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Description

Technical field

[0001] The invention relates to a system for detecting
at least one mechanical locking position of a drill string
in a soil drilling machine, and to a relative detecting meth-
od.

Technological background

[0002] When carrying out foundation and soil consoli-
dation drilling, soil drilling machines are used, which usu-
ally are self-moving.
[0003] The aforesaid type of machines typically has a
self-moving structure provided with a frame on support
wheels or tracks, lifting winches for drilling accessories,
and a rotary turret on a fifth wheel coupled to the support
tracks and comprising a cabin as well as control acces-
sories. The rotary turret is usually provided with a power
assembly, for example a heat engine or an electric motor,
for the cabin, for the control accessories and, typically,
for the lifting winches.
[0004] This type of machine (see for example docu-
ment WO 2011/012967A1) usually comprises a mast
provided with sliding guides where a rotary slides linearly
translates, said rotary being associated with the drilling
accessories of the machine, for example a drill string or
a drilling tool. The rotary, in particular, receives power,
for example hydraulic power or electric power, from the
power assembly and turns it into a rotary movement
adapted to move the drilling tools.
[0005] The mast is commonly delimited, at the top, by
a head comprising a plurality of pulleys for one or more
ropes, through which the lifting winches located on the
turret lift or lower the drilling accessories. The latter usu-
ally are unconstrained in an axial direction, but not in a
radial direction, relative to the rotary, which is provided
with an independent lifting/lowering system.
[0006] In case large drilling depths are requested, the
typically used technical solution is that of applying the
drilling tools to a telescopic drill string containing tele-
scopic kelly rods. More in detail, said drill string usually
comprises a plurality of kelly rods having a decreasing
cross-section and capable of axially sliding inside one
another. These kelly rods are structured so as to transmit
the rotary motion and the pushing forces, needed to move
forward, to one another. When they are installed in the
machine, said kelly rods cross the rotary.
[0007] Strings of telescopic kelly rods are usually di-
vided into two types: friction kelly rods and mechanical
locking kelly rods.
[0008] In friction kelly rods, the torque is usually trans-
mitted between the kelly rods by means of engaging or-
gans, for example longitudinal strips welded along the
elements making up the kelly rod, both on the inside and
on the outside, so that they can engage one another.
Therefore, the transmission of the axial thrust between

the kelly rods takes place by means of the friction be-
tween the strips generated in the presence of torque.
[0009] The rotary, then, has a coupling sleeve which
is also provided with engaging means, such as a plurality
of inner strips adapted to engage corresponding outer
strips of the most external kelly rod of the drill string. In
this way, the most external kelly rod of the drill string
receives the rotary motion from the rotary through the
engagement between the strips of the sleeve and the
outer strips of the kelly rod, whereas the transmission of
the axial thrust takes place through the friction between
the strips of the sleeve and the ones of the most external
kelly rod, which is generated in the presence of applied
torque. In the absence of applied torque, the kelly rods
can axially slide relative to one another and the entire
drill string can slide relative to the rotary and is moved
by a proper flexible element, preferably a cable.
[0010] A drawback arising from the use of friction kelly
rods lies in the fact that the transmission of thrust from a
kelly rod to the other exclusively takes place through the
friction between engaging means, such as strips; there-
fore, the applicable thrust is only the one allowed by the
friction that can be generated. If the thrust limit value is
exceeded, the friction is not sufficient any longer and
there is a mutual axial sliding between the kelly rods, so
that this thrust cannot be unloaded onto the drilling tool.
[0011] Also due to the drawback described above,
when drilling operations must be carried out in soils hav-
ing hard layers, rocks or pebble, it is preferable to use
strings of mechanical locking telescopic kelly rods.
[0012] An example of mechanical locking kelly rods
will now be described with reference to figures 1A and
1B and with reference to the soil drilling machine where
these kelly rods can be installed, which is shown in figures
2A and 2B.
[0013] Figures 2A and 2B show, in particular, a drill
string 20 comprising plurality of telescopic kelly rods 20A,
20B, 20C.
[0014] More specifically, figure 1A shows a first kelly
rod 20A (outer kelly rod), which has the greatest diameter
in the entire drill string 20 to which said kelly rod belongs.
Figure 1B, on the other hand, shows the last kelly rod
20C (inner kelly rod), which has the smallest diameter in
the entire drill string 20 to which said kelly rod belongs.
[0015] According to figures 2A and 2B, drill string 20
further comprises an intermediate kelly rod 20B, which
can telescopically slide inside outer kelly rod 20A and in
which, in turn, the intermediate kelly rod 20C can tele-
scopically slide. In any case, the drill string can comprise
any number of further intermediate kelly rods arranged
inside one another.
[0016] Anyway, the number of kelly rods can range
from a minimum of two (hence, the sole outer kelly rod
20A and inner kelly rod 20C, which, in this case, can slide
relative to one another without the interposition of one or
more intermediate kelly rods 20B) to a maximum number
which depends on the diameter of the outer kelly rod 20A,
but - in the prior art - usually is not greater than ten.
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[0017] With reference to the mechanical locking kelly
rod 20A of figure 1A, on the outer surface of the tubular
body of the kelly rod there are longitudinal strips 21A,
which extend over the entire length of the body. These
strips 21A can be multiple and equally spaced apart from
one another along the outer circumference of the kelly
rod, in a number depending on the diameter of the kelly
rod. Each strip 21A has, in the area of the top of the kelly
rod, an engagement portion, for example an upper recess
22A, and has, in an intermediate portion of its length, a
further engagement portion, for example an intermediate
recess 23A. In any case, each strip can also have further
engagement portions (for example recesses that are sim-
ilar to the ones described above), which are obtained on
it in different axial positions. Alternatively, each strip can
also have one single engagement portion (such as a re-
cess that is similar to the ones described above). Clearly,
the engagement portions can also be located on the outer
kelly rod 20A in positions that are different from the ones
described and disclosed herein.
[0018] The aforesaid recesses 22A, 23A make up
seats with a substantially rectangular shape where inter-
locking portions can be engaged, for example the strips
(not shown) of the sleeve of rotary 10, thus remaining
axially locked therein. By so doing, the strips of the sleeve
of rotary 10 can transmit to kelly rod 20A both the torque,
by means of a contact of the side of the strips of the
sleeve with strips 21A, and the thrust, by means of a
mechanical abutment striking between the base of the
strips of the sleeve and the pushing surface in the lower
part of recesses 22A. When the inner strips of the sleeve
of rotary 10 are engaged in the seats created by recesses
22A of the outer kelly rod 20A, the latter is axially con-
strained to rotary 10. Through a rotation of the sleeve of
the rotary in an opposite direction, on the other hand, the
strips of the sleeve of rotary 10 can be disengaged from
the seats created by recesses 22A of the outer kelly rod
20A, thus allowing kelly rod 22A to slide relative to the
rotary.
[0019] At the upper end of the outer kelly rod 20A there
is an upper abutment flange 24A, which has a greater
diameter than the tubular body of the outer kelly rod 20A
and acts as a limit stop, thus stopping the sliding of the
outer kelly rod 20A relative to the sleeve in which the
outer kelly rod 20A is inserted. For the transmission of
torque and thrust between the outer kelly rod 20A and
the intermediate kelly rod 20B, the principle basically is
the same: at the lower end of the outer kelly rod 20A
there is a sleeve 25A with interlocking portions, for ex-
ample projections, in particular strips 26A facing inwards,
which can be coupled to complementary engagement
portions 22B, 23B of the intermediate kelly rod 20B.
These strips 26A usually have a length that is much small-
er than the one of the outer kelly rod 20A and, in particular,
they have a length that is slightly smaller than the one of
engagement portions, for example recesses where they
can be engaged, and, therefore, they are adapted to be
engaged in recesses of the second kelly rod 20B.

[0020] The intermediate kelly rod 20B and the inner
kelly rod 20C making up drill string 20 all have a geometry
that is substantially similar to the one of the outer kelly
rod 20A and, therefore, these features will not be de-
scribed in detail and reference is made to the description
above. In particular, the intermediate kelly rod 20B and
the inner kelly rod 20C also have outer longitudinal strips
21B, 21C, an upper abutment flange 24B, 24C, engage-
ment portions (for example, an upper recess 22B and an
intermediate recess 23B located on the intermediate kelly
rod 20B and, respectively, an upper recess 22C and an
intermediate recess 23C located on the inner kelly rod
20C), lower sleeves 25B, 25C provided with respective
interlocking portions (for example, the inner strips 26B,
26C) complementary to the engagement portions.
[0021] Unlike the other kelly rods 20A, 20B of drill string
20, the inner kelly rod 20C (namely, the most internal
one) is advantageously provided with a recovery flange
27C, which is constrained to the lower part of the body
of the kelly rod. All the most external kelly rods 20A, 20B
rest on the recovery flange 27C when they are in an un-
locked condition, namely when they are axially uncon-
strained. At the top of the inner kelly rod there is an upper
hooking terminal 28C for a kelly rod supporting and mov-
ing rope, which is connected, for example, through the
interposition of a rotary joint. At the lower end of the inner
kelly rod 20C there is a connection terminal, which allows
a drilling tool 15 to be connected to the kelly rod 20C.
[0022] As already mentioned above, the known soil
drilling machine 100 uses a drill string 20 of mechanical
locking kelly rods described above.
[0023] Machine 100 is provided with a kinematic mech-
anism 2, preferably shaped like a parallelogram, for mov-
ing a mast 5 relative to a turret 3, which is mounted in a
rotary manner on a self-moving carriage 4. Turret 3 com-
prises a control cabin for the operator. The operation of
kinematic mechanism 2 allows mast 5 to be moved both
in order to adjust the drilling height relative to the center
of the fifth wheel and in order to adjust the inclination
relative to the ground level. These movements are also
made possible by an articulated joint 6, such as a uni-
versal joint, interposed between mast 5 and kinematic
mechanism 2. On mast 5 there is located a rotary 10,
which is provided with a known pulling-pushing system
11. A telescopic drill string 20 is arranged through rotary
10 so as to receive torque and thrust from rotary 10.
[0024] Telescopic drill string 20 is guided, in the lower
part, by the sleeve of rotary 10 and, preferably also in
the upper part, by a rod-guiding head 13. A drilling tool
15, which can consist, for example, of a bucket or helical
drill, is fixed to the lower end of the inner kelly rod 20C
of drill string 20, so that it can receive torque and thrust
from said inner kelly rod 20C.
[0025] Telescopic drill string 20 is moved by means of
a winch 8, also known as main winch, which is supported
by turret 3 of machine 100 and is configured to permit
the winding or unwinding of a pulling element 9, for ex-
ample a rope, which is fixed to winch 8 and, after having
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been turned on head 7 of the mast, is constrained to the
most internal kelly rod of drill string 20. In particular, the
connection between rope 9 and the inner kelly rod 20C
takes place through the interposition of a known rotary
joint 14. Rotary joint 14 fulfills the function of forbidding
the transmission of torque between the inner kelly rod
20C and rope 9 of winch 8, thus preventing the rope from
being dragged in rotation by the rotary motion of kelly
rods 20A, 20B and 20C, hence allowing the rope not to
twist.
[0026] Figure 2A shows machine 100 in a condition in
which it is in position in the drilling spot with drill string
20 in a completely retracted condition, namely with the
minimum length and completely lifted relative to rotary
10. In this condition, the entire drill string 20 hangs on
rope 9 and is axially unconstrained relative to rotary 10.
In particular, the most internal inner kelly rod 20C is con-
strained to rope 9 and hangs from said rope, whereas
the other kelly rods 20A, 20B rest, due to gravity, on the
rod recovery flange 27C, which is located at the lower
end of inner kelly rod 20C.
[0027] Rod recovery flange 27C is integral to the inner
kelly rod 20C and has a diameter that is at least equal to
the diameter of the outer kelly rod 20A, so that all remain-
ing kelly rods 20A and 20B of drill string 20 rest on the
flange, without being capable of sliding downward.
[0028] Said plurality of kelly rods 20A, 20B, 20C is di-
vided into a plurality of kelly rods sliding adjacent to one
another, in particular:

- a first pair of telescopic kelly rods, which can axially
slide inside one another; in this case, said first pair
consists of the outer kelly rod 20A and the second
kelly rod 20B, and

- a second pair of telescopic kelly rods, which can ax-
ially slide inside one another; in this case, said sec-
ond pair consists of the second kelly rod 20B and
the third kelly rod 20C.

[0029] In the condition of figure 2A, each kelly rod 20A,
20B has its own interlocking portions, for example ar-
ranged on the respective lower sleeve 25A, 25B, which
are coupled to the engagement portions of the kelly rod
sliding next to it, hence the one arranged immediately on
the inside, for example on the respective outer strips 21B,
21C.
[0030] Therefore, all kelly rods 20A, 20B, 20C are in a
coupled condition and can transmit torque to one anoth-
er. In order to start drilling, starting from the condition of
figure 2A, drill string 20 is moved downward by unwinding
rope 9 through the activation of winch 8. During this down-
ward movement, drill string 20 axially slides inside the
sleeve of rotary 10, until drilling tool 15 rests on the
ground.
[0031] At this point, by operating the motors of rotary
10, a rotation can be applied to drill string 20 with a de-
sired rotation speed and a desired torque, in a predeter-
mined drilling direction, so that drilling tool 15 starts drill-

ing the soil moving downward thanks to the weight of
kelly rods 20A, 20B, 20C weighing upon it, which can
slide relative to rotary 10. In case a further thrust needs
to be applied to the drilling tool, the operator can have
rotary 10 to slide along mast 5, so that rotary 10 also
slides relative to drill string 20, which will rest on the bot-
tom of the drilling site, until rotary 10 reaches a recess
23A in an intermediate position of the outer kelly rod 20A.
[0032] In this situation, by applying a rotation to the
sleeve of rotary 10 in the drilling direction, the interlocking
portions of the sleeve of rotary 10 engage intermediate
recess 23A of the outer kelly rod.
[0033] Subsequently, by moving rotary 10 downward
by means of pulling-pushing system 11, the strips of the
sleeve of rotary 10 strike against the corresponding push-
ing surface of recess 23A of the outer kelly rod 20A. By
so doing, a thrust is transmitted from rotary 10 to kelly
rods 20A, 20B, 20C and to drilling tool 15 and, in this
condition, drill string 20 slides downward in an integral
manner with the sliding movement of rotary 10.
[0034] The aforesaid coupling of the interlocking por-
tions or strips of the sleeve of rotary 10 to the engagement
portions or recesses 23A of the outer kelly rod 20A is
fairly simple to be obtained by the operator, as at least
recesses 23A of the outer kelly rod are exposed and are
visible from the controlling position.
[0035] When the movement of rotary 10 has caused
drill string 20 to move forward to an extent that is sufficient
to fill drilling tool 15, the sleeve of rotary 10 needs to be
rotated in an opposite direction relative to the drilling di-
rection, keeping tool 15 resting on the ground of the drill-
ing site. In this way, the sleeve of rotary 10 is caused
rotate relative to kelly rods 20A, 20B, 20C and the strips
of the sleeve disengage recess 23A of the outer kelly rod
20A. Besides axially unconstraining kelly rods 20A, 20B,
20C relative to rotary 10, at the same time, kelly rods
20A, 20B, 20C are brought to a decoupled condition rel-
ative to one another, in which they are axially uncon-
strained from one another and are not capable of trans-
mitting a thrust downward to drilling tool 15.
[0036] When winch 8 is subsequently activated, rope
9 is rewound so as to cause the kelly rods to be lifted,
dragged by rod recovery flange 27C of the inner kelly
rod, until tool 15 gets out of the drilling site, thus allowing
the soil enclosed in the tool to be discharged.
[0037] Once tool 15 has been discharged, it is moved
again to the bottom of the drilling site and the operations
described above are repeated in order to apply a new
thrust to the tool. When rotary 10 reaches the lower limit
stop position along mast 5, no thrust can be applied any
longer to drill string 20 by pressing intermediate recess
23A. Therefore, the operator will have to disengage the
strips of the sleeve of rotary 10 from the intermediate
recess 23A of the outer kelly rod 20A and have rotary 10
slide upward. At the same time, kelly rods 20A, 20B, 20C
remain still, resting on the bottom of the drilling site, until
rotary 10 reaches the upper recess 22A of the outer kelly
rod 20A. In this condition, the upper flange 24A of the
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outer kelly rod 20A, which has a larger diameter than the
kelly rod, strikes against a suitable abutment portion of
rotary 10.
[0038] By applying a rotation of the sleeve of rotary 10
in the drilling direction, the strips of the sleeve of rotary
10 engage the upper recess 22A of the outer kelly rod.
At this point, by moving rotary 10 downward by means
of pulling-pushing system 11, the strips of the sleeve of
rotary 10 strike against the corresponding pushing sur-
face of recess 22A of the outer kelly rod 20A. By so doing,
a thrust is transmitted from rotary 10 to kelly rods 20A,
20B, 20C and, in this condition, drill string 20 slides down-
ward in an integral manner with the sliding movement of
rotary 10.
[0039] Then, all the tool drilling and discharging oper-
ations described above can be repeated.
[0040] Moving on with the drilling procedure, when the
depth reached is greater than the length of the outer kelly
rod 20A, the condition shown in figure 2B occurs.
[0041] In particular, in figure 2B, the outer kelly rod 20A
is in the lowest position relative to rotary 10, as the outer
kelly rod 20A has crossed rotary 10, reaching the lower
limit stop position, which means that the upper flange
24A of the outer kelly rod 20A strikes against the abut-
ment surface of rotary 10. Hence, the outer kelly rod 20A
does not hang any longer from rope 9, but now all its
weight is directly borne by rotary 10, which means that
it is supported by pulling-pushing system 11 of rotary 10.
Therefore, in this case, drill string 20 is only partly sup-
ported (outer kelly rod 20a) by rotary 10.
[0042] The inner strips of the sleeve of rotary 10 are
then in the area of the upper recesses 22A of the outer
kelly rod 20A and they keep this position as long as the
outer kelly rod 20A is completely lowered. Hence, the
outer kelly rod 20A has reached the completely lowered
position relative to rotary 10. In this situation, the strips
of all kelly rods 20A, 20B, 20C are disengaged from the
respective recesses by means of rotation of the sleeve
of rotary 10 in a direction that is opposite to the drilling
direction. Furthermore, if rope 9 is further unwound from
winch 8, the outer kelly rod 20A remains still relative to
rotary 10, as it is supported by rotary 10 itself. On the
other hand, if rope 9 is unwound, the intermediate kelly
rod 20B and the inner kelly rod 20C keep moving down-
ward sliding relative to rotary 10 and relative to the outer
kelly rod 20A. The intermediate kelly rod 20B and the
inner kelly rod 20C are supported by recovery flange 27C,
which, in turn, is supported by rope 9, as it is arranged
on the inner kelly rod 20C.
[0043] According to figure 1B, when tool 15 reaches
the bottom of the drilling site, it can happen that the in-
termediate kelly rod 20B partially slides out of the outer
kelly rod 20A. In this situation, the lower sleeve 25A and
its inner strips 26A are in an intermediate position be-
tween the upper recess 22B and an intermediate recess
23B. In this situation, if the operator of the machine wants
to apply a thrust to tool 15, he/she needs to make rotary
10 and the outer kelly rod 20A integral thereto slide until

they reach one of the two possible mechanical locking
positions, in which the lower sleeve 25A and its inner
strips 26A of the outer kelly rod 20A are aligned in the
area either of the intermediate recess 23B or of the upper
recess 22B (not shown) of the second kelly rod 20B.
[0044] Once one of these mechanical locking positions
is reached, by applying a rotation in the drilling direction
to the sleeve of rotary 10, the strips of the sleeve of the
rotary engage the upper recess 22A of the outer kelly rod
20A and, simultaneously, the inner strips 26A of the outer
kelly rod 20A engage one of recesses 22B or 23B of the
intermediate kelly rod 20B. In this condition, a downward
thrust of rotary 10 is transmitted both to the outer kelly
rod 20A and to the intermediate kelly rod 20B by means
of the interlocking of the strips in the respective recesses,
then the second kelly rod 20B, by resting on the rod re-
covery flange 27C of the inner kelly rod 20C can transmit
the thrust to the inner kelly rod 20C and to tool 15.
[0045] However, this type of soil drilling machine is af-
fected by some drawbacks.
[0046] With reference, again, to the drilling condition
shown in figure 2B, the moving maneuver of rotary 10
and of the outer kelly rod 20A integral thereto, until the
lower sleeve 25A and its inner strips 26A of the outer
kelly rod 20A are aligned in the area either of the inter-
mediate recess 23B or of the upper recess 22B (not
shown in the figure) of the second kelly rod 20B, is fairly
complicated for the operator of machine 100.
[0047] The complexity of the maneuver is mainly due
to the fact that both sleeve 25A and recesses 23B and
22B are not visible to the operator sitting in the cabin, as
they are inside the drilling site. In order to make this
maneuver, expert operators, at first, apply to drill string
20 a small torque in the drilling direction, which is much
smaller than the maximum one that can be generated by
the rotary and is sufficient to cause inner strips 26A of
sleeve 25A to strike against the longitudinal outer strips
21B of the intermediate kelly rod 20B. After that, the op-
erator, always keeping a small torque applied, operates
pulling-pushing system 11, causing rotary 10 and outer
kelly rod 20A to slide upward or downward, so that inner
strips 26A of the outer kelly rod get close either to upper
recess 22B or to intermediate recess 23B of intermediate
kelly rod 20B. Inner strips 26A, which, at first, rest with
their entire length on outer strips 21B, by sliding will end
up having only part of their length in contact with strips
21B, as the remaining part overlaps a recess 22B or 23B.
This contact part gets smaller and smeller, increasing
the specific pressure in said contact part of the inner strip.
If the applied torque is small, this pressure remains within
limits allowed by the material of the strips and does not
cause damages. When the sliding of outer kelly rod 20A
is sufficient to cause strips 26A to completely face one
of the recesses of the second kelly rod, these strips get
into the recesses and are coupled to them. An expert
operator is capable of perceiving when the inner strips
get into the recesses, usually because of the rotation,
the vibrations or the noise generated by them. Once
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he/she has perceived the engagement of the strips in the
recesses, the operator goes on applying a greater torque
to the kelly rods and also applying a thrust to the kelly
rods. All the maneuvers described above must be repeat-
ed once the depth of the drilling exceeds the length of
the first two kelly rods 20A and 20B and, hence, the first
two kelly rods are moved in an integral manner with rotary
10 in order to try and find the interlocking positions on
the following kelly rod 20C.
[0048] Therefore, a drawback of this technology lies in
the fact that the detection of the correct mutual interlock-
ing of the strips and the correctness of the sequence of
maneuvers necessary for this interlocking only depend
on the experience of the operator. A scarcely expert op-
erator, starting from the condition of figure 2B, could
choose to apply, from the very beginning, the maximum
torque of the rotary while he/she makes both rotary 10
and outer kelly rod 20A slide in the search for a corre-
spondence with the recesses of the second kelly rod 20B.
As already mentioned above, during this maneuver the
inner strips end up in a partial contact condition and, if
the applied torque is too high, specific contact pressures
can exceed the admissible limits, thus generating plastic
deformations of the strips and wear of the corners of the
recesses, which are so rounded, causing an excessive
wear of the kelly rods and leading to a loss of efficiency
of the locking system, which can make the mutual inter-
locking of the kelly rods impossible or not very safe. Fur-
thermore, the problem of having to correctly aligning the
kelly rods, so that the strips end up in the area of the
recesses, can arise again with every tool loading and
discharging cycle. As a matter of fact, assuming to start
from a condition in which the inner strips of a kelly rod
are coupled to the intermediate recesses of the following
kelly rod, once tool 15 has been pushed until it has
reached its filling, the tool has to be removed from the
drilling site by winding rope 9 on winch 8, moving the
entire drill string back to the minimum length contracted
condition, in order to then empty the tool on the outside
of the drilling site and subsequently lower again the tool
up to the bottom of the drilling site by unwinding rope 9
and extending the kelly rods. If, during the tool lifting,
discharging and lowering phases, the operator has never
had rotary 10 slid relative to mast 6, then the kelly rods
are still correctly aligned so as to allow the inner strips
and the intermediate pockets to be interlocked. If, on the
other hand, the operator has moved rotary 10, leaving it
in a position different from the one it had at the end of
the previous drilling cycle, there is a misalignment be-
tween all the kelly rods that have completely slid out,
which will be moved in an integral manner with rotary 10
relative to the bottom of the drilling site, and the kelly rods
that have partially slid out, which will rest again on the
bottom of the drilling site keeping the previous position.
This misalignment means that the kelly rods are not any
longer in the correct mutual axial condition permitting
their interlocking and, therefore, the operator has to try
and find, again, the position of the recesses that enables

the insertion of the inner strips.
[0049] It is evident that these maneuvers require down-
times, which reduce the productivity of the drilling proc-
ess. The search for the correct position of the kelly rods
relative to the recesses becomes particularly complicat-
ed when pulling-pushing system 11 is of the type having
a winch, as, in this solution, it is not possible to use fixed
reference positions of rotary 10, which, in case of a pull-
ing-pushing system with a cylinder, could be the top and
bottom limit stop positions of the moving cylinder of rotary
10.

Summary of the invention

[0050] In particular, an object of the invention is to re-
lieve the operator of the load of all those complicated and
dangerous maneuvers described above with reference
to the prior art, by means of a system that gives the op-
erator precise indications on the correct mutual position
of the kelly rods during the strip interlocking phases to
be carried out when dealing with mechanical locking kelly
rods, thus obtaining a use simplification and a greater
productivity of the drilling machine, which increase the
amount of time elapsing from one maintenance to the
following one.
[0051] Then, there is advantageously the possibility of
signaling, for example by showing it to the operator, the
mutual position of the strips and of the recesses of the
kelly rods that must be mechanically locked. This makes
the work of the operator much easier, as he/she can me-
chanically lock the kelly rods more quickly and with a
greater precision, thus increasing the productivity of the
drilling process and reducing the wear of the kelly rods
and of the machine.

Brief description of the drawings

[0052]

Figure 1A is a perspective view of an outer kelly rod
according to the prior art and belonging to a drill string
of a soil drilling machine.
Figure 1B is a perspective view of an inner kelly rod
according to the prior art and belonging to a drill string
of a soil drilling machine.
Figure 2A is a side elevation view of a soil drilling
machine according to the prior art and comprising a
drill string including the kelly rods shown in figure 1A
and in figure 1B.
Figure 2B is a view similar to the one of figure 2A,
wherein the machine is shown in a different operating
condition.
Figure 3A is a side elevation view of a soil drilling
machine provided with a system for detecting a plu-
rality of mechanical locking positions of a drill string,
wherein the system is structured according to an ex-
planatory embodiment of the invention.
Figure 3B is a view similar to the one of figure 3A,
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wherein the machine is shown in a different operating
condition.
Figure 4 is a schematic representation through block
diagrams of a system for detecting a plurality of me-
chanical locking positions of a drill string in a soil
drilling machine, wherein such system is structured
according to an explanatory embodiment of the in-
vention.

Detailed description of the invention

[0053] With reference to figures 3A and 3B, number 1
indicates, as a whole, a soil drilling machine.
[0054] Details and elements that are similar to - or fulfill
a similar function as - the ones of the known drilling ma-
chine, which is indicated with number 100 and was pre-
viously described with reference to figures 1A, 1B, 2A
and 2B, are associated with the same alphanumeric ref-
erences. Therefore, for the sake of brevity, for machine
1 according to the invention reference is made to the
description above concerning prior art machine 100,
which is considered as part of the following detailed de-
scription.
[0055] Unlike machine 100 described above, machine
1 according to the invention is provided with a system for
detecting at least one mechanical locking position of drill
string 20, said system being manufactured according to
an explanatory embodiment of the invention.
[0056] With reference in particular to figure 4, the sys-
tem comprises a sensor apparatus S, which is configured
to detect and provide:

- first data D1 indicating the position assumed by the
top of drill string 20, in particular by the top of inner
kelly rod 20A, and

- second data D2 indicating the position assumed by
the bottom of drill string 20, in particular by the bottom
of inner kelly rod 20C to which drilling toll 15 is to be
fixed.

[0057] The system further comprises a control unit 31,
which is configured to calculate an estimated length L20
of drill string 20 based on the first data D1 and the second
data D2 detected by sensor apparatus S. In the embod-
iment shown, control unit 31 is configured to calculate
the distance between the top of drill string 20 and the
bottom of the drill string.
[0058] Furthermore, control unit 31 is configured to
compare estimated length L20 with one or more refer-
ence length values. In particular, each one of the refer-
ence length values corresponds to a length assumed by
drill string 20, in which a respective pair of the kelly rods
(namely, in the embodiment shown, the first pair 20A,
20B or the second pair 20B, 20C) is in a mechanical
locking position (in which the engagement portion - e.g.
the recesses - of the kelly rod of the aforesaid pair of kelly
rods having the smallest diameter and the interlocking
portion - e.g. the strings - of the kelly rod of the aforesaid

pair of kelly rods having the largest diameter can be
moved from the decoupled condition to the coupled con-
dition).
[0059] Furthermore, the system comprises a signaling
apparatus 34, which is configured to signal when esti-
mated length L20 corresponds to a reference length val-
ue.
[0060] In this way, given the signal provided by sign-
aling apparatus 34, an operator controlling machine 1 is
aware of the fact that a pair of kelly rods (namely, in the
embodiment shown, the first pair 20A, 20B or the second
pair 20B, 20C) is in the respective mechanical locking
position. In the way, the operator is capable of moving
the kelly rods from the decoupled condition to the coupled
condition, causing rotary 10 to make a rotation in the
drilling direction.
[0061] Preferably, sensor apparatus S comprises a
first sensor 35, which is configured to detect a first infor-
mation representing the position assumed by rotary 10
along mast 5. Furthermore, the sensor apparatus com-
prises a second sensor 33, which is configured to detect
a second information representing the fact that drill string
20 is at least partly supported by rotary 10. Operatively,
when the second sensor 33 detects that drill string 20 is
at least partly supported by rotary 10, control unit 31 uses
the first information representing the position assumed
by rotary 10 along mast 5 as data D1 indicating the po-
sition assumed by the top of drill string 20. Indeed, in this
case, the position of rotary 10 is substantially comparable
with the position assumed by the top of drill string 20,
namely by the top of outer kelly rod 20A.
[0062] Preferably, the first sensor 35 is configured to
detect the axial position of rotary 10 along mast 5, in
particular relative to an end of mast 5 or of head 7.
[0063] For example, the first sensor 35 is a laser dis-
tance measurer. Preferably, the laser distance measurer
is installed in a fixed position at an end of mast 5 or on
head 7. In case a laser sensor is used, it is preferably
installed at a height above the upper limit stop position
of rotary 10 along mast 5 or at a height below the lower
limit stop position of rotary 10 along mast 5.
[0064] In the embodiment shown in figures 3A and 3B,
the first sensor 35 is installed on head 7 and is oriented
so as to emit a laser beam directed towards the body of
rotary 10 and, in particular, to a proper target surface
present on rotary 10, which, for example, can be a re-
flecting surface. In this way, the first sensor 35 can meas-
ure all the translation movements of rotary 10 relative to
a zero reference height, which can be set during the cal-
ibration and the zero setting of the sensor. For example,
the zero height can be referred to the upper end of mast
5, as shown in figure 3A and 3B, but, in an equivalent
manner, it can relate to the lower end of mast 5 or to one
of the limit stop positions of rotary 10 along mast 5. An-
yway, different constructive variants are possible, which
use different types of first sensor 35 to measure the po-
sition of rotary 10. For example, the first sensor 35 can
be a wire sensor, in which the end of the wire is connected
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to the body of the rotary so that the wire is wound and
unwound from the sensor based on the movement of the
rotary.
[0065] In further embodiments, in case of a machine 1
with a pulling-pushing system 11 having a hydraulic cyl-
inder, the first sensor 35 can be a sensor of the stroke
of the rod of the cylinder, which moves rotary 10.
[0066] In further embodiments, in case of a machine 1
with a winch pulling-pushing system 11, the first sensor
35 can be an encoder installed on the winch of pulling-
pushing system 11, which measures the rotations of the
winch in order to determine the movements of rotary 10.
[0067] However, the use of a first laser sensor 35 is
anyway preferable because it ensures a greater precision
and can be used in the same manner both in cylinder
pulling-pushing machines and in winch pulling-pushing
machines.
[0068] As already mentioned above, the values meas-
ured by the first sensor 35 are then processed by control
unit 31 in order to calculate the position of rotary 10 along
mast 5.
[0069] Preferably, the second sensor 33 is configured
to detect when outer kelly rod 20A of the drill string is in
the lower limit stop position relative to rotary 10. As al-
ready mentioned above, this condition corresponds to
the fact that drill string 20 rests on or is at least partly
supported by rotary 10.
[0070] In the embodiment shown, the limit stop position
corresponds to the situation in which outer kelly rod 20A
has completely crossed rotary 10, causing its upper
flange 24A to strike against the abutment surface of said
rotary 10. In the example shown, hence, the second sen-
sor 33 fulfills the function of detecting the lower limit stop
of the outer kelly rod 20A.
[0071] Preferably, the second sensor 33 is a proximity
sensor installed on the casing of rotary 10, in particular
close to the passage for drill string 20. When the outer
kelly rod 20A of the drill string is completely lowered rel-
ative to rotary 10, for example like in figures 3A and 3B,
upper flange 24A ends up in front of the second sensor
33.
[0072] In a variant of the invention, upper flange 24A
is advantageously made of a metal material and the sec-
ond sensor 33 is capable of detecting the presence of
the flange and of sending a signal to control unit or CPU
31 of machine 1. In other constructive variants, the sec-
ond sensor 33 could consists, for example, of a micro-
switch, which is operated by the passage of flange 24A
when it reaches the striking position against the abutment
surface of rotary 10, when outer kelly rod 20A has
reached the lower limit stop.
[0073] Let’s consider a drilling configuration with drill
string 20 completely closed, namely in a minimum length
configuration, and with drill string 20 in an intermediate
position relative to rotary 10, namely in a position different
from the lower limit stop of drill string 20. In this drilling
configuration, control unit 31 of machine 1 is capable of
recognizing that drill string 20 is completely closed thanks

to the fact that the second sensor 33 does not detect the
limit stop position. Indeed, in the embodiment shown, the
second telescopic kelly rod 20B and the following ones
can start telescopically sliding out only when the outer
kelly rod 20A rests with its upper flange 24A on the rotary.
In this way, the outer telescopic kelly rod 20A does not
hang any longer from the rope and rests on the recovery
flange 27C.
[0074] When outer kelly rod 20A reaches the lower limit
stop condition with drill string 20 completely closed, also
visible in figure 3A, control unit 31 recognizes that esti-
mated length L20 is equal to the minimum value and gets
ready to measure the following variations of length L20.
In this condition, the value of the quantity of rope un-
wound from the winch, which is measured by sensor ap-
paratus S (in particular, by winding sensor 30 which will
be described hereinafter), can be set as equal to zero.
[0075] In the embodiment shown, estimated length
L20 referred to the drill string can be interpreted, for ex-
ample, as the distance between upper flange 24A of outer
kelly rod 20A and rod recovery flange 27C arranged at
the lower end of inner kelly rod 20C.
[0076] In the embodiment shown, as already men-
tioned above, winding sensor 30 is configured to meas-
ure the quantity of flexible pulling member, such as rope
9, unwound from winch 8.
[0077] Preferably, winding sensor 30 is an encoder
mounted on winch 8 and capable of measuring the rota-
tions of the drum of winch 8. Control unit 31, based on
the signal of winding sensor 30 and based on the aware-
ness of the characteristic sizes of the drum of winch 8
and of rope 9, is configured to calculate the quantity of
rope unwound from the winch.
[0078] In a constructive variant, winding sensor 30
could be an encoder mounted on one of the pulleys of
head 7 or it could be an optical sensor installed on a fixed
structure close to rope 9 and capable of detecting the
linear sliding of the rope.
[0079] In the embodiment shown, control unit 31 com-
prises a memory unit where all the geometric data con-
cerning all drill strings 20 that can be installed in machine
1 are pre-loaded. Said rill strings 20 can vary in terms of
length of kelly rods 20A, 20B, 20C, number of the kelly
rods making up drill string 20 and diameter of the kelly
rods. By way of non-limiting example, upon starting of
machine 1, or - if necessary - upon installation of machine
1, the operator must select, preferably from a list dis-
played on a display available in the cabin, telescopic drill
string 20 installed in machine 1. When the selection is
made by the operator, control unit 31 loads all the data
concerning that drill string 20, for example the minimum
length of the drill string in a completely contracted con-
figuration and the maximum length of the drill string in a
completely extended configuration, the length of each
single kelly rod, the position of the recesses on each sin-
gle kelly rod of the drill string, etc..
[0080] Since rope 9 is directly connected to the upper
end of inner kelly rod 20C and since the length of inner
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kelly rod 20C is known to control unit 31, the measure of
the quantity of rope unwound from the winch gives an
indication of the position of drilling tool 15. Based on the
initial zero setting position of the position of drilling tool
15 to be used, the measure carried out by sensor 30 can
indicate the position of tool 15 relative, for example, to
the ground level or relative to rotary 10 or relative to any
reference surface.
[0081] In order for the value measured by winding sen-
sor 30 to always be precise and reliable, it is preferable
that the rope always is pulled, as a loosening thereof
could alter the detections. Indeed, when drilling tool 15
reaches a resting surface stopping its downward move-
ment, if winch 8 continued unwinding rope 9, winding
sensor 30 would continue measuring an unwinding, but
this unwinding of rope 9 would not correspond to a trans-
lation of drilling tool 15.
[0082] In order to avoid the aforesaid problem of the
loosening of rope 9, machine 1 is provided with a known
pulling device 32, which is configured to keep rope 9
pulled. For example, this pulling device 32 can act
through a manual control element in the cabin, properly
controlling the motor associated with winch 8, and - if
necessary - there can also be a loosening detection de-
vice (not shown) associated with rope 9 so as to always
keep said rope 9 pulled.
[0083] Preferably, signaling apparatus 34 is a display
configured to visually represent the reaching and/or the
approaching of estimated length 20 to one of the refer-
ence length values.
[0084] Preferred and optional details of the system ac-
cording to an embodiment of the invention will be de-
scribed hereinafter.
[0085] Control unit 31, based on the values detected
by sensors 30, 33, 35 and based on the geometric data
of drill string 20 pre-loaded in the memory of control unit
31 itself, is capable of calculating, in every drilling phase
of machine 1, actual length L20 of drill string 20. Indeed,
as soon as machine 1 reaches the configuration shown
in figure 3A, in which drill string 20 is completely retracted
and, by sliding downward, has just struck against rotary
10 by means of upper flange 24A, control unit 31 recog-
nizes that drill string 20 has an estimated length L20 with
a minimum value. Starting from this minimum value, con-
trol unit 31 starts calculating the variations of length L20
due to the operation of winch 8 or due to the operation
of the pulling-pushing system moving rotary 10. Then,
as the drilling goes on in order to reach, for example, the
drilling condition shown in figure 3B, control unit 31 up-
dates estimated length L20, adding or subtracting a
length equal to the quantity of rope 9 unwound from or
wound on winch 8 as measured by winding sensor 30.
In the same way, control unit 31 adds to or subtracts from
estimated length L20 a length equal to the translation
made by rotary 10 and measured by the first sensor 35.
[0086] Control unit 31 keeps calculating the actual
length of drill string 20 as long as detection sensor 33
detecting the lower limit stop of outer kelly rod 20A keeps

detecting that upper flange 24A rests on the abutment
surface of rotary 10. When the flange 24A lifts relative to
rotary 10 and is not detected any longer by sensor 33,
this means that drill string 20 is in a completely retracted
condition, thus having a known length L20, and, in these
conditions, the operator is capable of visually checking,
from his/her control position in the cabin, where the re-
cesses of the outer kelly rod 20A are located.
[0087] Since, as already mentioned above, in drill
string 20 kelly rods 20A, 20B, 20C slide out and withdraw
according to a precise sequence established by mechan-
ical abutments, by knowing estimated length L20 in a
given instant it is possible to determine the mutual posi-
tion of all kelly rods 20A, 20B, 20C of drill string 20. The
forced sequence of sliding out and return of kelly rods
20A, 20B, 20C further makes sure that each mutual me-
chanical locking position of the kelly rods, namely each
position in which the inner strips of each kelly rod are
suited to be coupled to a recess of the kelly rode arranged
immediately on the inside, corresponds to a precise
length L20 of the drill string.
[0088] By storing in control unit 31 all the reference
length values at which there can be a correct mechanical
locking of kelly rods 20A, 20B, 20C, control unit 31 is
capable of comparing, in each instant, the actual length
L20 with the table of the reference length values corre-
sponding to the mechanical locking positions. Hence,
control unit 31 can control the signaling to the operator
of the reaching of a mechanical locking position, adapted
to carry out the passage from the decoupled condition to
the coupled condition, and/or control unit 31 can give
indications for the reaching of said mechanical locking
position.
[0089] With reference to figure 3B, intermediate kelly
rod 20B is in an intermediate position between two pos-
sible mechanical locking positions between outer kelly
rod 20A and intermediate kelly rod 20B. In the same way,
estimated length L20 of drill string 20 has an intermediate
value between two reference length values correspond-
ing to two consecutive possible mechanical locking po-
sitions. In other words, inner strips 26A of outer kelly rod
20A are in an intermediate position between two contig-
uous recesses 23B and 22B (not visible) of the second
kelly rod 20B. Therefore, in order to reach a possible
locking condition, it is necessary to reduce estimated
length L20 by a distance LR2 or to increase estimated
length L20 by a distance LR1.
[0090] In particular, distance LR2 equals the distance
of inner strips 26A from the first reachable recess 23B
arranged at a lower height than strips 26A, whereas dis-
tance LR1 equals the distance of inner strips 26A from
the first reachable recess 23B arranged at a higher height
than strips 26A.
[0091] Preferably, control unit 31, based on the values
measured by sensor apparatus S, is capable of calculat-
ing distances LR1 and LR2 and of showing them to the
operator by displaying them on display 34 in the cabin.
The operator, who wants to obtain a mechanical locking
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of kelly rods 20A, 20B, 20C, can operate pulling-pushing
system 11 so as to cause rotary 10 to slide on mast 5 by
a quantity equal to distance LR1 or LR2. The operator
preferably chooses to make the smallest movement be-
tween LR1 and LR2 in order to accelerate the maneuver.
During this translation, values of LR1 and LR2 are up-
dated in real time.
[0092] In an embodiment of this invention, control unit
31 can also check whether, starting from the current po-
sition, the pulling-pushing system has a travel that is suf-
ficient to permit both movements or whether one of the
two movements is impossible, for example because ro-
tary 10 is already too close to one of the two limit stop
positions on mast 5. In case one of the two movements
cannot be made, control unit 31 signals to the operator
that the corresponding mechanical locking position can-
not be reached. In a further variant, display 34 can show,
in a graphic manner, the current position of the inner
strips relative to the position of the two most adjacent
recesses, thus updating the information displayed when
the kelly rods are subjected to relative translations.
[0093] In a simplified constructive solution, control unit
31 could not indicate the two heights LR1 or LR2 to the
operator on display 34, but it could operate a sound or
light warning device when the value of length L20 of drill
string 20 corresponds to mechanical locking position in
which it is possible to shift from the decoupled position
to the coupled condition.
[0094] Preferably, sensor apparatus S further compris-
es a vibration sensor 36, which is configured to detect
vibration data V representing the vibrations propagated
through said drill string 20. Control unit 31 is configured
to correct the estimated length L20 determining that a
respective pair of kelly rods (namely, the first pair 20A,
20B or the second pair 20B, 20C) as reached a maximum
mutual distance position, based on estimated length L20
and when vibration data V exceed a threshold value.
[0095] In a constructive variant, in order to increase
the precision of the detecting system in terms of mutual
position of the kelly rods 20A, 20B, 20C, it is possible to
install the vibration sensor 36, in particular, on the frame
of the rotary 10.
[0096] In those applications in which great-depth drill-
ing operations must be carried out, the use of drill strings
20 consisting of a large number of kelly rods 20A, 20B,
20C can lead to a condition in which, when drilling tool
15 is close to the bottom of the drilling site, the length of
the free segment of rope 9 extending from the pulleys of
head 7 up to upper end of the inner kelly rod 20C is more
than a hundred meters long. In this situation, if the weight
of one or more kelly rods 20A, 20B, 20C and, if necessary,
of the material collected by drilling tool 15 weighs on rope
9, there can be elastic elongations of rope 9 to an extent
that cannot be neglected. These elongations cannot be
detected by winding sensor 30, for example because they
do not cause additional rotations of winch 8 that can be
detected by an encoder. The elongation of the suspend-
ed rope segment causes at least inner kelly rod 20C and,

if necessary, all the other kelly rods resting on the rod
recovery flange to be subjected to a relative sliding move-
ment with respect to the kelly rods that are completely
extended and are suspended from and supported by ro-
tary 10. As already mentioned above, this relative sliding
is not detected by winding sensor 31 cooperating with
control unit 31. Since the axial clearance present be-
tween the inner strips and the recesses, namely the dif-
ference between the length of the inner strips and the
length of the recesses, can range from a few centimeters
to some decimeters, a non-detected relative sliding that
is equal to or greater than these clearances could cause
errors in the calculation of the correct mechanical locking
positions of kelly rods 20A, 20B, 20C.
[0097] With every filling cycle of drilling tool 15, when
kelly rods 20A, 20B, 20C of drill string 20 telescopically
slide out to reach the bottom of a drilling site created
during the previous drilling cycles, the operator maintains
a very high downward speed of kelly rod 20A, 20B, 20C
through a quick unwinding of rope 9, so as to reduce the
working times of the cycle. During the downward move-
ment, when one of kelly rods 20B, 20C reaches its lower
limit stop position, there is a collision between said kelly
rod 20B, 20C and the preceding kelly rod sliding adjacent
thereto (in this case 20A, 20B), in the area of the upper
flange 24B, 24C of said kelly rod and the inner strips of
the preceding kelly rod, which causes the kelly rod to
stop. Given the high speeds and the significant weight
of the kelly rods, the extent of the collision taking place
every time a kelly rod reaches the lower limit stop is re-
markable and is transmitted to all the kelly rods arranged
at a higher height than the kelly rod subjected to the strik-
ing, thus reaching the body of rotary 10 from which the
outer kelly rod 20A hangs. This collision generates a vi-
bration peak which can easily be recognized as it has a
greater intensity than the background vibrations gener-
ated during drilling operations. This peak can be detected
by vibration sensor 36, preferably an accelerometer, in-
stalled on the body of rotary 10. Vibration sensor 36 can
then send a signal to control unit 31, when it detects that
there is a collision generated by the limit stop of a kelly
rod.
[0098] Since, as already mentioned above, the kelly
rods of drill string 20 slide out with a set sequence, from
the one arranged more on the outside (20A) to the one
arranged more on the inside (20C), it is possible to iden-
tify, starting from a condition with a completely retracted
drill string 20, every time sensor 36 detects a collision
during the downward movement of the kelly rods, which
and how many kelly rods have reached the limit stop
position. In the moment in which sensor 36 detects the
collision of a kelly rod, it is possible to increase by one
the number of kelly rods that have completely slid out,
whereas the remaining ones are completely contracted.
Since the length of the completely contracted drill string
20 is known and stored in control unit 31 and since, in
the same way, the length an the travel of each kelly rod
of the drill string are known and stored in control unit 31,
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every time vibration sensor 36 detects the collision, due
to the limit stop of a kelly rod, it is possible to determine
with precision length L20 of the drill string. By using sen-
sor 36, operators can obtain an exact value of length L20
only when the following kelly rod reaches the limit stop
generating a new collision and a new vibration peak.
[0099] In this way, then, vibration sensor 36 can be
used by control unit 31 to correct the measure of length
L20 calculated based on the data detected by sensors
30, 33, 35 and to compensate the elastic elongation effect
of rope 9. Indeed, starting from a condition with complete-
ly contracted kelly rods and holding rotary 10 still, if the
kelly rods are caused to move downward into the drilling
site by unwinding rope 9, control unit 31 increases the
calculated length L20 by adding the quantity of unwound
rope 9 measured by means of sensor 30, which meas-
ures, for example, the rotations of winch 8. Since the
quantity of unwound rope 9 is added to the elastic elon-
gation, which is not measured by the sensors 30, 33 and
35, when great depths are reached, operators can check
whether the actual position of drilling tool 15 is at a lower
height than the calculated one. In the constructive variant
in which vibration sensor 36 is also used (in addition to
sensors 30, 33, 35), every time that, during the downward
movement of drilling tool 15, a kelly rod reaches the limit
stop, sensor 36 sends a signal to control unit 31, which
corrects the value of length L20 assigning to this length
a given corrected value corresponding to the number of
kelly rods that have slid out and are in a mutual maximum
length condition. As the downward movement goes on,
control system 31 keeps increasing the calculated length
L20 based on the parameters detected by sensor 30 until
another slidable kelly rod reaches its limit stop, thus gen-
erating a new collision. When this collision is detected,
control system 31 corrects again the calculated length
L20 of drill string 20, assigning a correct value thereto.
Therefore, thanks to the use of vibration sensor 36, the
error in the calculation of the position of the kelly rods is
greatly reduced, as it is affected only by the elastic elon-
gations of rope 9 taking place during the extension of one
single kelly rod, and not any more by the elastic elonga-
tion of rope 9 taking place during the extension of all the
kelly rods of drill string 20.
[0100] Naturally, the principle of the invention being
set forth, embodiments and implementation details can
be widely changed relative to what described above and
shown in the drawings as a mere way of non-limiting ex-
ample, without in this way going beyond the scope of
protection provided by the accompanying claims.

Claims

1. System for detecting at least one mechanical locking
position of a drill string (20) in a soil drilling machine
(1) ;
said machine (10) comprising:

- a mast (5);
- a rotary (10) which is mounted so as to slide
along said mast (5);
- a winch (8) around which a flexible pulling
member (9) is able to be wound;
- a drill string (20) which is capable of being
caused to rotate by said rotary (10), which cross-
es said rotary (10), and which hangs from said
flexible pulling means (9); said drill string (20)
comprises at least one pair of kelly rods (20A,
20B; 20B, 20C) which are axially slidable inside
one another so as to be moved to
at least one mutual mechanical locking position,
in which said drill string (20) is at least partially
supported by said rotary (10) and said at least
one pair of kelly rods (20A, 20B; 20B, 20C) is
designed to move from a decoupled condition,
in which a transmission of a downward thrust
between said kelly rods (20A, 20B; 20B, 20C)
is prevented and a mutual sliding is allowed, to
a coupled condition, in which a transmission of
a downward thrust between said kelly rods (20A,
20B; 20B, 20C) is allowed substantially without
mutual sliding; the movement from said decou-
pled condition to said coupled condition occur-
ring when said rotary (10) causes said drill string
(20) to rotate in a drilling rotation direction;

said system comprising:

- sensor means (S) for detecting first data (D1)
indicating the position assumed by the top of the
drill string and second data (D2) indicating the
position assumed by the bottom of said drill
string;
- a control unit (31) which is configured to cal-
culate the estimated length (L20) of said drill
string (20) based on said data and to compare
said estimated length (L20) with at least one ref-
erence length value, wherein said at least one
pair of kelly rods (20A, 20B; 20B, 20C) is in said
at least one mechanical locking position; and
- signaling means (34) which are configured to
signal when said estimated length (L20) corre-
sponds to said at least one reference length val-
ue.

2. System according to claim 1, wherein said sensor
means (S) comprise a first sensor (35) which is con-
figured to detect a first information representing the
position assumed by said rotary (10) along said mast
(5), and a second sensor (33) which is configured to
detect an information representing that said drill
string (20) is at least partially supported by said rotary
(10).

3. System according to claim 1 or 2, wherein said sen-
sor means (S) comprise a winding sensor (30) which
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is configured to detect an information representing
the length of the flexible pulling member (9) that is
unwound from the winch (8).

4. System according to any of the previous claims,
wherein said control unit is configured to calculate
the difference (LR1, LR2) between said estimated
length (L20) and said at least one reference length
value; said signaling means (34) being configured
to provide a perceivable signaling of said difference
(LR1, LR2).

5. System according to any of the previous claims,
wherein said sensor means (S) comprise a vibration
sensor (36) which is configured to detect vibration
data (V) representing the vibrations propagated
through said drill string (20); said control unit (31)
being configured to correct said estimated length
(L20) determining that a respective pair of kelly rods
(20A, 20B; 20B, 20C) has reached a maximum mu-
tual distance position, said maximum mutual dis-
tance position being determined based on the esti-
mated length (L20) and whether said vibration data
(V) exceed a threshold value.

6. Soil drilling machine (10) comprising a system ac-
cording to any of the previous claims.

7. Method for detecting at least one mechanical locking
position of a drill string (20) in a soil drilling machine
(10) ;
said machine (10) comprising:

- a mast (5);
- a rotary (10) which is mounted so as to slide
along said mast (5);
- a winch (8) around which a flexible pulling
member (9) is able to be wounded;
- a drill string (20) which is capable of being
caused to rotate by said rotary (10), which cross-
es said rotary (10), and which hangs from said
flexible pulling means (9); said drill string (20)
comprises at least one pair of kelly rods (20A,
20B; 20B, 20C) which are axially slidable inside
one another so as to be moved to
at least one mutual mechanical locking position,
in which said drill string (20) is at least partially
supported by said rotary (10) and said at least
one pair of kelly rods (20A, 20B; 20B, 20C) is
designed to move from a decoupled condition,
in which a transmission of a downward thrust
between said kelly rods (20A, 20B; 20B, 20C)
is prevented and a mutual sliding is allowed, to
a coupled condition, in which a transmission of
a downward thrust between said kelly rods (20A,
20B; 20B, 20C) is allowed substantially without
mutual sliding; the movement from said decou-
pled condition to said coupled condition occur-

ring when said rotary (10) causes said drill string
(20) to rotate in a drilling rotation direction;

said method comprising the following operating
steps:

- detecting first data (D1) indicating the position
assumed by the top of the drill string (20) and
second data (D2) indicating the position as-
sumed by the bottom of said drill string (20);
- calculating the estimated length (L20) of said
drill string (20) based on said data and compar-
ing said estimated length (L20) with at least one
reference length value, wherein said at least one
pair of kelly rods (20A, 20B; 20B, 20C) is in said
at least one mechanical locking position;
- signaling when said estimated length (L20) cor-
responds to said at least one reference length
value.

8. Method according to claim 7, wherein said first data
comprise a first information representing the position
assumed by said rotary (10) along said mast (5) and
a second information representing that said drill
string (20) is at least partly supported by said rotary
(10).

9. Method according to claim 7 or 8, wherein said sec-
ond data comprise a winding information represent-
ing the length of a flexible pulling member (9) that is
unwound from the winch (8).

10. Method according to any of the claims from 7 to 9
comprising, furthermore, the operating steps of cal-
culating the difference (LR1, LR2) between said es-
timated length (L20) and said at least one reference
length value; and providing a perceivable signaling
of said difference (LR1, LR2) .

11. Method according to any of the claims from 8 to 10
and comprising, furthermore, the operating steps of:

- detecting vibration data (V) representing the
vibrations propagated through said drill string
(20);
- correcting said estimated length (L20) deter-
mining that a respective pair of kelly rods (20A,
20B; 20B, 20C) has reached a maximum mutual
distance position, said maximum mutual dis-
tance position being determined based on the
estimated length (L20) and whether said vibra-
tion data (V) exceed a threshold value.

Patentansprüche

1. System zum Erfassen mindestens einer mechani-
schen Verriegelungsposition eines Bohrstrangs (20)
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in einer Erdbohrmaschine (1); wobei die Maschine
(10) umfasst:

- einen Mast (5);
- eine Drehvorrichtung (10), die so montiert ist,
dass sie entlang des Mastes (5) verschiebbar
ist;
- eine Winde (8), um die ein flexibles Zugelement
(9) wickelbar ist;
- einen Bohrstrang (20), der durch die Drehvor-
richtung (10) zum Drehen gebracht werden
kann, der die Drehvorrichtung (10) kreuzt und
der an dem flexiblen Zugmittel (9) hängt; wobei

der Bohrstrang (20) zumindest ein Paar Kelly-Stan-
gen (20A, 20B; 20B, 20C) umfasst, die axial inein-
ander verschiebbar sind, um in zumindest eine ge-
genseitige mechanische Verriegelungsposition be-
wegt zu werden, in der der Bohrstrang (20) zumin-
dest teilweise durch die Drehvorrichtung (10) ge-
stützt wird, und dass das zumindest eine Paar von
Kelly-Stangen (20A, 20B; 20B, 20C) so ausgelegt
ist, dass sich von einem entkoppelten Zustand, in
dem eine Übertragung eines Abwärtsschubs zwi-
schen den Kelly-Stangen (20A, 20B; 20B, 20C) ver-
hindert wird und ein gegenseitiges Gleiten zugelas-
sen wird, zu einem gekoppelten Zustand bewegen,
in dem eine Übertragung eines Abwärtsschubs zwi-
schen den Kelly-Stangen (20A, 20B; 20B, 20C) im
Wesentlichen ohne gegenseitiges Verschieben zu-
gelassen wird; wobei die Bewegung von dem ent-
koppelten Zustand in den gekoppelten Zustand,
dann erfolgt, wenn die Drehvorrichtung (10) bewirkt,
dass sich der Bohrstrang (20) in einer Bohrdrehrich-
tung dreht; wobei das System umfasst:

- Sensormittel (S) zum Erfassen erster Daten
(D1), die die von der Oberseite des Bohrstrangs
angenommene Position wiedergeben, und
zweiter Daten (D2), die die von der Unterseite
des Bohrstrangs angenommene Position wie-
dergeben;
- eine Steuereinheit (31), die eingerichtet ist, um
die geschätzte Länge (L20) des Bohrstrangs
(20) basierend auf den Daten zu berechnen und
die geschätzte Länge (L20) mit zumindest ei-
nem Referenzlängenwert zu vergleichen, wobei
sich das zumindest eine Paar Kelly-Stangen
(20A, 20B; 20B, 20C) in der zumindest einen
mechanischen Verriegelungsposition befindet;
und
- Signalisierungsmittel (34), die eingerichtet
sind, um zu signalisieren, wenn die geschätzte
Länge (L20) dem zumindest einen Referenzlän-
genwert entspricht.

2. System nach Anspruch 1, wobei die Sensormittel (S)
einen ersten Sensor (35) umfassen, der eingerichtet

ist, um eine erste Information zu erfassen, die die
von der Drehvorrichtung (10) entlang des Mastes (5)
eingenommene Position wiedergibt, und einen zwei-
ten Sensor (33), der eingerichtet ist, um eine Infor-
mation zu erfassen, die wiedergibt, dass der Bohr-
strang (20) zumindest teilweise von der Drehvorrich-
tung (10) gestützt wird.

3. System nach Anspruch 1 oder 2, wobei die Sensor-
mittel (S) einen Wicklungssensor (30) umfassen, der
eingerichtet ist, um eine Information zu erfassen, die
die Länge des flexiblen Zugelements (9) wiedergibt,
die von der Winde (8) abgewickelt ist.

4. System nach einem der vorhergehenden Ansprü-
che, wobei die Steuereinheit eingerichtet ist, um die
Differenz (LR1, LR2) zwischen der geschätzten Län-
ge (L20) und dem zumindest einen Referenzlängen-
wert zu berechnen; wobei die Signalisierungsmittel
(34) eingerichtet sind, um ein wahrnehmbares Sig-
nal der Differenz (LR1, LR2) bereitzustellen.

5. System nach einem der vorhergehenden Ansprü-
che, wobei die Sensormittel (S) einen Schwingungs-
sensor (36) umfassen, der eingerichtet ist, um
Schwingungsdaten (V) zu erfassen, die die durch
den Bohrstrang (20) übertragenen Schwingungen
wiedergeben; wobei die Steuereinheit (31) einge-
richtet ist, um die geschätzte Länge (L20) zu korri-
gieren, die bestimmt, dass ein entsprechendes Paar
Kelly-Stangen(20A, 20B; 20B, 20C) eine maximale
gegenseitige Abstandsposition erreicht hat, wobei
die maximale gegenseitige Abstandsposition basie-
rend auf der geschätzten Länge (L20) bestimmt wird,
und ob die Schwingungsdaten (V) einen Schwellen-
wert überschreiten.

6. Bodenbohrmaschine (10), umfassend ein System
gemäß einem der vorhergehenden Ansprüche.

7. Verfahren zum Erfassen mindestens einer mecha-
nischen Verriegelungsposition eines Bohrstrangs
(20) in einer Bodenbohrmaschine (10), wobei die
Maschine (10) umfasst:

- einen Mast (5),
- eine Drehvorrichtung (10), die so montiert ist,
dass sie entlang des Mastes (5) gleitet;
- eine Winde (8), um die ein flexibles Zugelement
(9) wickelbar ist;
- einen Bohrstrang (20), der durch die Drehvor-
richtung (10) in Drehung versetzt werden kann,
der die Drehvorrichtung (10) kreuzt und der an
dem flexiblen Zugmittel (9) hängt; wobei der
Bohrstrang (20) zumindest ein Paar Kelly-Stan-
gen (20A, 20B; 20B, 20C) umfasst, die axial in-
einander verschiebbar sind, um in zumindest ei-
ne gegenseitige mechanische Verriegelungs-
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position bewegt zu werden, wobei der Bohr-
strang (20) zumindest teilweise durch die Dreh-
vorrichtung (10) gestützt wird, und dass das zu-
mindest eine Paar von Kelly-Stangen (20A, 20B;
20B, 20C) so ausgelegt ist, dass sie sich von
einem entkoppelten Zustand, in dem eine Über-
tragung eines Abwärtsschubs zwischen den
Kelly-Stangen (20A, 20B; 20B, 20C) verhindert
wird und ein gegenseitiges Gleiten zugelassen
wird, zu einem gekoppelten Zustand bewegen,
in dem eine Übertragung eines Abwärtsschubs
zwischen den Kelly-Stangen (20A, 20B; 20B,
20C) im Wesentlichen ohne gegenseitiges Ver-
schieben zugelassen wird; wobei die Bewegung
aus dem entkoppelten Zustand in den gekop-
pelten Zustand erfolgt, wenn die Drehvorrich-
tung (10) bewirkt, dass sich der Bohrstrang (20)
in eine Bohrdrehrichtung dreht; wobei das Ver-
fahren die folgenden Schritte umfasst:
- Erfassen erster Daten (D1), die die von der
Oberseite des Bohrstrangs (20) angenommene
Position wiedergeben, und zweiter Daten (D2),
die die von der Unterseite des Bohrstrangs (20)
angenommene Position wiedergeben.
- Berechnen der geschätzten Länge (L20) des
Bohrstrangs (20) basierend auf den Daten und
Vergleichen der geschätzten Länge (L20) mit
zumindest einem Referenzlängenwert, wobei
sich das zumindest eine Paar Kelly-Stangen
(20A, 20B; 20B, 20C) in der zumindest einen
mechanischen Verriegelungsposition befindet;
- Signalisieren, wenn die geschätzte Länge
(L20) dem zumindest einen Referenzlängen-
wert entspricht.

8. Verfahren nach Anspruch 7, wobei die ersten Daten
eine erste Information umfassen, die die von der
Drehvorrichtung (10) entlang des Mastes (5) einge-
nommene Position wiedergibt, und eine zweite In-
formation, die wiedergibt, dass der Bohrstrang (20)
zumindest teilweise durch die Drehvorrichtung (10)
gestützt ist.

9. Verfahren nach Anspruch 7 oder 8, wobei die zwei-
ten Daten eine Wicklungsinformation umfassen, die
die Länge eines flexiblen Zugelements (9) wieder-
gibt, das von der Winde (8) abgewickelt ist.

10. Verfahren nach einem der Ansprüche von 7 bis 9,
ferner umfassend die Schritte des Berechnens der
Differenz (LR1, LR2) zwischen der geschätzten Län-
ge (L20) und dem zumindest einen Referenzlängen-
wert; und
Bereitstellen eines wahrnehmbaren Signals der Dif-
ferenz (LR1, LR2).

11. Verfahren nach einem der Ansprüche von 8 bis 10
umfassend ferner die folgenden Schritte:

- Erfassen von Schwingungsdaten (V), die die
durch den Bohrstrang (20) übertragenen
Schwingungen darstellen;
- Korrigieren der geschätzten Länge (L20), die
bestimmt, dass ein entsprechendes Paar Kelly-
Stangen (20A, 20B; 20B, 20C) eine maximale
gegenseitige Abstandsposition erreicht hat, wo-
bei die maximale gegenseitige Abstandspositi-
on basierend auf der geschätzten Länge (L20)
bestimmt wird und ob die Vibrationsdaten (V)
einen Schwellenwert überschreiten.

Revendications

1. Système pour détecter au moins une position de ver-
rouillage mécanique d’un train de tiges de forage
(20) dans une machine de forage du sol (1) ;
ladite machine (10) comprenant :

- un mât (5) ;
- une foreuse rotative (10) qui est montée de
façon à coulisser le long dudit mât (5) ;
- un treuil (8) autour duquel un organe de traction
flexible (9) est apte à être enroulé ;
- un train de tiges de forage (20) qui est apte à
être amené à tourner par ladite foreuse rotative
(10), qui traverse ladite foreuse rotative (10), et
qui est suspendu audit moyen de traction flexible
(9) ; ledit train de tiges de forage (20) comprend
au moins une paire de tiges carrées (20A, 20B ;
20B, 20C) qui sont coulissantes axialement à
l’intérieur l’une de l’autre de façon à être dépla-
cées vers
au moins une position de verrouillage mécani-
que mutuelle, dans laquelle ledit train de tiges
de forage (20) est supporté au moins partielle-
ment par ladite foreuse rotative (10) et ladite au
moins une paire de tiges carrées (20A, 20B ;
20B, 20C) est conçue pour se déplacer d’une
condition désaccouplée, dans laquelle une
transmission d’une poussée vers le bas entre
lesdites tiges carrées (20A, 20B ; 20B, 20C) est
empêchée et un coulissement mutuel est admis,
à une condition accouplée, dans laquelle une
transmission d’une poussée vers le bas entre
lesdites tiges carrées (20A, 20B; 20B, 20C) est
admise sensiblement sans coulissement
mutuel ; le déplacement de ladite condition dé-
saccouplée à ladite condition accouplée se pro-
duisant lorsque ladite foreuse rotative (10) amè-
ne ledit train de tiges de forage (20) à tourner
dans une direction de rotation de forage ;

ledit système comprenant :

- des moyens de capteur (S) pour détecter des
premières données (D1) indiquant la position
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adoptée par le haut du train de tiges de forage
et des secondes données (D2) indiquant la po-
sition adoptée par le bas dudit train de tiges de
forage ;
- une unité de commande (31) qui est configurée
pour calculer la longueur estimée (L20) dudit
train de tiges de forage (20) d’après lesdites
données et pour comparer ladite longueur esti-
mée (L20) avec au moins une valeur de lon-
gueur de référence, dans lequel ladite au moins
une paire de tiges carrées (20A, 20B ; 20B, 20C)
est dans ladite au moins une position de ver-
rouillage mécanique ; et
- des moyens de signalisation (34) qui sont con-
figurés pour signaler lorsque ladite longueur es-
timée (L20) correspond à ladite au moins une
valeur de longueur de référence.

2. Système selon la revendication 1, dans lequel lesdits
moyens de capteur (S) comprennent un premier cap-
teur (35) qui est configuré pour détecter une premiè-
re information représentant la position adoptée par
ladite foreuse rotative (10) le long dudit mât (5), et
un second capteur (33) qui est configuré pour dé-
tecter une information représentant le fait que ledit
train de tiges de forage (20) est supporté au moins
partiellement par ladite foreuse rotative (10).

3. Système selon la revendication 1 ou 2, dans lequel
lesdits moyens de capteur (S) comprennent un cap-
teur d’enroulement (30) qui est configuré pour dé-
tecter une information représentant la longueur de
l’organe de traction flexible (9) qui est déroulé du
treuil (8).

4. Système selon l’une quelconque des revendications
précédentes, dans lequel ladite unité de commande
est configurée pour calculer la différence (LR1, LR2)
entre ladite longueur estimée (L20) et ladite au moins
une valeur de longueur de référence ; lesdits
moyens de signalisation (34) étant configurés pour
fournir une signalisation perceptible de ladite diffé-
rence (LR1, LR2).

5. Système selon l’une quelconque des revendications
précédentes, dans lequel lesdits moyens de capteur
(S) comprennent un capteur de vibration (36) qui est
configuré pour détecter des données de vibration (V)
représentant les vibrations se propageant à travers
ledit train de tiges de forage (20) ; ladite unité de
commande (31) étant configurée pour corriger ladite
longueur estimée (L20) déterminant qu’une paire
respective de tiges carrées (20A, 20B ; 20B, 20C) a
atteint une position de distance mutuelle maximale,
ladite position de distance mutuelle maximale étant
déterminée d’après la longueur estimée (L20) et se-
lon que lesdites données de vibration (V) dépassent
ou non une valeur seuil.

6. Machine de forage du sol (10) comprenant un sys-
tème selon l’une quelconque des revendications
précédentes.

7. Procédé pour détecter au moins une position de ver-
rouillage mécanique d’un train de tiges de forage
(20) dans une machine de forage du sol (10) ;
ladite machine (10) comprenant :

- un mât (5) ;
- une foreuse rotative (10) qui est montée de
façon à coulisser le long dudit mât (5) ;
- un treuil (8) autour duquel un organe de traction
flexible (9) est apte à être enroulé ;
- un train de tiges de forage (20) qui est apte à
être amené à tourner par ladite foreuse rotative
(10), qui traverse ladite foreuse rotative (10), et
qui est suspendu audit moyen de traction flexible
(9) ; ledit train de tiges de forage (20) comprend
au moins une paire de tiges carrées (20A, 20B;
20B, 20C) qui sont coulissantes axialement à
l’intérieur l’une de l’autre de façon à être dépla-
cées vers
au moins une position de verrouillage mécani-
que mutuelle, dans laquelle ledit train de tiges
de forage (20) est supporté au moins partielle-
ment par ladite foreuse rotative (10) et ladite au
moins une paire de tiges carrées (20A, 20B ;
20B, 20C) est conçue pour se déplacer d’une
condition désaccouplée, dans laquelle une
transmission d’une poussée vers le bas entre
lesdites tiges carrées (20A, 20B; 20B, 20C) est
empêchée et un coulissement mutuel est admis,
à une condition accouplée, dans laquelle une
transmission d’une poussée vers le bas entre
lesdites tiges carrées (20A, 20B; 20B, 20C) est
admise sensiblement sans coulissement
mutuel ; le déplacement de ladite condition dé-
saccouplée à ladite condition accouplée se pro-
duisant lorsque ladite foreuse rotative (10) amè-
ne ledit train de tiges de forage (20) à tourner
dans une direction de rotation de forage ;

ledit procédé comprenant les étapes de fonctionne-
ment suivantes :

- la détection de premières données (D1) indi-
quant la position adoptée par le haut du train de
tiges de forage (20) et de secondes données
(D2) indiquant la position adoptée par le bas du-
dit train de tiges de forage (20) ;
- le calcul de la longueur estimée (L20) dudit
train de tiges de forage (20) d’après lesdites
données et la comparaison de ladite longueur
estimée (L20) avec au moins une valeur de lon-
gueur de référence, dans lequel ladite au moins
une paire de tiges carrées (20A, 20B ; 20B, 20C)
est dans ladite au moins une position de ver-
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rouillage mécanique ;
- la signalisation lorsque ladite longueur estimée
(L20) correspond à ladite au moins une valeur
de longueur de référence.

8. Procédé selon la revendication 7, dans lequel lesdi-
tes premières données comprennent une première
information représentant la position adoptée par la-
dite foreuse rotative (10) le long dudit mât (5), et une
seconde information représentant le fait que ledit
train de tiges de forage (20) est supporté au moins
partiellement par ladite foreuse rotative (10).

9. Procédé selon la revendication 7 ou 8, dans lequel
lesdites secondes données comprennent une infor-
mation d’enroulement représentant la longueur d’un
organe de traction flexible (9) qui est déroulé du treuil
(8).

10. Procédé selon l’une quelconque des revendications
7 à 9, comprenant, en outre, les étapes de fonction-
nement de calcul de la différence (LR1, LR2) entre
ladite longueur estimée (L20) et ladite au moins une
valeur de longueur de référence ; et de fourniture
d’une signalisation perceptible de ladite différence
(LR1, LR2).

11. Procédé selon l’une quelconque des revendications
8 à 10 et comprenant, en outre, les étapes de fonc-
tionnement de :

- détection de données de vibration (V) repré-
sentant les vibrations se propageant à travers
ledit train de tiges de forage (20) ;
- correction de ladite longueur estimée (L20) dé-
terminant qu’une paire respective de tiges car-
rées (20A, 20B ; 20B, 20C) a atteint une position
de distance mutuelle maximale, ladite position
de distance mutuelle maximale étant détermi-
née d’après la longueur estimée (L20) et selon
que lesdites données de vibration (V) dépassent
ou non une valeur seuil.
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