the di stance between the
tunnel lining ring 100 and the wall of the tunnel borehol e

can be neasured in order to determne the shield tail
cl earance. For this purpose, the manipulator 20 with the

tool 23 and the tunnel |ining segnent sensors situated
thereon travels along the gap (not illustrated) and
senses it. By way of exanpl e, damage on the tunnel 1ining

segnents 110 can be sensed in the process.

Furthernore, with the tunnel lining segnment sensors, the
finally placed tunnel lining ring 100 can be traveled
along in order to sense the final positions of the
i ndi vidual tunnel lining segnents 110 of the tunnel
lining ring 100. By way of exanple, the edges of the
tunnel lining segnents and the courses of the edges of
the tunnel lining segnents 110 with respect to one
anot her are sensed in this case. By way of exanpl e, damage
on the tunnel lining segnents 110 can be sensed in the
process.

The nonitoring, neasuring and placing of the tunnel
lining segnent 110 or the novenent thereof in space can
be assisted by 2D nonitoring for exanple by neans of
caneras (not illustrated) or by a sensor of the tinme-of-
flight canera and an evaluation of the data obtained in
this case, by neans of the 2D inage data obtained in this
case being conmbined with the 3D i rage dat a.

Figures 5a, 5b illustrate by way of exanple picking up
of a tunnel lining segnent 110 by the tool 23. A pin 220
is used here for the picking up, said pin being connected
to the tunnel lining segnent 110 centrally, for exanple.
For the picking up, the tool is noved in the arrow
direction Ain order then to be able to grip the pin 220
and thus to provide a connection between tool and tunnel
lining segnment 110 in order that the tunnel [lining
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segnent 110 can be noved fromthe picking-up position 200
to the target placing position.

In order to be able to sense the pin, a further tunne
lining segnent sensor 230 is preferably provided here,
which is arranged on the tool 23. Said further tunnel
lining segnent sensor has a sensing region 240 situated
infront of the tool in order to be able to recogni ze the
pin 230 optimally in good time. Once this has been done,
the location of the tool is aligned by the controller by
way of 17, 19, 22, 24, 25 such that the tool can
preferably travel in the arrow direction Ainto the pin
220.

The further tunnel lining segnent sensor 230 is
preferably a tine-of-flight camera. The latter can
preferably provide both 3D i mages and 2D i nages.
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Pat ent C ai ns

1. A device for the automated installation of at |east
one tunnel lining segnent of a tunnel lining ring for
lining a tunnel section driven by a tunneling machine,
whi ch device can be coupled to the tunneling machi ne,

. having a manipulator with at |east one tool for
pi cking up, holding and placing the at |east one
tunnel lining segnent, and with at | east one act uator
for nmoving the at |east one tool, wherein the at
| east one tool can be noved by neans of the at | east
one actuator in a radial, tangential and/or axial
direction with respect to the nmachine axis of the
tunneling machine in the space of the tunnel section
created by the tunneling nachi ne,

. having at |east one tool position sensor, which is
provi ded on the mani pul ator and/or tool, for sensing
the respective actual position and actual |ocation
of the tool in the space of the tunnel section,

. having at |east one tunnel |ining segnent sensor,
which is provided on the nanipulator and/or tool
wi th which an actual position and/or actual |ocation
of at least one section of at |east one already

arranged tunnel |ining segnent can be sensed, and/or
wi th which an actual position and/or actual |ocation
of the tunnel 1lining segnment respectively to be

pl aced can be sensed,

. having at |east one controller, which accesses
installation data of the tunnel |ining segnments and
whi ch accesses the neasurenent data of the at |east
one tool position sensor and the at |east one tunnel
lining segnent sensor, and with which the at | east
one actuator and the at |east one tool can be
controlled on the basis of the installation data and
nmeasurenent data in order to nove the tool fromthe
pi cki ng-up position to the target placing position
of the respective tunnel lining segnment, to align it
in the actual placing position and to arrange the
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tunnel |ining segnent against at |east one already
pl aced tunnel |ining segnent of a tunnel lining ring,
wherein at least two tunnel |ining segnent sensors are
provi ded, and
wherein the tunnel lining segnent sensor is a tine-of-

flight canera.

2. The device as clained in claim 1, characterized in
that the at | east one tool is a picking-up elenent.

3. The device as clainmed in claiml or 2, characterized
in that the at |east one tool position sensor is a
di spl acenent nmeasuri ng cyl i nder, rotary encoder,
| ocation sensor, i ncl i nonet er and/ or di spl acenent
t ransducer.

4. The device as clainmed in one of clains 1 to 3,
characterized in that the data are a laying plan of the
tunnel lining segnents to be placed, a delivery plan of
the tunnel lining segnments to be placed, a position of a
pi cking-up location for picking up the tunnel [|ining
segnent respectively to be placed, a target placing
position of the tunnel |ining segnent respectively to be
pl aced, and/or information about the type and physica
properties, such as for exanple the weight and

di rensions, of the respective tunnel lining segnment to
be pl aced.
5. The device as claimed in one of clains 1 to 4

characterized in that at |east one additional tunnel
lining segnment sensor is provided, preferably as a tine-
of -flight canera or 2D canera.

6. The device as clained in claim5, characterized in
that the additional tunnel 1lining segnment sensor is
provided in the region of the tunnel [|ining segnent

sensors or in the region of the tool.
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7. The device as clainmed in one of clains 1 to 6,
characterized in that advancing presses of the tunneling
machi ne can be activated extendably and retractably by
the controller, so that they can be pressed against

pl aced tunnel |ining segnents.

8. The device as clainmed in one of clains 1 to 7,
characterized in that a feeding unit (segnment feeder) for
feeding the tunnel lining segment to a picking-up
| ocation for being picked up by the tool can be activated
by the controller, so that the tunnel Iining segnment can

be made ready by way of the controller.

9. The device as clainmed in one of clains 1 to 8,
characterized in that a sensor of the tinme-of-flight
canera records a 2D i nage.

10. A nethod for the automated installation of at |east
one tunnel lining segnent of a tunnel lining ring for
lining a tunnel section driven by a tunneling machine
with a device, in particular as clainmed in one of clains 1
to 9, on which a manipulator fitted with at |east one
tool for picking up, holding and placing the at | east one
tunnel lining segnment is provided, and which is provided
in a tunneling machi ne,

e wherein the at |east one tool is noved by at |east
one actuator in a radial, tangential and/or axial
direction with respect to the machine axis of the
tunnel ing machine in the space of the tunnel section
created by the tunneling nachi ne,

. wherein an actual position and actual |ocation of
the tool in the space of the tunnel section is sensed
by at |east one tool position sensor, which is
provi ded on the mani pul at or and/or tool,

. wherein an actual position and/or actual |ocation
of at |east one section of at |east one already
arranged tunnel |ining segnent i s sensed by at | east

one tunnel |ining segnent sensor, which is provided
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on the mani pul ator and/or tool, and/or wherein an
actual position and/or actual |ocation of the tunne
lining segnment respectively to be placed is sensed

by the at |east one tunnel |ining segnent sensor,

. wherein at |east one controller, which accesses
installation data of the tunnel |ining segnents and
the nmeasurenment data of the at |east one too
position sensor and the at |east one tunnel |ining
segnent sensor, i s provided,

. wherein the at | east one controller controls the at

| east one actuator and the at | east one tool on the
basis of the installation data and neasurenent data,
so that the tool with the tunnel |ining segnent is
nmoved fromits respective picking-up positiontoits
respective target placing position and, on the basis

of the neasurenent data of the tunnel |ining segnent
sensor, the tunnel lining segnent is aligned in the
actual placing position and arranged against at
| east one already placed tunnel lining segment of a
tunnel lining ring,

wherein at least two tunnel |ining segnent sensors are

provi ded, and

wherein the tunnel lining segnent sensor is a tine-of-

flight canera.

11. The nmethod as clainmed in claim 10, characterized in
that the at | east one tool is a picking-up elenent.

12. The method as claimed in <claim 10 or 11,
characterized in that the at |east one tool position
sensor is a displacenent neasuring cylinder, rotary
encoder, | ocation sensor, i nclinoneter and/ or
di spl acenent transducer.

13. The nmethod as clained in one of clains 10 to 12,
characterized in that the data are a laying plan of the
tunnel lining segnents to be placed, a delivery plan of
the tunnel lining segnments to be placed, a position of a
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pi cking-up location for picking up the tunnel [|ining
segnent respectively to be placed, a target placing
position of the tunnel |ining segnent respectively to be

pl aced, and/or information about the type and physica
properties, such as for exanple the weight and
di mensi ons, of the respective tunnel lining segnment to
be pl aced.

14. The nmethod as clainmed in one of clainms 10 to 13,
characterized in that at |east one additional tunnel
lining segment sensor is provided, preferably as a tine-
of -flight canera or 2D canera.

15. The nmethod as clained in claim 14, characterized in
that the additional tunnel 1lining segnment sensor is
provided in the region of the tunnel [|ining segnent
sensors or in the region of the tool.

16. The nmethod as clainmed in one of clainms 10 to 15,
characterized in that a sensor of the tinme-of-flight

canera records a 2D i nage.

17. The nethod as clained in one of clains 14 to 16,

characterized in that the data of the two tunnel 1ining
segnent sensors are conbined with the data of the
addi tional tunnel Iining segnent sensor.

18. The nmethod as clained in one of clains 10 to 17,
characterized in that a feeding unit (segnment feeder) for

feeding the tunnel lining segment to a picking-up
| ocation for being picked up by the tool is controlled
by the controller, so that the tunnel lining segnment is

made ready by way of the controller.

19. The nmethod as clained in one of clains 10 to 18,
characterized in that advancing presses of the tunneling
machi ne are activated extendably and retractably by the
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controller, so that they are pressed against placed
tunnel |ining segnents.

20. The nethod as clainmed in one of clains 10 to 19,
characterized in that, once the last tunnel 1|ining
segnent (keystone) of the tunnel lining segment ring has
been fitted, the nmanipul ator nmeasures with at |[east two
time-of-flight caneras a distance between the tunnel

lining segnents of the tunnel |lining segnent ring and a
borehole wall of the tunnel section, preferably in that
the tunnel lining segnent ring is at l|east partially

travel | ed al ong.

21. The nethod as clainmed in one of clains 10 to 20,
characterized in that, after the placing of the tunnel
lining segnent at the target position, the tool of the
mani pul ator remai ns connected to the placed tunnel |ining
segnent and, when the tunnel lining segnent is being
pressed by at |east one of the advancing presses of the
tunneling machine, is noved along with it, and in that
during this the novenment of the tool is sensed.



