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Description
FIELD OF THE INVENTION

[0001] The present invention concerns a drilling ma-
chine which can be used to prepare excavations to make
tunnels.

[0002] In particular, the machine according to the in-
vention can be used to make holes and drillings in tunnels
and to consolidate excavations, for example by injecting
filing and anchoring materials into the holes.

BACKGROUND OF THE INVENTION

[0003] Driling machines, generally of the horizontal
type, are known, used to prepare excavations in tunnels,
able to make holes in a substantially horizontal direction
in the walls to be excavated, and possibly inject filling
and anchoring materials in them to consolidate the walls.
[0004] Itis known thatin order to make excavations of
a tunnel it is necessary to first of all make a plurality of
holes positioned substantially along a circumference,
and possibly inject filling materials in them suitable to
consolidate the walls and the vault of the tunnel itself,
before proceeding with operations to remove the mate-
rial, such as rock, earth, and suchlike.

[0005] These drilling machines are generally provided
with a drilling unit comprising a mast, or guide beam, on
which arotating head is mounted, sliding in a longitudinal
direction, with which the drilling member is rotated to
make the holes.

[0006] Inknown drilling machines, the mastis connect-
ed to a fifth wheel positioning device, that is, a gear that
allows a rotation of about 180° around a horizontal axis
of rotation, and is made to rotate on each occasion so
as to make holes disposed radially with respect to the
drilling machine itself.

[0007] Thefifth wheelis pivoted at one end to the mast,
and at the opposite end to the frame of the drilling ma-
chine and its rotation around the axis of rotation selec-
tively makes the mast move along a circumference arc,
with its longitudinal axis disposed in a substantially hor-
izontal direction.

[0008] Drilling machines are also known which provide
the fifth wheel pivoted in correspondence with one of its
central points to the frame, and connected on one side
and the other to a respective mast, so as to simultane-
ously position two drilling members.

[0009] The fifth wheel positioning device, although it
allows to make holes disposed in a radial pattern, has
some disadvantages.

[0010] A first disadvantage is that the fifth wheel has
few degrees of freedom, and only allows to rotate the
mast and not to position it in a lateral direction. In order
to correctly align the mast with the excavation front, it is
therefore necessary to correctly position the drilling ma-
chine with respect thereto, as it is not possible to correct
any possible misalignments with the fifth wheel device.
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[0011] Another disadvantage of fifth wheel devices is
the fact that, in order to make holes on circumferences
with differentradiuses, it is necessary to move the drilling
machine itself, or to replace one or more components,
causing downtimes and delay in the work.

[0012] Another disadvantage is that, although they al-
low to easily make the holes on a circumference which
extends above the drilling machine, fifth wheel devices
do not allow to make the holes equally well in a frontal
position to the machine.

[0013] The fifth wheel, in fact, does not allow to lower
the mast frontally, keeping it substantially parallel to the
ground, in order to position the drilling member effective-
ly, therefore the holes in the frontal direction are generally
made with an inclination accentuated downward instead
of substantially horizontal.

[0014] Another disadvantage of the solutions that pro-
vide to use a fifth wheel is also that they are not very
versatile and robust; if the fifth wheel malfunctions or
breaks, in particular, it is necessary to interrupt opera-
tions and carry out the maintenance or replacements re-
quired to continue the work.

[0015] Other drilling machines are known from docu-
ments DE-A-28 36 659 and WO-A-03/031764.

[0016] DE-A-28 36 659 describes a multi-use drilling
machine for the mining industry comprising a vehicle
mounted on tracks with a vertical structure in the front
partwhich supports an elbow-shaped arm on which multi-
function tools are installed. The elbow-shaped arm can
rotate completely around a horizontal axis and carries
actuator cylinders to drive extended tie rods which in turn
carry additional cylinders for other arms and the tools
themselves. WO-A-03/031764 describes a drilling ma-
chine comprising a frame mobile with respect to the
ground, an arm of the tool, a drilling tool operatively
mounted on the arm of the tool and defining a drilling end
and an actuator of the arm of the tool which can be se-
lectively driven, and which connects the arm of the tool
to the frame. The support of the arm of the tool comprises
five actuators that respectively allow a rotation of the arm
of the tool around a vertical axis, a translation along a
first horizontal axis, a translation along a second horizon-
tal axis perpendicular to the first horizontal axis, a rota-
tional displacement on a third horizontal axis, and a ro-
tatable displacement around a fourth horizontal axis.
[0017] One purpose of the present invention is to pro-
duce a drilling machine which overcomes at least some
of the disadvantages of the state of the art.

[0018] One purpose of the present invention is to pro-
duce a drilling machine, in particular to prepare excava-
tions in tunnels, which allows the precise positioning of
the mast and of the drilling member.

[0019] Another purpose of the present invention is to
provide a drilling machine which requires lower power
and energy consumption than machines known in the
state of the art.

[0020] Another purpose of the present invention is to
provide a drilling machine which allows to make in a hor-
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izontal direction both holes on circumferences with a larg-
erradius, as wellas holes on circumferences with a small-
er radius in a frontal zone of the drilling machine itself.
[0021] Another purpose of the present invention is to
provide a drilling machine to prepare excavations in tun-
nels which allows to position on each occasion the mast
and the drilling member in a suitable position without the
need to move the drilling machine, thus reducing the work
time required to perform operations.

[0022] Another purpose of the present invention is to
produce a drilling machine which is versatile and can also
be used, with simple modifications, to make drilling holes
in a vertical direction.

[0023] Another purpose of the present invention is to
produce a drilling machine that is robust and efficient
even if some components malfunction.

[0024] The Applicant has devised, tested and embod-
ied the present invention to overcome the shortcomings
of the state of the art and to obtain these and other pur-
poses and advantages.

SUMMARY OF THE INVENTION

[0025] The present invention is set forth and charac-
terized in the independent claims, while the dependent
claims describe other characteristics of the invention or
variants to the main inventive idea.

[0026] In accordance with the above purposes, a drill-
ing machine according to the invention comprises, in a
known manner, a movement unit to move it, a work mem-
ber suitable to perform one or more operations, such as
for example drilling, and support members suitable to
support and position the work member, for example a
drilling member, and/or devices to inject consolidation
material.

[0027] According to some embodiments, the support
members comprise a support rod, defined as mast in the
specific field, and a rotating head slidable along the mast
and to which the work member is connected.

[0028] The drilling machine comprises a first position-
ing unit provided with an articulation device configured
to allow the rotation of the mast on a vertical plane around
a first horizontal axis of rotation.

[0029] According to some embodiments, the drilling
machine comprises a second positioning unit connected
between the first positioning unit and the mast and con-
figured to allow other movements of the mast with respect
to the first positioning unit.

[0030] According to some embodiments, the second
positioning unit comprises an oblong support element,
connected to the articulation device of the first positioning
unit and provided with a support surface for the mast.
[0031] The second positioning unit also comprises po-
sitioning means cooperating with the oblong support el-
ement and each suitable to confer at least one degree
of freedom to the mast with respect to the support ele-
ment.

[0032] According to one aspect of the present inven-
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tion, the drilling machine comprises a swivel actuator
connected between the frame and the first positioning
unit, and configured to allow a swivel movement of the
first positioning unit, and of the components connected
thereto.

[0033] Inthis wayitis also possible to position the drill-
ing machine in an inclined position with respect to the
excavation front, and subsequently to align the mast with
respect to it simply by actuating the swivel actuator.
[0034] This movement confers a degree of freedom to
the mast which cannot be obtained with the known solu-
tions.

[0035] According to some embodiments, the second
positioning unit is connected to the mast by means of a
rotational joint and comprises vertical rotation actuator
means suitable to allow a rotation of the mast around a
first vertical axis with respect to the support surface.
[0036] According to other embodiments, the support
surface is inclined with respect to the wall of the support
element connected to the positioning unit. This inclination
allows to reach more positioning angles of the mast with
respect to the horizontal plane, so as to be able to reach
all the positions necessary to make the holes to prepare
the excavations.

[0037] According to other embodiments, the second
positioning unit comprises horizontal sliding actuator
means configured to move the mastin a linear and planar
direction with respect to the support surface.

[0038] This allows to position the mast, and therefore
the work member, on each occasion in a simple and pre-
cise manner with respect to the excavation front.
[0039] According to some embodiments, the first po-
sitioning unit comprises a fixed body and a body rotatable
with respect to the fixed body around the first horizontal
axis and horizontal rotation actuator means comprising
a pair of linear actuators acting in opposite directions on
opposite sides of the fixed body with respect to the first
horizontal axis, so as to allow a continuous rotation move-
ment of the rotatable body, and therefore of the mast,
along a circumference arc.

[0040] This solution allows to reduce the overall weight
of the positioning unit with respect to the fifth wheel de-
vice, and consequently obtain a reduction in energy con-
sumption.

[0041] The provision of a plurality of positioning units
which allow movements that are independent of one an-
other, each provided with respective linear actuators,
makes the drilling machine according to the invention
more robust than known solutions. A malfunction or fail-
ure of one of the actuators of the drilling machine can, in
fact, be at least partly compensated by actuating the re-
maining actuators, so as to allow the continuation of the
works, possibly in a partly limited operating area.
[0042] Embodiments described here also concern a
method to position the mast of a drilling machine with
respect to an excavation front to make holes in a tunnel.
[0043] The method according to the invention provides
to position the drilling machine in correspondence with
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an area to be subjected to drilling, and to move the mast
on a vertical plane, around a first horizontal axis of rota-
tion by means of a first positioning unit provided with an
articulation device.

[0044] The positioning method also provides to move
the mast with respect to the first positioning unit by means
of a second positioning unit.

[0045] According to some embodiments, the method
provides to support the mast with an oblong support el-
ement connected to the articulation device and to drive
positioning means cooperating with the oblong support
element to move the mast with respect thereto.

[0046] According to other embodiments, the method
provides to swivel the first positioning unit, and with it the
second positioning unit and the mast, on a horizontal
plane, around a vertical axis of rotation lying on the lon-
gitudinal median plane of the drilling machine by means
of a swivel linear actuator connected between the frame
and the articulation device, so as to allow a correct po-
sitioning of the mast with respect to the excavation front
even in the case where the drilling machine is not aligned
with it.

[0047] According to other embodiments, the method
provides to rotate the mast around the first horizontal axis
of rotation by means of an articulated device, by rotating
a rotatable body of the latter with respect to a fixed body
thereof by means of horizontal rotation actuator means
comprising a pair of linear actuators acting in opposition
to each other on opposite sides of the horizontal axis of
rotation. This allows to continuously move the mast along
a circumference arc to make the holes necessary to pre-
pare the excavations in the positions desired on each
occasion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] These and other characteristics of the present
invention will become apparent from the following de-
scription of some embodiments, given as a non-restric-
tive example with reference to the attached drawings
wherein:

- fig. 1is athree-dimensional view of a drilling machine
according to embodiments described here with the
mast in an operating position;

- fig. 2is a lateral view of the drilling machine in fig. 1;

- fig. 3 is a view from above of the drilling machine in
fig. 1;

- fig.4isalateral view of the drilling machine according
to embodiments described here with the mast rotat-
ed around a first horizontal axis of rotation with re-
spect to the operating position of fig. 1;

- fig. 5is a view from above of the drilling machine in
fig. 4;

- fig.6isalateral view of the drilling machine according
to embodiments described here with the mast posi-
tioned at a lower height with respect to the operating
position of fig. 1;
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- fig. 7 is a lateral view of the drilling machine with the
mast in a retracted position with respect to the op-
erating position of fig. 6;

- fig. 8isalateral view of the drilling machine according
to embodiments described here with the mast rotat-
ed around a vertical axis of rotation with respect to
the operating position of fig. 1;

- fig. 9 is a view from above of the drilling machine in
fig. 8.

[0049] To facilitate comprehension, the same refer-
ence numbers have been used, where possible, to iden-
tify identical common elements in the drawings. It is un-
derstood that elements and characteristics of one em-
bodiment can conveniently be incorporated into other
embodiments without further clarifications.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0050] Embodiments described here with reference to
figs. 1 to 9 concern a drilling machine 10, of the type
suitable to prepare excavations in tunnels, in particular
to make holes or perforations and/or to inject filling and
consolidation materials therein.

[0051] The drilling machine 10 comprises a frame 11
mounted on a slider 12, for example with tracks, and pro-
vided with stabilizing brackets 13 able to rest on the
ground to prevent the slider 12 from moving when the
drilling machine 10 is in operation.

[0052] The drilling machine 10 also comprises a drilling
unit 14 comprising a mast or guide beam 16, along which
a rotation head 20 is mounted sliding and able to make
the work tools (not shown) rotate.

[0053] The work tools can comprise, for example, a
drilling member, injection means suitable to inject con-
solidating material into the holes to prepare the excava-
tions, or other tools.

[0054] According to some embodiments, the drilling
machine 10 comprises a first positioning unit 21 config-
ured to allow a movement of the mast 16 with respect to
the frame 11, in particular a rotation of the mast 16 on a
vertical plane around a first horizontal axis X1 in the di-
rection indicated by arrows G1.

[0055] According to some embodiments, the first po-
sitioning unit 21 comprises an articulation device 23 suit-
able to allow a rotation around the horizontal axis X1.
[0056] The first positioning unit 21 can also comprise
afirst support arm 24 connected between the articulation
device 23 and the frame 11, and a second support arm
25 connectedtothe articulation device 23 on the opposite
side of the frame 11 and configured to support the mast
16.

[0057] The drilling machine 10 according to the inven-
tion also comprises a second positioning unit 22 connect-
ed between the first positioning unit 21 and the mast 16
and configured to allow another movement of the latter
with respect to the first positioning unit 21.

[0058] In particular, the second positioning unit 22
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comprises an oblong support element 26, suitable to be
connected to the second support arm 25 of the first po-
sitioning unit 21, and provided with a head 27 provided
with an upper surface suitable to define a support base
28 for the mast 16.

[0059] According to some embodiments, the second
positioning unit 22 also comprises positioning means 29,
30, 31, 32, 40 cooperating with the support base 28 and
each suitable to confer at least one degree of freedom
to the mast 16 with respect thereto.

[0060] According to possible solutions, the positioning
means comprise a rotatable joint 29.

[0061] According to other embodiments, the position-
ing means also comprise a gripping element 30 attached
in a stable manner to the mast 16, and a block 40 suitable
to support the mast 16 in a sliding manner.

[0062] According to some embodiments, the rotatable
joint 29 is disposed on the support base 28 of the oblong
support element 26, and the gripping element 30 is con-
nected to the rotatable joint 29, so that the mast 16 rests
on and is supported by both.

[0063] According to some embodiments, the rotatable
joint 29, the gripping element 30 and the block 40 coop-
erate to support the mast 16 on a support plane parallel
to the support base 28.

[0064] According to some embodiments, the second
positioning unit 22 comprises vertical rotation actuator
means, or first actuator means 31, suitable to allow a
rotation of the mast 16 in cooperation with the rotatable
joint 29 around a first vertical axis of rotation Y1 substan-
tially orthogonal to the support base 28.

[0065] Forexample, according to some embodiments,
the first actuator means 31 comprise a pair of first linear
actuators 31a, 31b connected to the rotatable joint 29, in
opposite positions to one another with respect to the mast
16.

[0066] Accordingtosome embodiments, the firstlinear
actuators 31a, 31b can be connected between the grip-
ping element 30 and the rotatable joint 29.

[0067] Thefirstlinearactuators 31a, 31b can bedriven
in counter-position, that is, one can be extended and the
other retracted, and vice versa, to allow the rotation of
the mast 16 with respect to the first vertical axis of rotation
Y1 in the direction indicated by arrows F1 infigs. 2, 6 and
7.

[0068] Forexample, according to some embodiments,
the first linear actuators 31a, 31b can allow a rotation of
about +/- 15° with respect to a central position of align-
ment.

[0069] In this way it is possible to accurately position
the mast 16 with respect to the excavation front even if
the drilling machine 10 is not perfectly aligned therewith,
allowing to make the drilling holes with the correct align-
ment.

[0070] According to other embodiments, the second
positioning unit 22 also comprises horizontal sliding ac-
tuator means, or second actuator means 32 configured
to allow the mast 16 to slide with respect to the support
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base 28 and to the block 40 in the direction indicated by
arrows F2.

[0071] According to some embodiments, the second
actuator means 32 comprise a pair of second linear ac-
tuators 32a, 32b disposed parallel to each other on op-
posite sides of the mast 16, connected at one end to the
mast 16 by the gripping element 30, and at the other end
to the block 40, in opposite positions to each other.
[0072] The second linear actuators 32a, 32b can be
driven in the same direction, to allow the mast 16 to slide
with respect to the block 40, forward or backward with
respect to the drilling machine 10 and the excavation
front. For example, figs. 6 and 7 show two different op-
erating positions of the mast 16 with respect to the sup-
port base, in which in fig. 6 the second linear actuators
32a, 32b are in a condition close to the maximum end-
of-travel, while in fig. 7 they are in a partly retracted con-
dition.

[0073] This sliding movement allows to precisely posi-
tion the mast 16 in proximity to, or in contact with, the
excavation front, so as to allow the drilling member to
make a first hole, and subsequently to move the mast 16
away from it by acting solely with the second positioning
unit 22, keeping the first positioning unit 21 stationary.
[0074] According to otherembodiments, sliding means
33, 53 can be provided between the first positioning unit
21 and the second positioning unit 22 and configured to
allow the sliding of the latter with respect to the former.
[0075] The sliding means can comprise, for example,
sliding blocks 53 disposed between the second support
arm 25 and the oblong support element 26, suitable to
allow a sliding of the latter in the direction indicated by
arrows F3 in the drawings.

[0076] According to some embodiments, the sliding
means comprise vertical sliding linear actuator means,
or third linear actuator means 33, configured to move the
oblong support element 26 along the support arm 25 of
the articulation device 23.

[0077] According to some embodiments, the vertical
sliding linear actuator means 33 comprise at least one
linear actuator 33a connected at one end to the support
arm 25 and at the other end to the head 27. The third
linear actuator 33a can be extended or retracted respec-
tively, to make the oblong support element 26 slide up-
ward or downward, and as a consequence lift or lower
the mast 16.

[0078] According to some embodiments, the support
base 28 is inclined by an angle a with respect to a direc-
tion orthogonal to the longitudinal development of the
oblong support element 26, for example comprised be-
tween 0° and approximately 20°. This inclination allows
a greater versatility in positioning the mast 16.

[0079] According to possible variantembodiments, ad-
justment means (not shown) can be provided, configured
to adjust the inclination of the head 27 and therefore of
the support base 28 with respect to the oblong support
element 26.

[0080] According to some embodiments, the articula-
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tion device 23 of the first positioning unit 21 comprises a
fixed body 35 and a rotatable body 36, pivoted to the
fixed body 35.

[0081] According to some embodiments, the fixed
body 35 is connected to the first supporting arm 24 and
the rotatable body 36 is connected to the second support
arm 25 and is configured to make it rotate together with
it around the first horizontal axis of rotation X1.

[0082] The articulation device 23 can also comprise
horizontal rotation actuator means, or fourth actuator
means 34, each connected between the fixed body 35
and the rotating body 36 on opposite sides with respect
to the first horizontal axis of rotation X1.

[0083] The horizontal rotation actuator means 34 are
configured to rotate the rotatable body 36 on a vertical
lying plane.

[0084] Accordingto some embodiments, the fourth ac-
tuator means comprise a pair of fourth linear actuators
34a, 34b, for example of the piston 54 and cylinder 55
type, suitable to be driven in counter-position to each
other to allow the rotation of the rotatable body 36 with
respect to the fixed body 35.

[0085] By way of example, the rotatable body 36 can
rotate continuously by an angle of about +/- 95° with re-
spect to the fixed body 35, thus allowing to make the
holes to prepare the excavations along a circumference
arc.

[0086] Forexample, figs. 1 to 3 show an operating po-
sition of the drilling machine 10 in which the base of the
mast 16 is aligned on a substantially horizontal plane,
and the fourth linear actuators 34a, 34b have substan-
tially the same extension, while figs. 4 and 5 show an
operating positionin which the mast 16 is rotated by about
90° around the first horizontal axis of rotation X1 with
respect to figs. 1-3, and its base lies on a substantially
vertical plane; in this case the linear actuator 34a facing
the direction of rotation will be in the condition close to
the maximum end-of-travel, while the other linear actu-
ator 34b will be in the condition close to the minimum
end-of-travel.

[0087] According to possible embodiments, for exam-
ple, the articulation device 23 can rotate the mast 16 by
an angle of about +/- 95° with respect to an intermediate
position.

[0088] In accordance with some solutions, the fourth
linear actuators 34a, 34b are rotatably connected to the
fixed body 35 and to the rotatable body 36. For example,
the cylinders 55 and the pistons 54 can be pivoted by
hinge means, or pins 37, respectively to the fixed body
35 and to the rotatable body 36.

[0089] In this way the cylinders 55 of the fourth linear
actuators 34a, 34b can oscillate with respect to the fixed
body 35 during the opposite actions of extension or re-
traction of the respective pistons 54.

[0090] According to some embodiments, the rotatable
body 36 is connected to the second support arm 25 by
pivoting means 41, defining a second horizontal axis of
rotation X2 of the support arm 25 with respect to the fixed
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body 35.

[0091] According to some embodiments, inclination
adjustment actuator means, or fifth actuator means 45,
are provided, connected with one end to the rotatable
body 36 and with the opposite end to the support arm
25, defining with them a triangle shape. The fifth actuator
means 45 can comprise one, or a pair of linear actuators
45a, 45b which can be extended, or retracted, to incline
the oblong support element 26 respectively toward the
excavation front or toward a vertical position.

[0092] According to some embodiments, it can be pro-
vided that the linear actuators 45a, 45b have an extension
travel suitable to rotate the oblong support element 26
by about 15°, and the mast 16 connected thereto with
respect to the second horizontal axis of rotation X2 in the
direction indicated by arrows G2 in the drawings.
[0093] According to other embodiments, the first sup-
port arm 24 of the first positioning unit 21 is connected
to the frame 11 by pivoting means 38 defining a third axis
of rotation X3.

[0094] According to some embodiments, the third hor-
izontal axis of rotation X3 is parallel to the second hori-
zontal axis of rotation X2.

[0095] According to some embodiments, the projec-
tions of the first X1 and of the second horizontal axis of
rotation X2 on a horizontal plane can be orthogonal to
one another.

[0096] According to possible solutions, the first posi-
tioning unit 21 comprises a vertical movement linear ac-
tuator, or a sixth linear actuator 46, connected with one
end to the frame 11 and with the opposite end to the
articulation device 23 by respective pivoting means 42.
[0097] In particular, the sixth linear actuator 46 can be
driven respectively to lift, or lower, the articulation device
23, and therefore the second positioning unit 22 and the
mast 16, moving it on a substantially vertical plane, for
example in the direction indicated by arrows G3 in the
drawings.

[0098] Figs. 2 and 6 show examples of operating po-
sitions of the mast 16 at different heights, wherein in fig.
2 the sixth linear actuator 46 is in a condition close to the
maximum end-of-travel, while in fig. 6 the sixth linear ac-
tuator 46 is in a condition close to the minimum end-of-
travel.

[0099] According to other embodiments, the sixth lin-
ear actuator 46 can be connected to the articulation de-
vice 23 by other intermediate connection members 43,
for example integral with the first support arm 24, or con-
nected thereto in a stable and fixed manner.

[0100] According to possible variants, it can be provid-
ed thatthe intermediate connection members 43 are con-
nected with play, so as to allow greater degrees of free-
dom between the first support arm 24 and the articulation
device 23.

[0101] Forexample, anintermediate connection mem-
ber 43 can be provided connected to the first supportarm
24, to the articulation device 23 and to the sixth linear
actuator 46.
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[0102] According to other embodiments, the first sup-
port arm 24, or the possible intermediate connection
member 43, are connected to the articulation device 23
by pivoting means 44, defining a fourth horizontal axis of
rotation X4.

[0103] Accordingto these embodiments, aninclination
modification actuator, or seventh linear actuator 47, can
be provided configured to modify the inclination of the
articulation device 23 toward the excavation front or to-
ward a vertical position, respectively.

[0104] The seventh linear actuator 47 can be connect-
ed at one end to the frame 11 in a rotatable manner, and
at the end opposite to the articulation device 23.

[0105] The seventh linear actuator 47 can be connect-
ed directly or indirectly to the frame 11 and/or to the ar-
ticulation device 23.

[0106] According to some embodiments, a second in-
termediate connection member 49 can be provided, con-
nected to the first support arm 24 and to the frame 11 in
correspondence with the common pivoting means 38,
and with the seventh linear actuator 47 by respective
pivoting means 50.

[0107] According to some embodiments, the drive of
the seventh linear actuator 47 allows a rotation of the
articulation device 23, and of the components connected
thereto, on a vertical plane, around the fourth axis of ro-
tation X4, in the direction indicated by arrows G4 in fig. 2.
[0108] According to other embodiments, the first posi-
tioning means 21 comprise a swivel linear actuator, or
eighth linear actuator 48, hinged at one end to the frame
11 and at the opposite end to the articulation device 23
and configured to rotate the latter around a second ver-
tical axis of rotation Y2 lying on a longitudinal median
plane M of the drilling machine 10, in the direction indi-
cated by arrows G4 in fig. 9.

[0109] The longitudinal median plane M of the drilling
machine 10 can be defined as the median plane of the
frame 11.

[0110] Inparticular, the eighthlinear actuator48is con-
nected laterally to the articulation device 23, so as to
allow a swivel motion thereof with respect to the longitu-
dinal median plane M.

[0111] According to some embodiments, the eighth lin-
ear actuator 48 can be extended, and respectively re-
tracted to allow a rotation of the mast 16 on a substantially
horizontal plane, so that its terminal end rotates on a
circumference arc.

[0112] Figs. 8 and 9 show by way of example an op-
erating position of the drilling machine 10 in which the
mast 16 is positioned inclined with respect to the longi-
tudinal median plane M by an angle f.

[0113] By way of example, a travel of the eighth linear
actuator 48 can be provided, suitable to allow a rotation
of the mast 16 by an angle § of about +/- 35° with respect
to the longitudinal median plane M.

[0114] Providing the articulations and linear actuators
31-34, 45-48 hinged by pivoting means 37-38, 41-42,
confers on the first 21 and second positioning unit 22
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many degrees of freedom which therefore make the drill-
ing machine 10 very versatile, allowing to position the
mast 16 in a plurality of different positions.

[0115] Furthermore, providing the use of pairs of linear
actuators 31, 32, 33, 34, 45 instead of single linear ac-
tuators allows on the one hand to decrease the overall
power required, thus reducing consumption, and on the
other hand to optimize the movement of the mast 16.
[0116] Embodiments described here also concern a
method to position the mast 16 of a drilling machine 10
with respect to an excavation front, in particular to make
holes to prepare tunnel excavations.

[0117] The method according to the invention provides
to position the drilling machine 10 in correspondence with
an area to be subjected to drilling, and to move the mast
16 on a vertical plane, around a first horizontal axis of
rotation X1, by means of a first positioning unit 21.
[0118] The positioning method also provides to move
the mast 16 with respect to the first positioning unit 21
by means of a second positioning unit 22.

[0119] According to some embodiments, the method
provides to support the mast 16 on a support base 28
defined by a head 27 of an oblong support element 26
constrained to the first positioning unit 21 and to move
the mast 16 with respect thereto by means of suitable
actuator means 31, 32.

[0120] According to some embodiments, the method
provides to rotate the mast 16 with respect to a first ver-
tical axis of rotation Y1 substantially orthogonal to the
support base 28 and passing through it, by means of
vertical rotation actuator means, or first actuator means
31, to allow a correct alignment of the mast 16 with re-
spect to the excavation front.

[0121] According to other embodiments, the method
provides to translate the mast 16 in a linear direction on
a plane parallel to the support base 28 by means of hor-
izontal sliding actuator means, or second actuator means
32, so as to bring it closer to or farther away from the
excavation front to allow a correct positioning of the work
tool.

[0122] According to other embodiments, the method
provides to slide the second positioning unit 22 with re-
spect to the first positioning unit 21 in a direction parallel
to the longitudinal development of the oblong support
element 26 by means of vertical sliding actuator means,
or third actuator means 33, cooperating with sliding
blocks 53.

[0123] According to other embodiments, the method
provides to rotate the first positioning unit 21, and with it
the second positioning unit 22 and the mast 16 on a hor-
izontal plane, around a second vertical axis of rotation
Y2 lying on the longitudinal median plane M of the drilling
machine 10 by means of a swivel linear actuator, or eighth
linear actuator 48.

[0124] According to other embodiments, the method
provides to rotate the mast 16 around the first horizontal
axis of rotation X1 by means of an articulation device 23,
by rotating a rotatable body 36 of the latter with respect
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to a fixed body 35 thereof by means of horizontal rotation
actuator means 34, comprising a pair of fourth linear ac-
tuators 34 acting in counter-position to each other on
opposite sides of the horizontal axis of rotation X1.
[0125] According to other embodiments, the method
provides to incline the oblong support element 26 with
respect to the articulation device 23 causing it to rotate
around a second horizontal axis of rotation X2 by means
of inclination adjustment actuator means, for example a
fifth linear actuator 45.

[0126] According to some embodiments, the method
provides to move vertically, that is, to lift and/or lower the
articulation device 23, and with it the second positioning
unit 22 and the mast 16, by the action of a vertical move-
ment linear actuator, or sixth linear actuator 46.

[0127] According to other embodiments, the method
provides to modify the inclination of the articulation de-
vice 23 with respect to the frame 11, together with the
second positioning unit 21 and the mast 16, by making
the articulation device 23 rotate around a fourth horizon-
tal axis of rotation X4 by the action of an inclination mod-
ification actuator, or seventh linear actuator 47.

[0128] Itis clear that modifications and/or additions of
parts may be made to the drilling machine 10 and posi-
tioning method as described heretofore, without depart-
ing from the field and scope of the present invention.
[0129] Itis also clear that, although the present inven-
tion has been described with reference to some specific
examples, a person of skill in the art shall certainly be
able to achieve many other equivalent forms of drilling
machine 10 and positioning method, having the charac-
teristics as set forth in the claims and hence all coming
within the field of protection defined thereby.

Claims

1. Drilling machine comprising a frame (11) mounted
on a slider (12), a drilling unit (14) comprising a mast
or guide beam (16), along which a rotation head (20)
is mounted sliding and able to make the work tools
rotate, and a first positioning unit (21) provided with
an articulation device (23) suitable to allow the rota-
tion of said mast (16) on a vertical plane around a
first horizontal axis of rotation (X1), characterized
in that said drilling machine comprises a second po-
sitioning unit (22), connected between said first po-
sitioning unit (21) and said mast (16), and provided
with an oblong support element (26), connected to
said articulation device (23) and suitable to support
said mast (16), and with positioning means (29, 30,
31, 32, 40) cooperating with said oblong support el-
ement (26) and each suitable to confer at least one
degree of freedom on said mast (16) with respect
thereto, said drilling machine also comprising an in-
clination linear actuator (48) connected to an end of
said frame (11) and to the opposite end of said ar-
ticulation device (23) and configured to rotate it
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around a vertical axis of rotation (Y2) lying on a lon-
gitudinal median plane (M) of said drilling machine.

Drilling machine as in claim 1, characterized in that
said positioning means comprise a rotatable joint
(29) disposed between a support base (28) of said
oblong support element (26) and said mast (16), and
vertical rotation actuator means (31) acting on said
rotatable joint (29) and suitable to allow a rotation of
said mast (16) around a vertical axis of rotation (Y1)
substantially orthogonal to said support base (28).

Drilling machine as in claim 1 or 2, characterized in
that said positioning means comprise a gripping el-
ement (30) and a block (40) cooperating with each
other to support said mast (16) on a support plane
parallel to said support base (28), and horizontal slid-
ing actuator means (32) configured to allow the slid-
ing of said mast (16) with respect to said support
base (28) and said block (40).

Drilling machine as in any claim hereinbefore, char-
acterized in that it comprises sliding means (33, 53)
disposed between a second support arm (25) of said
articulation device (23) and said oblong support el-
ement (26) and configured to allow the sliding of the
latter with respect to said support arm (25).

Drilling machine as in any claim hereinbefore, char-
acterized in that said articulation device (23) com-
prises a fixed body (35) connected to said frame (11)
by a first support arm (24), a rotatable body (36) con-
nected by a second support arm (25) to said oblong
support element (26), and horizontal rotation actua-
tor means (34) comprising a pair of linear actuators
(34a, 34b) each connected to said fixed body (35)
and to said rotatable body (36) on opposite sides
with respect to said first horizontal axis of rotation
(X1) and suitable to be driven in counter-position to
each other to allow the rotation of said rotatable body
(36) with respect to said fixed body (35) around said
first horizontal axis of rotation (X1).

Drilling machine as in claim 5, characterized in that
it comprises inclination adjustment actuator means
(45) connected with one end to said fixed body (35),
and with the opposite end to said second support
arm (25), and configured to incline said second sup-
port arm (25) and said oblong support element (26)
toward the excavation front or return them toward a
vertical position.

Drilling machine as in claim 4, characterized in that
said sliding means comprise vertical sliding linear
actuator means (33) configured to move said oblong
support element (26) along said second support arm
(25).
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Drilling machine as in any claim hereinbefore, char-
acterized in that said first positioning unit (21) com-
prises a vertical movement linear actuator (46) con-
nected with one end to said frame (11), and with the
opposite end to said articulation device (23) by re-
spective pivoting means (42) and configured to lift
or lower said articulation device (23) on a substan-
tially vertical plane, and with it said second position-
ing unit (22) and said mast (16).

Drilling machine as in any claim hereinbefore, char-
acterized in that said first positioning unit (21) com-
prises an inclination modification actuator (47) con-
nected with one end to said frame (11), and with the
opposite end to said articulation device (23) and con-
figured to modify the inclination of the latter respec-
tively toward the excavation front or toward a vertical
position.

Method to position the mast, or guide beam (16), of
adrilling machine (10), the drilling machine (10) com-
prising a frame (11) mounted on a slider (12), and a
drilling unit (14) comprising said mast, or guide beam
(16), along which a rotation head (20) is mounted
sliding and able to make the work tools rotate, with
respect to an excavation front to make holes to pre-
pare the excavations, wherein the method provides
to move said mast (16) on a vertical plane, around
a first horizontal axis of rotation (X1) by means of a
first positioning unit (21) provided with an articulation
device (23) to position said work tools along a cir-
cumference arc,

characterized in that said method also provides to
position said mast (16) with respect to said first po-
sitioning unit (21) by means of a second positioning
unit (22) provided with an oblong support element
(26) connected to said articulation device (23) and
with positioning means (29, 30, 31, 32, 40), wherein
said method provides to support said mast (16) on
a support base (28) of said oblong support element
(26) and to drive said positioning means (29, 30, 31,
32, 40) in order to move said mast (16) on a plane
parallel to said support base (28), and in that it pro-
vides to make said first positioning unit (21) swivel,
and with it said second positioning unit (22) and said
mast (16), with respect to a vertical axis of rotation
(Y2) lying on a longitudinal median plane (M) of said
operating machine (10) by means of a swivel linear
actuator (48) connected between said frame (11)
and said articulation device (23) in order to align said
mast (16) with said excavation front if said drilling
machine (10) is not aligned with it.

Method as in claim 10, characterized in that it pro-
vides to rotate said mast (16) around said first hori-
zontal axis of rotation (X1) by means of an articula-
tion device (23) provided with a fixed body (35) con-
nected to said frame (11) and with a rotatable body
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12.

13.

14.

(36) connected to said oblong support element (26),
making said rotatable body (36) rotate with respect
to said fixed body (35) acting in counter-position on
a pair of linear actuators (34a, 34b) connected be-
tween said fixed body (35) and said rotatable body
(36) on opposite sides of said first horizontal axis of
rotation (X1).

Method as in claim 10 or 11, characterized in that
it provides to slide said second positioning unit (22)
with respect to said first positioning unit (21) in a
direction parallel to the longitudinal development of
said oblong support element (26) by means of ver-
tical sliding actuator means (33) cooperating with
sliding blocks (53).

Method as in any claim from 10to 12, characterized
in that it provides to incline said oblong support el-
ement (26) with respect to said articulation device
(23) making it rotate around a second horizontal axis
of rotation (X2) by means of inclination adjustment
actuator means (45).

Method as in any claim from 10to 13, characterized
in that it provides to vertically move said articulation
device (23), and with it said second positioning unit
(22) and said mast (16), by means of the action of a
vertical movement linear actuator (46).



EP 3 536 892 A1

10



EP 3 536 892 A1

Z by

123

EX~

1"



EP 3 536 892 A1

G by

!

_ vm ave
|

lr.agaoaoc R

ohaf bbbl bk ek B v

ex—1 gy LV epe 12
8l v ¢¢

o ¢X
L/ ¢9
€a
|_\\X 1O
G¢e
1%
X
c
sy Xed Xy~
€g

4

ece

8¢

12



EP 3 536 892 A1

. By

9 "6y

B @ (@ @ @ @ @

A

@ B

13



EP 3 536 892 A1

T i el e e b G A L e

S ¥/ |

&) | l

............ Hodsadan”

A

34a 48 S

=

fig. 9

14



10

15

20

25

30

35

40

45

50

55

EP 3 536 892 A1

9

Européisches
Patentamt

European

Patent Office EUROPEAN SEARCH REPORT

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 15 2998

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
Y DE 28 36 659 Al (EBELING WOLFGANG DIPL 1-6,10, | INV.
ING) 6 March 1980 (1980-03-06) 11 E21B15/00
A * pages 13-15; figures 1-8 * 7-9, E21B7/02
12-14
Y WO 03/031764 Al (MACDONALD CLAUDE [CA]) 1-6,10,
17 April 2003 (2003-04-17) 11
A * page 5, line 10 - page 9, line 14; 7-9,
figures 1-5 * 12-14
A EP 1 167 683 Al (CASAGRANDE SPA [IT]) 1-14
2 January 2002 (2002-01-02)
* paragraphs [0029] - [0072]; figures
2,3,4 *
A US 3 374 975 A (HERBERT BRONDER) 1,10
26 March 1968 (1968-03-26)
* figure 2 *
A EP 0 215 998 A2 (LUEN LAM MING) 1-14
1 April 1987 (1987-04-01) TECHNICAL FIELDS
* figure 2 *
----- E21C
A DE 20 17 738 Al (MASCHIENENFAVRIK 1-14 E21B
MONNINGHOFF) 28 October 1971 (1971-10-28)
* figures 4,5 *
A WO 97/12122 Al (MONTABERT ETS [FR]; 1-14
RIBERON YVES [FR])
3 April 1997 (1997-04-03)
* figures 3,4 *
A EP 0 188 190 A2 (LUEN LAM MING) 1-14
23 July 1986 (1986-07-23)
* figures 4-6 *
A GB 856 034 A (ATLAS COPCO AB) 1,10

14 December 1960 (1960-12-14)
* page 1, Tine 65; figures 2,4 *

The present search report has been drawn up for all claims

Place of search Date of completion of the search

Munich 30 July 2019

Examiner

Beran, Jiri

X : particularly relevant if taken alone
Y : particularly relevant if combined with another

A : technological background
O : non-written disclosure
P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

document of the same category

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

15




EP 3 536 892 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 15 2998

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

30-07-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 2836659 Al 06-03-1980  NONE

WO 03031764 Al 17-04-2003 CA 2458376 Al 17-04-2003
EP 1436483 Al 14-07-2004
US 2004178004 Al 16-09-2004
WO 03031764 Al 17-04-2003

EP 1167683 Al 02-01-2002  EP 1167683 Al 02-01-2002
IT UD20000127 Al 21-12-2001

US 3374975 A 26-03-1968 GB 1091130 A 15-11-1967
NO 115050 B 30-07-2019
Us 3374975 A 26-03-1968

EP 0215998 A2 01-04-1987  NONE

DE 2017738 Al 28-10-1971  NONE

WO 9712122 Al 03-04-1997 AU 7134396 A 17-04-1997
CA 2230901 Al 03-04-1997
EP 0852658 Al 15-07-1998
FR 2739134 Al 28-03-1997
WO 9712122 Al 03-04-1997
ZA 9607998 B 29-05-1997

EP 0188190 A2 23-07-1986  NONE

GB 856034 A 14-12-1960  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16




EP 3 536 892 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

- DE 2836659 A [0015] [0016] « WO 03031764 A [0015] [0016]

17



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

