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Title
" Apparatus and method for production of holes for mounting of equipment elements on tunnel

walls"

Description
The present invention relates to an innovative apparatus suitable for the production of holes
for mounting equipment clements on the walls of a tunnel, in particular a tunnel for light
trains. A method is also described and claimed.
In the sector relating to the construction of railway lines in tunnels, for example underground
metropolitan lines, it is known that problems exist with regard to mounting the fixed
equipment required for these lines along the walls of the tunnel. The equipment may comprise
for example lighting systems, electric cables, walkways, pipes, etc.
In order to mount this equipment it is usually required to make a very large number of holes
in the walls in precise positions so as to be able to fix the structural elements of the equipment
by means of expansion plugs. In general, these holes are produced using portable impact
drills, this being a physically very demanding task for the personnel responsible for the
drilling operation, in particular when one considers that the walls of the tunnel are made of
high-quality reinforced concrete which is therefore extremely hard. The portable drills used
therefore usually have large dimensions and are very heavy and a considerable amount of
force is needed n order to handle them correctly. In particular, the holes are made at different
heights in the wall and also in the zone close to the arch of the tunnel, this making the drilling
operation even more difficult.
In addition, the handling of the equipment elements to be fixed is difficult for the personnel
carrying out the mounting operation.
For example, often the fixed equipment requires the mounting on the tumnel wall of special,
metal, vertical arches which are uniformly spaced every few meters or so along the length of
the tunnel and on which the equipment and the associated supports are then mounted, these
usually extending along the axis of the tunnel.
These elements, in addition to be being relatively heavy, generally have a length (even of a
few meters) which makes them to difficult to position vertically along the wall and fix them to
the previously drilled holes. Often several operators are required and they must work together
even only to lift one of the elements, rotate it vertically and fix it in position.
The mounting procedure therefore usually requires that, while one or more operators work

along the tunnel making the holes, other operators follow them and together remove manually
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from a transportation means the elements to be fixed and position and fix them in the holes
which have already been made.

It can be easily imagined how all of this means that the operations for preparing and mounting
the equipment inside the tunnel are costly, time-consuming and difficult.

The general object of the present invention is to provide an apparatus and a method which
allow the necessary holes to be produced with the desired precision, without excessive effort
on the part of the personnel involved.

A further object is to provide an apparatus and a method which allow in addition also the easy
positioning and mounting of the accessory elements which form at least part of the equipment
structure and which are to be fixed by means of the holes produced.

A further object is to allow all of this to be achieved using a smaller number of operators and
without excessive effort required on the part of said operators.

In view of this object, the idea which has occurred is to provide, according to the invention,
an apparatus for the production of holes in walls of a tunnel, comprising a carriage designed
to travel along rails inside the tunnel, a drilling arm mounted on the carriage and provided
with a drilling head, a camera associated with the drilling head for recording a drilling area of
the drilling head, a control console associated with the drilling arm and the drilling head and
equipped with manual controls for controlling the positioning in space of the drilling head and
operation of the drilling head, the console also being provided with a monitor connected to the
said camera for displaying the image of the drilling area recorded by the camera.

Still according to the invention the idea which has occurred is to provide a method for
production of holes in a tunnel by means of the apparatus, comprising the steps of positioning
the carriage along the tunnel so that the drilling arm is situated in a zone of the tunnel in
which holes must be made, controlling the position of the drilling arm by means of the
console and the image on the monitor so that the drilling head with the drilling bit is aligned
with a point to be drilled, advancing the drilling head towards the wall and drilling the hole, if
necessary drilling other holes in the same area by repositioning the drilling head so as to
produce a series of holes, moving the carriage to a following drilling zone in order to drill
other holes or series of holes. Between a drilling step in one zone and the next one it is also
possible to move the elements to be fixed and fix them to the holes produced. This may be
performed without moving the carriage or by moving the carriage stepwise between one
drilling zone and the next one, as will be clear below.

In order to illustrate more clearly the innovative principles of the present invention and its

advantages compared to the prior art, an example of embodiment applying these principles
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will be described below with the aid of the accompanying drawings. In the drawings:

- Figure 1 shows a schematic side elevation view of an embodiment of an apparatus
according to the invention;

- Figure 2 shows a schematic plan view of a tunnel section with the apparatus according to
Figure 1 in an operative position;

- Figure 3 shows a schematic view cross-sectioned along the line III-11I of Figure 2;

- Figures 4, 5 and 6 show schematic views, i.e. a side view, front view and top view, of an
embodiment of a drilling head of an apparatus according to the invention;

- Figures 7 and 8 shows schematic side views of two operating conditions of the head shown
in Figures 4, 5 and 6;

- Figure 9 shows a schematic view of a possible control console of the apparatus according to
the invention;

- Figure 10 shows a schematic view cross-sectioned along the line X-X of Figure 2;

- Figure 11 shows a schematic side elevation view of a device for handling mounting
accessories of an apparatus according to the invention;

- Figure 12 shows a schematic view of a mobile head of the device shown in Figure 11.

With reference to the figures, Figure 1 shows a possible embodiment of an apparatus, denoted
generally by 10, for mounting equipment in a tunnel, realized in accordance with the
invention.

The apparatus 10 comprises a railway carriage 11 which travels along rails 12 by means of an
associated drive unit or pulled by a suitable motor unit (known per se in the art and therefore
not shown). The carriage is advantageously of the type with a low bed on which the various
devices are mounted.

As can be clearly seen also in Figure 2, the carriage 11 comprises a mechanical drilling arm
13 which is provided with a drilling head 14 and which can be controlled by an operator by
means of a dedicated console connected to the control system 23 (known per se) of the arm 14
(for example of the electrohydraulic type).

The head 14 comprises, or may have mounted thereon, a suitable drilling bit which is suitably
motor-driven (for example rotatably and, where necessary, with an impact action) so as to be
able to form the desired holes in the material of the tunnel wall.

The console may be of the fixed type in a control station 15 (as indicated schematically by 21)
or may be advantageously portable so as to be gripped by the operator (as schematically
indicated by 22). In the case of a portable console, the operator, if it is considered to be

useful, may also leave or not use the control station 15 and control the arm 13 from another
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location, even only temporarily.

In the case of a portable console, the connection with the control system may be performed
advantageously by means of a wireless transmission system (for example by means of radio
waves).

The control station 15 may be advantageously arranged at one end of the carriage 11 and may
be realized with a platform 16 having handrails 17.

A second station 18, which may also be realized with a platform 19 having handrails 20, may
also be provided for the persomnel responsible for mounting the accessories, as will be
clarified below.

Both the platforms 16 and 19 may also be elevated and be used by the personnel responsible
for carrying out mounting, if necessary, as will be clarified below.

As can be seen in Figure 2, the platform or platforms 16, 19 may be advantageously movable
laterally, transversely with respect to the carriage, so as to be able to move towards the wall of
the tunnel (indicated generally by 27) from one side or the other, depending on the desired
working side, so as to facilitate the mounting operations.

Advantageously, the carriage 11 comprises an arca or a store 21 for storing the elements or
accessories 25 which are to be mounted, for example known arch elements to be fitted
vertically along the wall of the tunnel.

The storage area 24 is advantageously served by one (or preferably two) handling devices 26
which allow a single operator to raise, rotate and position an accessory to be fixed to the
tunnel wall, removing it from the storage area 24, as will be clarified below.

As can be clearly seen in Figure 2, there may be advantageously only one drilling arm
arranged in a central position on the surface of the carriage, namely equidistant from the side
edges of the carriage, so as to be able to reach both the right-hand wall and the left-hand wall
of the tunnel (if the tunnel has a single track).

The handling device 26 is instead advantageously arranged close to the side edge of the
carriage on the side where the tunnel wall to be worked on is situated. In this case, if it is
wished to be able to operate on both sides, there may be two devices 26, each one close to a
respective side edge of the carriage.

The arm 13 is motor-driven so as to be controlled by the console 21 or 22 so that the operator
may suitably position the drilling head at a desired point on the tunnel wall, in the position
along the tunnel which is at least approximately reached by means of the movement of the
carriage on the rails, as will be clarified below.

Figure 3 shows in greater detail a possible preferred form of the drilling arm 13. In this
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embodiment, the drilling arm 13 has a directable part 30 which supports at its free end the
head 14 and which is motor-driven so as to be movable in a vertical plane (as shown in
broken lines in Figure 3), rotating about a horizontal axis 31, so as to direct the head 14 at
various heights on the tunnel wall. The axis 31 is generally parallel to the carriage, namely to
its direction of movement along the tunnel.

The directable part 30 is advantageously telescopic (with a structure which is known per se
and may be easily imagined by the person skilled in the art) so as to move controllably the
head 14 towards the tunnel wall.

Preferably, the rotation axis 31 is arranged so as to be close to the axis of the tunnel (or in any
case to the centre of curvature of the tunnel wall which is to be worked on) so that, upon
movement thereof in the vertical plane (arranged transverse to the tunnel), the head 14 moves
close to the tunnel wall, following at least approximately its curvature.

Advantageously, the directable part 30 protrudes from a vertical upright 32, the base 33 of
which is mounted on the bed of the carriage 11. The base may be rotatable about a vertical
axis 34 so as to direct the directable arm towards the desired side of the tunnel. If necessary,
the base may also be displaceable at least laterally (namely transversely relative to the axis of
the tunnel) for example so as to position the rotation axis 31 close to or coinciding with the
centre of curvature of the tunnel wall which is to be worked on. A longitudinal movement
may also be envisaged for positioning the drilling head.

The movements both about the axis 31 and about the axis 33 as well as the telescopic
movement of the part 30 may be advantageously controllable by means of the console 21, 22
for positioning the drilling head on the wall to be drilled.

Figure 4 shows a schematic side view of a possible advantageous embodiment of the drilling
head 14.

In this embodiment the head 14 comprises a box-like frame 35 which is mounted on the end
of the arm 13 by means of a support bracket 36 (advantageously fork-shaped) so as to be able
to rotate about a horizontal axis 37. Inside the frame 35 there is a drill unit 38 with a motor-
driven mandrel 39 holding the drilling bit 40 which projects forwards from the frame. The bit
will be of a known type suitable for the wall to be drilled and may also comprise or be
associated with a known suction system (not shown) for sucking up the dust producing during
drilling.

The drill unit 38 is advantageously displaceable inside the frame in an axial direction relative
to the drilling bit 40 by means of suitable guides 45 (more clearly visible in Figure 5) and by

means of an actuator 42 which is controlled by the operator console, such that it can be moved
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from a first retracted rest position (as shown in Figure 2) into a more advanced operating or
drilling position (as shown for example in broken lines in Figure 6).

Advantageously, support tips 43 which are generally parallel to the drilling bit 40 protrude
forwards from the head 14. Preferably, the tips are four in number and arranged at the corners
of arectangle, with the drilling bit in the centre, as can be clearly seen in Figure 5.

As can be clearly seen in Figures 4 and 6, the support tips 43 have a length such that they
protrude beyond the end of the drilling bit 40 when the drill unit 38 is in its retracted or rest
position. When the drill unit is in its more advanced position, the drilling bit protrudes instead
beyond the support tips 43 by an amount suitable for the maximum depth of drilling required.
The head 14 also advantageously comprises a camera 44 which records the drilling zone and
shows this image on a monitor of the control console.

Advantageously, the head has a directional movement about the axis 37 so as to be able to
displaced between at least a first position, in which the drilling bit 40 is substantially parallel
to the arm 13, and a second position, directed downwards so that the drilling bit is located in a
vertical position directed downwards when the arm 13 is moved fully downwards in order to
be able to drill the floor of the tunnel (as for example shown in Figure 8).

Advantageously this directional movement of the head about the axis 37 is controlled by
means of displacement of the barycenter of the head relative to the axis 37.

This may be achieved by ensuring that, when the drill unit is in its retracted position, the
overall barycenter is on the side where the axis 37 is situated towards the rear of the head (on
the left in Figure 4), whereas, when the drill unit is in its advanced position, the overall
barycenter is on the side where the axis 37 is situated towards the front of the head (on the
right in Figure 4). With this movement the head is inclined, as shown for example in Figure
7, by an amount such that, by repositioning the drill unit in its retracted position, the
barycenter returns into the position behind the axis 37 and the head returns into the position
shown in Figure 4.

In this way, during use, by initially keeping the head with the drill unit retracted, the operator
may control the arm 13 so as to position the head until the drilling bit is aligned with the point
to be drilled on the side wall of the tunnel. After this the head is advanced, for example by
causing the arm to extend telescopically, so that the support tips 43 rest against the wall.
Owing to the play around the horizontal axis 37 (and optionally a suitable small amount of
play along a vertical axis, if desired), the supporting action of the four tips 43 against the wall
ensures suitable perpendicularity of the drilling bit on the wall at the drilling point. Moreover,

as a result of the supporting action, it is possible to prevent the displacement of the barycenter
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due to the advancing movement of the drill unit from causing the head to tip over downwards.
Once the support tips rest against the wall, the drill unit may be moved forwards by means of
the actuator 42 so to drill the hole to the desired depth. The suppott tips ensure also a suitable
stability of the head during drilling, preventing for example any sideways slipping.

Once drilling has been finished, the drill unit may be retracted and the head may be then
moved away from the wall.

If it is required to mount for example elements extending vertically, several holes are usually
required, these being aligned along the diameter of the tunnel. In this case, once the head has
been positioned for the first hole and the hole drilled, in order to achieve positioning for
drilling of the remaining holes in the wall for the same element to be fixed, it is sufficient to
rotate the arm 13 about the horizontal axis 31.

If instead it is required to make a hole in the floor of the tunnel close to the side wall, the
operator first causes the drill unit to advance so as to cause tipping of the head downwards
(Figure 7) and then moves the arm 13 downwards until the point to be drilled on the floor is
reached.

For example, a vertical element may require a fixing hole at the top end, a middle fixing hole
and a fixing hole on the ground.

After drilling the holes for an element to be fixed, the carriage may be displaced along the
tunnel by the amount needed to make the following series of holes in the wall for the next
clement to be fixed and so on. This movement may also be controlled by the operator who is
drilling the holes.

If it is necessary to make corresponding holes also in the opposite wall of the tunnel, the arm
may also be rotated through 180 degrees about the vertical axis so as to position it for
working on the other side of the carriage in order to drill the series of corresponding holes.

All the operations may be easily controlled via the control console.

Figure 9 shows an example of a console (advantageously the portable console 22, but the
console 21 may have a similar structure).

The console is provided with a monitor 50 where the operator sees the drilling zone recorded
by the camera 44, with the drill but 40 and, advantageously, a mark 51 provided beforehand
on the wall in order to indicate the point to be drilled. Joysticks 52 and 53 may be operated
with both hands (advantageously with the thumbs of the hands holding the portable console)
in order to control the movement along the two - vertical and horizontal - axes (joystick 52)
and advance and retract the head (joystick 53) for example by means of elongation of the

telescopic arm. Another control 54 may control instead retraction and advancing of the drill
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unit inside the frame of the head in order to perform drilling or to tip over the head. Further
controls, for easier illustration not shown, may be now easily imagined by the person skilled
in the art and may be provided on the console in order to perform other functions of the
apparatus 10, for example movement of the carriage, starting and stopping of the drill unit,
etc.

In order to facilitate alignment and prevent any errors due to the parallax of the camera, a
laser locating mark may also be used, said mark being projected onto the wall by means of
suitable laser projectors (not shown) arranged on the head, as is known per se to the person
skilled in the art, so as to indicate with precision on the wall the point aligned with the drilling
bit.

Figure 10 shows the zone of the carriage with the handling devices and an example of their
possible radius of action (greater than the distance from the wall of the tunnel) towards the
outside of the carriage. Figure 11 shows in greater detail one (or the sole) handling device.
Advantageously this device may be of the type known per se which helps an operator to move
heavy and/or bulky loads by following passively - but with systems for reducing the weight of
the load (for example counterweights, springs and/or hydraulic systems) - the movements
which the operator imparts, with minimum effort, to the front end of the device on which the
element to be moved is fixed.

The device 26 comprises an articulated arm 62, 63 which has at a free end thereof a handling
head 65 for an element 25.

Figure 12 shows an advantageous embodiment of the handling head 65, rotated through 90
degrees with respect to Figure 11.

Advantageously, the device 26 comprises a vertical upright 60 from which there projects the
articulated arm which may rotate freely with minimum friction about a vertical axis 61. The
articulated arm may comprises a parallelogram structure 62 and an end arm 63 which supports
the head 65. Owing to the parallelogram structure, the end arm 63 may be raised or lowered
by the operator, keeping it always horizontal and parallel with itself.

The end arm 63 is pivotably mounted on one side on the parallelogram structure so as to be
able to rotate about a second vertical axis 64 and supports at its free end the handling head 65
which may rotate on the arm 63 about a third vertical axis 66 and about a horizontal axis 65.
The handling head 65 comprises a gripper 68 which can be controlled so as to suitably grip an
element 25 to be positioned, and two handlebars 69 for gripping by the operator using both
hands in order to move and rotate the head.

The parallelogram structure may comprise a suitable balancing spring or piston 70 in order to
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reduce the force needed by the operator when raising the head also when there is the load
consisting of the element 25 to be positioned and held inside the gripper 68.

After the holes for an element have been provided, it is thus possible to grip with the gripper
68 an element in the store area 24, position it with minimum effort on the wall opposite the
fixing holes and suitably rotate it and fix it inside the holes, for example using expansion
plugs.

Once the element to be fixed has been positioned, the elevated platform (16 or 19) may assist
an operator to perform final fixing also at the top end of the element 25.

It is now clear that the drilling and fixing operations may be performed in sequence and with
a high frequency.

Moreover, advantageously, the length of the carriage and the relative position of the drilling
arm and the handling devices may be established so that, while the drilling arm performs a
series of holes for the next element to be mounted, the handling devices are in position such
as to allow the simultancous positioning and fixing of an element to be mounted in the series
of holes drilled beforehand.

The relative position of the arm 13 and the handling devices 26 may also be variable (for
example by providing the possibility of mounting the devices 26 in different positions along
the side edges of the carriage) so as to be able to adapt rapidly the distance along the axis of
the tunnel between the arm 13 and the handling devices 26 depending on the interval to be
maintained between the elements 24 along the length of the tunnel.

At this point it is clear how the predefined objects have been achieved, providing an apparatus
which allows a plurality of holes to be made rapidly and without effort in a tunnel wall and, if
required, also the easy positioning and fixing of elements which are engaged with these holes.
Moreover, the number of persons required to carry out the operations is reduced.

Obviously the description above of an embodiment applying the innovative principles of the
present invention is provided by way of example of these innovative principles and must
therefore not be regarded as limiting the scope of the rights claimed herein.

The carriage may have other devices and controls and may have, for example, an electric
power supply which is autonomous (for example of the battery type) or supplied externally,
for powering of the various devices and circuits. In the case where hydraulic or pneumatic
systems are used to move the various mechanisms of the apparatus, one or more suitable
hydraulic control units may also be provided (for example inside, or associated together with,
the control system 23), as may be now easily imagined by the person skilled in the art. The

drilling arm and/or any handling devices may also be designed differently from that shown, as
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may be now be easily imagined by the person skilled in the art based on the description

provided here.

10



WO 2017/115240 PCT/IB2016/057927

Claims
1. Apparatus for production of holes in the walls of a tunnel, comprising a carriage (11)
designed to travel along rails inside the tunnel, a mechanical drilling arm (13) mounted on the
carriage and provided with a drilling head (14), a camera (44) associated with the drilling
head for recording a drilling area of the drilling head, a control console (21, 22) associated
with the drilling arm and the drilling head and equipped with manual controls for controlling
the positioning in space of the drilling head (14) and operation of the drilling head (14), the
console (21, 22) also being provided with a monitor (50) connected to said camera (44) for
displaying the image of the drilling area recorded by the camera.
2. Apparatus according to claim 1, characterized in that it comprises a storage area (24) for
receiving elements to be fixed to the holes produced, and at least one handling device (26)
associated with the storage area (24) for allowing an operator to move an element from the
storage area to the tunnel wall.
3. Apparatus according to claim 1, characterized in that the carriage comprises stations (15,
18) with an elevated platform and, preferably, the elevated platform is mobile transversely
relative to the carriage.
4. Apparatus according to claim 1, characterized in that the drilling arm (13) has a horizontal
rotation axis (31) which is parallel to the carriage so as to move in a vertical plane transverse
to the carriage.
5. Apparatus according to claim 1, characterized in that the drilling arm (13) has a vertical
rotation axis (34).
6. Apparatus according to claim 1, characterized in that the drilling arm (13) has a telescopic
end part (30) that supports the drilling head.
7. Apparatus according to claim 1, characterized in that the drilling head (14) has a frame (35)
in which there is present a drill unit (38) with a drilling bit (40), the drill unit being
displaceable controllably in the frame (35) in a direction which is parallel to the drilling bit
(40) between a retracted position and an advanced position.
8. Apparatus according to claim 7, characterized in that the drilling head (14) includes support
tips (43) directed in the same manner as the drilling bit (40) and intended to rest against the
wall to be drilled, the support tips protruding from the drilling head (14) more than the
drilling bit when the drill unit is in the retracted position and less than the drilling bit when the
drill unit is in the advanced position.
9. Apparatus according to claim 7, characterized in that the drilling head (14) is connected to

the drilling arm (13) by means of a rotation axis (37) of the head which is horizontal and
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transverse to the head.

10. Apparatus according to claim 7, characterized in that, for movement of the head about the
rotation axis (37) of the head, this rotation axis of the head is positioned on the head so that
the barycenter of the head is behind this rotation axis (37) when the drill unit is in the
retracted position and is in front of this rotation axis (37) when the drill unit is in the advanced
position.

11. Apparatus according to claim 2, characterized in that the at least one handling device (26)
comprises an articulated arm (62,63) provided at a free end with a handling head (65)
provided with a gripper (68) intended to grasp an element (25) to be moved.

12. Apparatus according to claim 11, characterized in that the at least one handling device
(26) comprises a vertical upright (60) from which the articulated arm (62,63) protrudes, the
articulated arm being fixed to the upright so as to be rotatable on the upright about a first
vertical axis (61).

13. Apparatus according to claim 11, characterized in that the articulated arm comprises a first
part in the form an articulated parallelogram (62) which supports a second end part (63)
which ends in the handling head (65).

14. Apparatus according to claim 11, characterized in that the handling head is mounted on
the articulated arm so as to be manually rotatable about a vertical axis (66) and about a
horizontal axis (67).

15. A method for production of holes in a tunnel by means of the apparatus according to any
one of the preceding claims, comprising the steps of positioning the carriage (11) along the
tunnel so that the drilling arm (13) is situated opposite a zone of tunnel in which holes have to
be made; controlling the position of the drilling arm by means of the console and the image
on the monitor so that the drilling head (14) with the drilling bit is aligned with a point to be
drilled; advancing the drilling head (14) towards the wall and drilling the hole; if necessary
drilling other holes in the same area by repositioning the drilling head so as to provide a series
of holes; moving the carriage to a following drilling zone in order to drill another hole or
another series of holes; preferably between a hole or a series of holes in two successive zones,
moving elements present in a storage area on the carriage and securing them to the wall of the

tunnel by means of the holes produced.
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