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(54) SAFETYSYSTEMFORCONTROLLING ADANGEROUS AREA OF AN EXCAVATION MACHINE
AND EXCAVATION MACHINE COMPRISING THE SAME
(57) Safety system for controlling a dangerous area

of an excavation machine (1) provided with a guide an-
tenna (3), a rotary head (5) coupled in a sliding manner
on the guide antenna (3) and arranged for supporting
and moving an excavation battery (6), the safety system
comprising:

- a shield (9) couplable with the machine (1) so as to
extend in a substantially radial direction around the ex-
cavation battery (6) defining an upper area of the guide
antenna (3) and a lower area of the guide antenna (3)
where the excavation occurs, the shield (9) being shaped

so as to stop the raising of the material projected from
the lower area towards the upper area.

- a plurality of sensitive devices (8) intended to be posi-
tioned in the upper area and configured for generating a
monitoring area, for detecting the presence and/or the
passage of a body in the monitoring area and for gener-
ating, following such detection, a corresponding control
signal adapted to at least stop the rotation of the exca-
vation battery (6), said sensitive devices (8) being ar-
ranged on the machine (1) so that the monitoring area
at least partially comprises the dangerous area.

A\ ¢
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Description

[0001] The presentinvention concerns a safety system
for excavation equipment particularly but not exclusively
used in an excavation machine for controlling the dan-
gerous area surrounding the machine and for interrupting
the dangerous manoeuvres of the machine itself.

[0002] The present invention also concerns an exca-
vation machine comprising the aforementioned safety
system.

[0003] More specifically, the safety system, according

to the present invention, is used to prevent an operator
from coming into contact with rotary or moving members
of the drilling machine that are directly involved in the
excavation process.

[0004] Indeed, the field of application of the present
invention is that relating to excavation machines that, op-
erating in several technological fields, can require the
personnel in charge of the auxiliary services to carry out
manual interventions in areas around the machine that
are exposed to dangers, in particular close to the guide
antenna or mast on which the rotary head or rotary slides
and close to the drilling axis on which the shafts used for
the excavation, mixing, jetting and driving-in processes
are located. Excavation machines require interventions
of the personnel that can be generally divided into three
types: first mounting interventions, maintenance inter-
ventions and interventions simultaneous to the work ma-
noeuvres. In the first two types of interventions, usually
carried out in the factory, the experience of the trained
personnel, the specificity of the problems and common
practice lead to consider this step not to be particularly
risky. In the third type of intervention, in which manual
interventions are required during the work steps, for ex-
ample to add or to remove the drilling shafts limited to
the area close to the mast, the exposure to risk is very
high since the operations are carried out on moving parts
and are routine and this physiologically generates a drop
in attention by those carrying out the same action repeat-
edly; moreover, such interventions must be quick, so as
to reduce as much as possible the intervention time and
increase productivity.

[0005] In the present description by dangerous area
we mean the region of space around the guide antenna
where the rotary head slides and the region of space
close to the excavation area.

[0006] For these reasons, in order to allow the opera-
tor, during the normal operations of the machine, to ac-
cess the mobile parts of the machine itself that are directly
involved in the excavation process, the presence of pro-
tections is suggested, such as fixed barriers or guards,
mobile barriers or guards with interblock, sensitive pro-
tection devices or a combination thereof around the dan-
gerous area. Such protections must prevent access to
the dangerous area during any dangerous movement.
[0007] For example, document WO 2011/051564 de-
scribes an excavation machine that comprises a protec-
tive structure or shield arranged at least partially around
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the antenna.

[0008] In the case in which the mobile barriers are
opened orif the sensitive protection devices are activated
by the entry of an object into the dangerous area, the
dangerous drilling manoeuvres must be blocked quickly
and safely: the standards require at least the rotation of
the shaftto be instantaneously blocked and, alternatively,
both the rotation and the translation movements of the
driving head to be simultaneously and instantaneously
blocked.

[0009] All the while that the mobile barriers remain
open or that the sensitive devices remain activated, it is
possible to reactivate the rotation of the shafts and the
sliding of the rotary just by selecting, through a proper
selector, a limited operating mode. In this limited operat-
ing mode all manoeuvres are properly slowed down up
to values such as to eliminate the danger and to allow
the inspection of the parts or the execution of the manual
interventions. In order to go back to the normal operating
mode, i.e. the work mode, it is necessary to have closed
and reset the interblocked mobile barriers or to have the
sensitive protection devices no longer active and to have
them reset, to have the normal operating mode selected,
through a proper selector, and to have the start-up com-
mand actuated.

[0010] Itis known in the field to use mobile guards with
interblock, made in the form of containment cages, ar-
ranged around the work members of the machine to iso-
late the dangerous area. Such containment cages gen-
erally consist of one or more supporting frames, made
through shaped tubes or plates that constitute the exter-
nal shape thereof, and of metallic or plastic grids or mesh-
es or other shields that occupy the area enclosed by such
a shape. The supporting frames can for example be
hinged at points integral with the mast so that they can
open by rotating on the horizontal plane, when the mast
is arranged vertically, and leave free access to the dan-
gerous area.

[0011] These types of barriers or "guards" in closed
position, i.e. in work condition, have considerable bulks
that generally are greater in the horizontal direction than
the shape of the rotary head or of the clamps in order to
be able to receive the rotary head inside the protected
volume. Such bulks are linked to the need of delimiting
a sufficiently large dangerous area, i.e. of keeping the
operator sufficiently far away from the danger represent-
ed by the rotating shafts.

[0012] Moreover, the possible presence of mechanical
loading-aid means has to be provided, like for example
automated loading arms, the so-called rack or revolver
loaders, or the articulated cranes, which, in order to be
able to operate correctly, should be contained inside the
protected volume defined by the barriers. The aforemen-
tioned considerable bulks, however, for various reasons,
constitute a great limitation of the operating capabilities
of the machine. In particular, such bulks do not allow
performing drilling close to walls or corners formed by
two walls, since by bringing the machine close to the
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walls a contact of the barriers with such walls occurs,
preventing a further approach of the drilling shafts. In this
way, it would not be possible to carry out any "wall-flush"
drillings typical of consolidation and restructuring works.
[0013] Inthe same way, in order to be possible to open
the barriers, itis necessary to have enough space around
the mast to allow the rotation or translation movement
without interferences with obstacles during the trajectory
of the movement.

[0014] The presence of the barriers, therefore, repre-
sents an obstacle to the manoeuvres and is limiting for
the drilling that can be carried out.

[0015] The aforementioned limitations are not compat-
ible with the confined spaces of building sites in which
drilling machines generally work, in particular in an urban
environment, in which the agility of the machine is es-
sential. The bulk of the barriers, also in the open position,
hinders the step of adding or removing shafts in the drill-
ing battery.

[0016] Moreover, the need to carry out continuous
opening and closing of the barriers for loading the shafts
determines an increase in work time and requires com-
plication of the hydraulic and electrical system to manage
the actuation of such barriers.

[0017] A further limitation of this solution consists of
the increased weight of the machine, with a consequent
reduction of the stability due to the frontally cantilvered
positioning of such barriers.

[0018] The use in horizontal drilling (tie rods) with very
low heights, less than 1.6 m, would also force to arrange
barriers for the entire length of the mast, to always protect
the operator in any position he is. In this case, however,
these barriers would have points of contact and interfer-
ence with the ground and would make the loading of the
shafts awkward, since the mobile parts for the access to
the shafts are considerably heavy, since the length of the
shafts themselves can even reach ten metres.

[0019] An alternative known solution consists in using
sensitive devices, such as electrosensitive, photosensi-
tive, laser, optical, radar, ultrasound or thermal devices.
Such devices are arranged to generate a monitoring area
that in turn at least partially comprises the dangerous
area and to detect the presence and/or the passage of
a body through such an area.

[0020] In the case in which an object passes through
such monitoring areas, such passage triggers the sensi-
tive devices causing the stop of the functions of the ma-
chine. This solution also has some drawbacks. Such
drawbacks occur, in particular, during drillings carried out
through air supply (in deep hole drilling with hammer,
commonly known as DTH) or water (tricone drillings or
with hammers at the head and rotopercussions) or ce-
ment (injection and jetting) or during the mechanical mix-
ing of the ground. During drilling or mixing, indeed, a lot
of debris is projected from the excavation upwards due
to the injection pressure or to the movement of the shafts.
In the same way, sprays of water, mud or cement can be
projected upwards. Such debris or sprays during their
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movement, therefore, can cross the monitoring areas by
the sensitive devices. Such crossing can occur both from
the excavation axis towards the outside of the dangerous
area but also from the outside of such an area inwards
due for example to the bouncing of the debris against the
parts of the machine, for example against the mast. The
crossing of the debris or of the sprays of water, mud or
cement causes an undesired triggering of the sensitive
devices and consequently the stop of the machine even
in the absence of an actual condition of danger due to
the passage of people. This can lead to continuous stops
of the machine, seriously slowing down work, also con-
sidering the length and complexity of the operations im-
posed by the standards for reactivating normal operating
mode. Purpose of the presentinvention is to make a safe-
ty system for an excavation machine that overcomes the
aforementioned drawbacks of the prior art, minimising
the possibility of undesired stops of the machine in the
absence of dangerous conditions whilst still maintaining
the maximum reliability in detecting conditions of actual
danger.

[0021] Another purpose of the present invention is to
make a safety system for an excavation machine that is
simple to be installed and that can be applied to different
types of machines.

[0022] A further purpose of the present invention is to
make a safety system for an excavation machine that is
cost-effective and that does not limit, due to its size bulk,
the capabilities in terms of excavation and of the ap-
proach to obstacles or walls.

[0023] Yetanother purpose of the present invention is
to make an excavation machine that ensures a high safe-
ty degree for the maintenance interventions to be carried
out during the excavation process.

[0024] These and other purposes according to the
present invention are achieved by making a safety sys-
tem and an excavation machine as outlined in the inde-
pendent claims.

[0025] Further characteristics of the safety system and
of the excavation machine are the object of the depend-
ent claims.

[0026] The characteristics and advantages of a safety
system and of an excavation machine according to the
present invention will become clearer from the following
description, given as an example and not for limiting pur-
poses, referring to the attached schematic drawings, in
which:

- figure 1 is a schematic side view of an excavation
machine according to the present invention;

- figure 2a is a schematic partial side view of a first
embodiment of an excavation machine according to
the present invention;

- figure 2b is a schematic partial front view of a first
embodiment of an excavation machine according to
the present invention;

- figure 3ais a schematic partial side view of a second
embodiment of an excavation machine according to
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the present invention;

- figure 3bis a schematic partial front view of a second
embodiment of an excavation machine according to
the present invention;

- figure 4a is a schematic partial side view of a third
embodiment of an excavation machine according to
the present invention;

- figure 4b is a schematic partial front view of a third
embodiment of an excavation machine according to
the present invention;

- figure 5a is a schematic partial side view of a fourth
embodiment of an excavation machine according to
the present invention;

- figure 5b is a schematic partial front view of a fourth
embodiment of an excavation machine according to
the present invention.

[0027] Withreference tothe figures, an excavation ma-
chine is shown, wholly indicated with 1. Such an exca-
vation machine 1, in particular, is suitable for all digging
technologies by rotation, rotopercussion, vibration, roto-
driving and mixing and injection and it can be of the type
for making piles, micro pile supports, tie rods or mechan-
ical mixing.

[0028] The excavation machine 1 comprises a ma-
chine-base 2, equipped with tracks or wheels, which al-
low the movement on the building site, a guide antenna
or mast 3 and a linkage 4 that allows the movement of
the antenna 3 with respect to the machine-base 2 to take
it reversibly from a closed configuration used for trans-
portation to a work configuration, in which the antenna 3
can be arranged vertically, inclined or horizontal.
[0029] The guide antenna 3 is slidably coupled with at
least one rotary head 5 or rotary, arranged to support
and move an excavation battery 6 that comprises at least
one drilling segment or shaft 6A; in detail, the rotary head
5is coupled with the antenna 3 so that it can slide along
the antenna itself to cause the excavation battery 6 to
move forwards or backwards during drilling.

[0030] On the rotary head 5 an excavation battery 6
can also be mounted, which uses percussion and/or vi-
bration in addition to rotation.

[0031] Preferably, the excavation battery 6 can com-
prise at least one supplementary segment or shaft 6A
that must be added during drilling, in particular when the
excavation or treatment depth that is wished to be
reached is greater than the stroke of the rotary head 5.
In this case, during excavation, at the end of the first
stroke of the rotary head 5, it is necessary to disconnect
the rotary head from the last drilling driven in shaft 6 and
to liftitin order to add one or more supplementary shafts
that are screwed on those that have already been driven
in. In order to allow such an operation, at the base of the
guide antenna 3 there is at least one pair of clamps 7
that allows holding the last drilling driven in shaft 6 and
disconnecting the rotary head or a shaft from it. The at
least one pair of clamps 7 can comprise a pair of gripping
clamps 7 or alternatively a gripping clamp 7 of the un-
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screwing type. The at least one supplementary shaft 6A
is thus connected to the battery at a height above the
clamps. In the case of double-head drillings both the
shafts and the coating tubes (externally coaxial to the
internal shafts) are used and these require the application
of three clamps, at least one of which is of the unscrewing
type.

[0032] At the end of the excavation it is necessary to
repeat the aforementioned operations in reverse in order
to extract the battery by unloading the shafts in sequence.
The steps of loading and unloading the shafts can re-
quire, for the correct positioning, the intervention of an
operator who must therefore get close to the drilling axis,
in order to lift them or at least to direct them with respect
to the shafts 6 held by the clamps 7. The maintenance,
inspection and replacement operations of the digging tool
can also require the operator to getin said area. The area
close to the guide antenna 3 and to the excavation battery
6 is considered dangerous, since the operator could
come into contact with the rotary members and conse-
quently could get caught in them and be dragged. An-
other danger can be caused by the movement of the ro-
tary head along the guide antenna, which could hit or
drag the operator.

[0033] In order to avoid the operator or other building
site personnel being exposed to dangers during the
aforementioned steps, according to the present inven-
tion, the excavation machine 1 is provided with a safety
system for controlling the dangerous area.

[0034] Such a safety system comprises a plurality of
sensitive devices 8 configured to generate a monitoring
area and to detect the presence and/or the passage of
a body in such a monitoring area.

[0035] Preferably, the sensitive devices 8 can be of the
electrosensitive, photosensitive, optical, radio, laser or
thermal type.

[0036] Inany case, such sensitive devices 8 comprise
a signal emitter (not illustrated), for example an emitter
of an electric signal, or of alight beam, of a thermal beam,
of an ultrasound beam, of a radar beam, of an optical
beam, and so on, and a corresponding receiver or reflec-
tor component (not illustrated) and are configured to de-
tect when an object intercepts the signal emitted. Such
signals are indicated in figure 1 with a broken line.
[0037] The path of the signals between the emitter and
the receiver or reflector component defines the monitor-
ing area within which the devices are able to detect the
presence of a body. The sensitive devices 8 are arranged
on the machine 1 so that the monitoring area monitored
by the aforementioned devices comprises at least par-
tially the area dangerous for operators. In general, the
entry of an object or a body through the monitoring area
causes a variation in the signal that is perceived by the
emitter element and that thus produces the actions sig-
nalling said presence. Preferably, the sensitive devices
8 are positioned side by side so as to be able to intercept
an object or a body having dimensions at least equal to
or greater than 2 cm, more preferably equal to or greater
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than 4 cm. Such a size allows intercepting the passage
of a hand because it has larger dimensions than the min-
imum required for mounting two adjacent pointed detec-
tion sensitive devices 8 (on reading along one direction
and not on beam or surface reading). In this way, if the
hand is intercepted because it is of a certain size, it is
possible to place the shield at a very short distance from
the excavation battery 6. In particular, defining a control
circuit such that the chain of stop signals and controls of
the manoeuvres has a minimum completion time since
the interception of the body or of an object that is detected
in the monitoring area, theniitis possible to distribute said
sensitive devices 8 at a minimum distance from the drill-
ing battery, such that in the period of time elapsed be-
tween the interception and the actuation, the body or the
object never come into contact with the excavation bat-
tery. Preferably, therefore, the sensitive devices 8 are
positioned around the excavation battery 6, at the mini-
mum distance therefrom; such adistanceis linked atleast
to the response and intervention time of the safety sys-
tem, so that the monitoring area guarded by the afore-
mentioned sensitive devices 8 is able to cover the area
around the drilling shaft 6, or to close on the guide an-
tenna 3 in an area rear and around the shaft 6 in a front
area and being able to intercept an object or a body of
dimensions at least equal to or greater than 2 cm.
[0038] Indeed, inthe case in which the aforementioned
interception size of an object or of a body is equal to
about 2 cm, then it would also be possible to intercept
the passage of a finger of a hand and thus the monitoring
area can be arranged ever closer to the excavation bat-
tery 6 and thus occupy as little space as possible.
[0039] On the other hand, the more the areas covered
by the monitoring areas of the sensitive devices 8 are
close or adjacent or even juxtaposed, the more complex
and the greater the number of these devices to be in-
stalled will be. By arranging them radially around the ex-
cavation battery 6, at a minimum distance therefrom, the
cylindrical surface that surrounds the battery will be the
minimum possible and therefore both the number of sen-
sitive devices and the coverage and protection degree
required will be optimised consequently, with the mini-
mum possible bulk.

[0040] The sensitive devices 8 can be adjusted to read
some parameters and to intervene just when some con-
ditions have been reached. For example, when the di-
mensions of the object crossing the reading beam has a
greater size than a predetermined size. In this case, itis
preferable to install the sensitive devices 8 at a minimum
distance from the excavation battery 6, correlated at least
to the intervention time for stopping the dangerous ma-
noeuvre. Such sensitive devices 8 can be arranged side
by side at a distance such as not to exceed the preset
minimum reading distance (e.g. 4 cm or 2 cm) or they
can be adjacent or, for greater safety, have monitoring
areas at least partially juxtaposed.

[0041] Inany case, the sensitive devices 8 are, advan-
tageously, capable of detecting the presence of the op-
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erator in the dangerous area and of generating, following
such detection, a corresponding control signal, prefera-
bly of the electric type. Such a control signal is adapted
to atleast stop the excavation battery 6, so as to preserve
the safety of the operator. In detail, the control signal
drives the actuators of the rotary head 5 to immediately
stop at least the excavation battery 6 or alternatively to
at least simultaneously stop both the rotation of said ex-
cavation battery 6 and the axial sliding of the rotary head
5 along the antenna 3.

[0042] In an embodiment of the present invention, the
safety system comprises an electronic processing unit
10, for example an electronic control station or PLC. In
this case, the control signal is sent to such an electronic
processing unit 10 that is in turn configured to control at
least the stop of the rotation of the excavation battery 6
following the reception of the aforementioned control sig-
nal.

[0043] Preferably, the electronic processing unit 10
can also be configured to block the sliding of the rotary
head 5 and/or to control the emission of a sound or light
signal that warns that a violation of the dangerous area
has occurred.

[0044] Once the sensitive devices 8 have been acti-
vated, following the violation of the dangerous area, it is
possible to reactivate the movement of the excavation
battery 6 with the normal start-up procedure if itis wished
to continue drilling. Such a procedure provides that the
sensitive devices 8 are nolonger triggered, thatthey have
been reset, i.e. that the sensitive devices 8 are no longer
detecting any object and that the reset of the situation is
permitted for example through the intentional actuation
of a reset button, that the normal operating mode is se-
lected through a proper selector and that the start-up
control is actuated.

[0045] If, on the other hand, itis wished to feed or dis-
mount the drilling shafts 6 while the sensitive devices are
triggered, a limited operating mode is enabled, through
a proper dedicated mode selector (not illustrated). In
such a limited operating mode all of the manoeuvres are
properly slowed down up to values such as to eliminate
the danger and allow the inspection of the parts or the
execution of manual interventions. In order to leave the
limited operating mode and go back to the normal oper-
ating mode, i.e. the work mode, it is necessary not to
trigger the sensitive devices any longer and that they
have been reset, that the normal operating mode has
been selected through a proper selector and that the
start-up control is actuated.

[0046] Preferably, the sensitive devices 8 are arranged
so as to monitor a monitoring area that is close to the
guide antenna 3 between the clamps 7 and the rotary
head 5. Preferably, the monitoring area extends above
the upper clamp, starting from the clamp itself up to a
height of at least 2.5 m from the ground. In this case, the
signal emitters of the sensitive devices 8 can be fixed to
the guide antenna 3 at a height preferably greater than
2.5 m, whereas the corresponding receivers or reflector
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components can be fixed on to the clamps 7 or on to the
antenna 3 at the clamps 7; alternatively, the signal emit-
ters can be fixed to the guide antenna 3 at the clamps 7
and the corresponding receivers or reflector components
can be fixed to the guide antenna 3 at a height preferably
greater than 2.5 m. Emitters and receivers or reflector
components will be positioned opposite one another
close to the clamps 7 and above at the top of the mast 3.
[0047] In an alternative embodiment of the present in-
vention the sensitive devices 8 are installed on the ma-
chine 1 so that the sensitive area varies with the position
of the rotary head 5 on the antenna 3. In this case, the
signal emitters of the sensitive devices 8 are installed on
the rotary head 5 and the corresponding receivers or re-
flector components are installed on the clamps 7 or on
the antenna 3 at the clamps 7; alternatively, the signal
emitters are fixed on to the clamps 7 or on the antenna
3 at the clamps 7 and the corresponding receivers or
reflector components are fixed to the rotary head 5.
[0048] In this way, by fixing the sensitive devices 8 at
a minimum distance from the excavation battery 6 it is
possible to reduce the extension of the monitoring area
and thus allow limiting as much as possible the bulk and
bringing the antenna 3 close to walls or obstacles present
on the building site. The rotary head, having to slide along
the guide antenna 3, indeed, determines the minimum
useful distance at which to position the machine 1 with
respect to a wall or a vertical obstacle; therefore, if the
sensitive devices 8 are arranged around the periphery
ofthe rotary head 5 without projecting beyond it or limiting
as much as possible said external projection, itis possible
to generate an effective and safe protection having lim-
ited bulk. Moreover, the rotary head 5 is characterised
by hydraulic and electric supplies to control the rotation
and control some functions (like for example rotation,
temperature, proximity sensors by inversion of the rota-
tion movement), therefore the electrical supply of the
emitting part can be easily installed following the pre-
existing pipes and the guiding cable-winding for the axial
movements along the guide antenna 3. Preferably, there-
fore, the emitters and the corresponding receivers or re-
flector components of the sensitive devices 8 are mount-
ed opposite one another on the drilling machine 1, and
in particular will be installed at one end on the rotary 3
and at the other end close to the clamps 7.

[0049] In a further alternative embodiment of the
present invention, the signal emitters and the corre-
sponding receivers or reflector components of the sen-
sitive devices 8 are fixed to the guide antenna 3 in op-
posite positions, for example the emitters in the upper
part of the guide antenna 3 and the receivers in the lower
part of the guide antenna 3, in order to cover longitudinally
the greatest possible length of the guide antenna 3.
[0050] In order to avoid the sensitive devices 8 being
triggered by the projection of objects coming from the
excavation being carried out, the safety system accord-
ing to the present invention also comprises a shield 9
that is couplable with the machine 1 so as to extend in a
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substantially radial direction around the excavation bat-
tery 6 and indicatively in a direction perpendicular with
respect to the front plane of the antenna 3 so as to define
an upper area of the antenna 3, where the sensitive de-
vices 8 are intended to be applied, and a lower area of
the antenna 3 that s close to the mouth of the excavation.
[0051] The debris during the work steps tend to be pro-
jected towards the shield 9 due to the rotation and ad-
vancing energy of the excavation battery 6 or due to the
injection pressure of the excavation fluids that rise from
the hole transporting the debris, especially in tubed drill-
ing technology, down the hole hammer with use of com-
pressed air and jet grouting.

[0052] Advantageously, the shield 9 is shaped in such
a way as to stop the rise of the material projected from
the lower area to the upper area. In detail, the shield 9
is arranged to convey the excavation flow that comes out
of the hole, the possible debris or piles, the water, the
polymers or the drilling muds, directing them laterally or
making them fall close to the clamps 7 preventing them
from proceeding along their run upwards, hitting the area
where the sensitive devices 8 are installed.

[0053] Preferably, the shield 9 is concave with the con-
cavity facing the lower area.

[0054] Preferably, the shield 9 is fixed to the mast 3 or
to the clamps 7 above them at a height preferably not
greater than 200 millimetres with respect to the upper
surface of the clamps 7. The interspace generated be-
tween the shield 9 and the clamps 7 acts as a channel
in which the debris will be conveyed, in this way avoiding
hitting the area above.

[0055] In this case, the signal emitters and the receiv-
ers of the sensitive devices 8 can be arranged so that
the monitoring area is delimited by the shield 9 instead
of the clamps 7.

[0056] Preferably, the shield 9 extends starting from
the front and/or lateral surfaces of the guide antenna 3
in a direction perpendicular to the axis of the antenna 3
itselfin orderto cover atleast the area close to the clamps
or the dangerous area.

[0057] More preferably, the shield 9 extends so as to
protect the monitoring area of the sensitive devices 8 like
for example that indicated with a broken line in figure 1.
In particular, the extension of the shield 9 and its shape
define the dangerous area into which access is forbidden
to any person during the steps of excavation and in par-
ticular of rotation of the tool, especially at maximum
speed. The shield could extend radially to define a sec-
ond boundary in which second sensitive devices could
monitor a surface outer than the previous one, thus warn-
ing of the entry into a dangerous, but not yet forbidden
area, of objects or bodies. Advantageously, the upper
part of the shield 9, not exposed to dirt can be used to
fix the sensitive devices 8, or, alternatively, for some
types of signal, can be an integral part of the sensitive
devices 8, acting itself as reflector component in order
to generate the return of the signal to the emitter and thus
determine the monitoring area.
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[0058] In a first embodiment of the present invention
the shield 9 can be flat and comprises a sheet of steel or
of plastic or of rubber with a low thickness, which can
vary from a few millimeters to a few centimetres as a
function of the material of which it is made, so as to result
particularly light. The shield 9 is fixed to the antenna or
alternatively can be fixed to the body of the clamps 7.
Such attachments are preferably of the removable type,
such as bolts, in order to allow quick and easy replace-
ment of the shield 9 in case of damage. The shield 9, at
the excavation axis, has an opening 15 sufficient to allow
the passage of the drilling shafts and at the same time
sufficiently adherent to such shafts in order to prevent
the passage of debris towards the area above the shield
9. Such an opening 15 can be adjustable or modified
through interchangeable adapters in order to adapt to
the different diameters of the shafts or to the different
types of tool. Preferably, in order to block the interspace
between the shaft and the shield 9 guide and/or holding
means 13 can be provided, which are applied to the in-
ternal surface of the opening 15 of the shield 9.

[0059] Ina particularembodiment of the presentinven-
tion, the shield 9 can be made in a plurality of parts. Pref-
erably, the shield 9 can comprise two half-shields ar-
ranged symmetrically with respect to the excavation bat-
tery 6 and coupled together in a selectively releasable
manner; in this way, it is possible to decouple the half-
shields from one another when the machine is inactive
in order to allow easy cleaning of the shield itself and of
the area below that is subject to the fall of debris coming
from the shield.

[0060] In the particular embodiment of the present in-
vention illustrated in figure 3 the shield 9 can be connect-
ed to the antenna 3, for example by means of jacks 11,
so as to slide axially with respect to it and to further be
locked at different heights and in such a way allow effec-
tive positioning or leave space for cleaning and mainte-
nance to the clamps (also modulating the opening left for
the passage of excavation debris).

[0061] In the particular embodiment of the present in-
vention illustrated in figure 2 the shield 9 can have a con-
cave shape towards the base of the antenna, for example
like a cap or funnel. The concave shape allows conveying
the debris towards the base of the antenna and limiting
the area into which it will fall.

[0062] Furthermore, the shield 9 can advantageously
be equipped with borders or lateral bulkheads in order
to contain the drainage of the drilling fluids in an area
surrounding the clamps 7.

[0063] Inavariantinfig.4,the shield 9 has, onthe lower
surface, a plurality of spraying nozzles 12 with ducts that
are fed with water. Such spraying nozzles 12 can reduce
the drilling dusts and make the work environment cleaner
especially for the use of sensitive devices 8 of the optical
type. In a totally analogous manner, it is possible to con-
nect proper feeding mouths to an air suction system in
order to reduce the dusts in the area adjacent to the hole.
[0064] Inthe case in which the atleastone drilling seg-
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ment or shaft is helical 6B, as illustrated in figure 5, the
shield 9 advantageously comprises cleaning means 14
of the helix such as to make the material contained
among the turns fall and prevent it from falling and cross-
ing the monitoring area defined by the sensitive devices
8 once it has risen up.

[0065] In particular, the cleaning means 14 can be sta-
tionary, like for example blades or shares and in this case
the helix must rotate during the extraction from the hole,
or it can be stationary and flexible, like for example brush-
es or motorised elements rotating about the helix 6B and
in this case the helix may not rotate during the extraction
from the hole. The cleaning means 14 could also be ar-
ranged in an independent structure, preferably fixed,
which lies between the clamps at the bottom and the
shield at the top.

[0066] From the description that has been made the
characteristics of the safety system and of the excavation
machine object of the present invention are clear, just as
the relative advantages.

[0067] Indeed, the safety system described minimises
the possibility of undesired stops of the excavation ma-
chine in the absence of dangerous conditions, whilst at
the same time still maintaining the maximum reliability in
detecting conditions of actual danger, i.e. the presence
of an operator or other personnel in the dangerous area.
In particular, such an advantage is achieved through the
presence of the shield that separates the lower part of
the guide antenna, close to the excavation area, from the
upper part intended for the operation of the sensitive de-
vices.

[0068] Moreover, such a shield is able to stop the ma-
terial projected from the excavation area towards the ar-
ea of the sensitive devices during the work steps of the
machine. In this way, the triggering of the sensitive de-
vices can only be caused by the interception of an oper-
ator or of an obstacle intercepting the signal or the barrier
emitted by the sensitive devices.

[0069] The protection provided by the shield also al-
lows keeping the sensitive devices located above the
shield 9 clean and efficient.

[0070] The use of sensitive devices is advantageous
since they have minimum impact on the weight; in par-
ticular, such a solution is much lighter than the barriers
used in the prior art.

[0071] Inthe same way, the shield 9 also has a limited
weight. This translates into greater stability, into better
performance and into greater manoeuvrability of the ma-
chine.

[0072] Moreover, both the sensitive devices and the
shield do not increase the bulk of the machine, ensuring
excellent accessibility of the machine to areas close to
walls or edges.

[0073] The shield, being in a lowered position, prefer-
ably no more than 200 millimetres above the clamps,
does not hinder the loading of the shafts because it does
notincrease the loading height with respect to the ground.
Moreover, such positioning does not reduce the actual
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stroke of the rotary head since the shield is in an area
not reachable by the rotary head itself.

[0074] The safety system, thanks to the use of the sen-
sitive devices, maintains its efficiency also during the
work steps carried out with antenna inclined frontally or
laterally and also when it is arranged horizontally. In all
these configurations, the devices have a monitoring area
that delimits the dangerous area around the guide an-
tenna and in particular such a monitoring area can extend
longitudinally to the mast for its entire length.

[0075] Theareathatsurroundsthe shaftsremainsfree,
i.e. without solid shields or protective cages. Conse-
quently, when the machine is inactive, and the sensitive
devices are turned off, the area of the shafts remains
easily accessible for inspection and maintenance. Differ-
ently, in known systems that adopt fixed or movable bar-
riers, they represent an obstacle to inspection and main-
tenance even when the machine is inactive.

[0076] Finally, itis clear that the safety system and the
excavation machine thus conceived can undergo numer-
ous modifications and variants, all of which are covered
by the invention; moreover, all of the details can be re-
placed with technically equivalent elements. In practice,
the materials used, as well as the sizes, can be whatever
according to the technical requirements.

Claims

1. Safety system for controlling a dangerous area of an
excavation machine (1) provided with a guide anten-
na (3), a rotary head (5) coupled in a sliding manner
on said guide antenna (3) and arranged for support-
ing and moving an excavation battery (6), said safety
system comprising:

- a shield (9) coupable to said machine (1) so
as to extend in a substantially radial direction
around said excavation battery (6) defining an
upper area of said guide antenna (3) and a lower
area of said guide antenna (3) where the exca-
vation occurs,

said safety system being characterized in that
said shield (9) is shaped so as to stop the raising
of the material projected from said lower area
towards said upper area, said safety system
comprising a plurality of sensitive devices (8)
intended to be positioned in said upper area and
configured for generating a monitoring area, for
detecting the presence and/or the passage of a
body in said monitoring area and for generating,
following such detection, a corresponding con-
trol signal adapted to at least stop the rotation
of said excavation battery (6), said sensitive de-
vices (8) being arranged on said machine (1) so
that said monitoring area at least partially com-
prises said dangerous area.
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2. Safety system according to claim 1 wherein said
shield (9) is concave with the concavity facing said
lower area.

3. Safety system according to claim 1 or 2 wherein said
shield (9) is provided with a plurality of water spraying
nozzles (12) for reducing the drilling dusts.

4. Safety system according to one of the preceding
claims wherein said shield (9) is provided with bor-
ders or lateral bulkheads to keep the drainage of the
drilling fluids in said lower area.

5. Safety system according to one of the preceding
claims wherein said shield (9) is made of a plurality
of parts.

6. Safety system according to claim 5 wherein said
shield (9) comprises two half-shields arranged sym-
metrically with respect to said excavation battery (6)
and coupled to each other in a selectively releasable
manner.

7. Safety system according to one of the preceding
claims wherein said shield (9) is connectable to said
antenna guide (3) so as to be axially slidable with
respect to said antenna (3) and to be subsequently
lockable at different heights.

8. Safety system according to one of the preceding
claims wherein said control signal is capable of guid-
ing said rotary head (5) to at least simultaneously
stop the rotation of said excavation battery (6) and
the axial sliding of said rotary head (5) along said
guide antenna (3).

9. Safety system according to one of the preceding
claims comprising an electronic processing unit con-
figured for controlling at least the rotary stop of said
excavation battery (6).

10. Safety system according to claim 9 wherein said
electronic processing unit is also configured for
blocking the sliding of said rotary head (5) along said
guide antenna (3), and/or for controlling the emission
of a sound or light signal.

11. Excavation machine (1) comprising:

- a guide antenna (3);

- a rotary head (5) coupled in a sliding manner
on said guide antenna (3);

- an excavation battery (6) coupled to said rotary
head (5), said rotary head (5) being arranged to
support and move said excavation battery (6);
- a safety system according to one of the pre-
ceding claims.
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Excavation machine (1) according to claim 11 where-
in said sensitive devices (8) are arranged side by
side so as to be able to intercept an object or a body
with dimensions at least equal to or greater than 2
cm.

Excavation machine (1) according to claim 11 or 12
wherein said shield (9) is fixed to said antenna (3).

Excavation machine (1) according to one of claims
11 to 13 wherein said guide antenna (3) is provided
with at least one pair of clamps (7) and said shield
(9) is fixed to said at least one pair of clamps (7)
above them.

Excavation machine (1) according to one of claims
11 to 13 wherein said sensitive devices (8) are fixed
to said guide antenna (3).

Excavation machine (1) according to one of claims
11 to 15 wherein said sensitive devices (8) are in-
stalled on said machine (1) so that the extension of
said monitoring area varies according to the position
of said rotary head (5) with respect to said antenna

3).

Excavation machine (1) according to claim 16 where-
in each of said sensitive devices (8) comprises a
signal emitter and a corresponding receiver or re-
flector component, which are mounted opposite
each other at an end on the rotary head (5) and at
the other end close to the clamps (7).

Excavation machine (1) according to any of the pre-
ceding claims wherein said shield (9) is an integral
part of the sensitive devices (8), operating as a re-
flector component.
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