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The invention relates to a locking device and a locking method for locking a tool
to the tool holder of a rotary drilling rig.

Rotary drilling rigs are primarily used in civil engineering or in the search for min-
eral resources for the sinking of boreholes, in particular for producing cased bore-
holes.

When drilling holes, with many types of ground and many drilling methods (e.qg.
for rotary drilling methods or oscillation drilling methods) the drilling tools need to
be replaced frequently. In conventional drilling rigs the tool holder is located di-
rectly under a rotary drive for driving the drilling equipment. The drilling tools,
particularly augers, drilling buckets or casings, are inserted into this tool holder,
and locked after insertion. The rotary drive is often a top drive (KDK), which drives

the push pipe or pipe string, and often both elements.

Particularly in the production of cased boreholes using rotary drilling rigs, a fre-
quent tool change is needed, at least with respect to the casings, but also with
regard to the excavating tools (for example, drilling augers or drilling buckets).
When driving the casing, the soil and rock is first loosened with the excavation
tool and removed, and, simultaneously or after fixed intervals, the casing is
moved downwards in the hole by means of the push pipe. Depending on the

ground conditions, a casing machine is used in addition.

For removing the excavated material from the borehole, it is necessary to disen-
gage the casing from the push pipe, to pull out the Kelly bar along with the exca-
vation tool, to deposit the excavated material next to the borehole, to insert the
excavation tool back into the casing with the Kelly bar, and to lock the push pipe
to the casing again.

Depending on the ground conditions, sometimes the excavating tool on the Kelly
bar, too, must be replaced and locked.
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If a new hole is dug and cased, the casing has to be lifted completely and trans-
ported to the borehole by the rotary drilling rig. In this process, casings and ex-
cavation tools are therefore temporarily guided freely suspended from the rotary
drilling rig.

On being inserted, the drilling tools engage with an area of the tool holder, mostly
with positive locking. For locking, locking pins are generally used which are ar-
ranged in sleeves on the tool or the tool holder and which are displaced manually,
by means of a lever, or by a hydraulic system, in order to engage in holes of the

counterpart and thereby lock the latter.

A disadvantage of the prior art is that the known devices are comparatively com-
plicated and thus expensive, and that their use is expensive since the control
lines and control elements must be guided through the rotary drive of the drilling
rig into the rotating tool holder. In addition, integrated monitoring of the lock is

very difficult or not possible at all, resulting in a dterioration of occupational safety.

EP 1 624 151 A2 describes an accommodation for a tubular drilling tool, which
accommodation has a locking device comprising a radially arranged locking pin.
The locking pin is rotatably and displaceably arranged in a sleeve. On the locking
pin there is disposed a radially outwardly extending stud or guide pin that en-
gages an elongated slot running helically in the sleeve. Through a rotary motion
of the locking pin about its longitudinal axis the locking pin is displaced laterally,
parallelly to said longitudinal axis. The rotary motion of the pin relative to the
sleeve is effected by a movement system, using an electric motor, for example.
A position monitoring system for monitoring the position of the locking pin is not
provided.

The object of the invention is to overcome the disadvantages of the prior art and

to make an optimized locking available.
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This object is achieved by a locking device and a locking method according to
the claims.

The inventive locking device for locking a tool to the tool holder of a rotary drilling

rig includes a sleeve, a locking pin, a movement system and a control system.

The shape of the sleeve and of the locking bolt is largely arbitrary. However, the
parts must be designed so that the sleeve engages around the locking pin with
positive locking, so that the locking pin can rotate about its longitudinal axis in the

sleeve and can thereby be displaced laterally, parallelly to said longitudinal axis.

The locking pin and the sleeve are designed such that the feed motion of the
locking pin relative to the sleeve is achieved by its rotation in the sleeve. This is
preferably done in that an element protrudes from the locking pin and is guided
in a helical recess of the sleeve, or in that an element protrudes from the sleeve
and is guided in a helical recess of the locking pin.

A suitable lateral movement of the locking pin relative to the sleeve is, in the case
of the locking process, particularly designed so that the locking pin is moved from
a position in which its front face is located within the sleeve or is at least flush
with the sleeve or the tool holder into a position in which it protrudes from the
sleeve to such an extent that it can engage with a recess in the tool (in particular
through a recess in the tool holder), in particular over a distance of at least 1 cm.

Preferably, the locking pin comprises at least one radially outwardly extending
guide pin which is guided in a slide (Kulisse) in the sleeve, in particular in a slide
which extends obliquely to the longitudinal direction of the sleeve, or helically,
which slide is preferably a slot-like recess in the sleeve. The slide can be a recess
extending through part of the wall thickness of the sleeve or through the entire

wall thickness of the sleeve.

In a preferred embodiment, the slide allows rotation of a guide pin which is not
greater than 360 °, preferably not greater than 180 °.
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In a preferred embodiment, an end portion of the guide pin, which guide pin is
guided in the said slide, protrudes over the edge of the sleeve. This allows very
easy control of the position of the guide pin, visually or by means of sensors.

The movement system includes at least one electric motor and at least one shaft
by which it effects a relative rotation of the sleeve and the locking bolt by the force
of the electric motor.

Preferably, the movement system includes at least one gear unit, in particular at
least one angular gear. In the following, for the sake of clarity, only one electric
motor and one gear unit will be mentioned; this is, however, not to be interpreted

as limiting but is a preferred embodiment.

The gear unit is driven in this case by means of the rotational movement of the
electric motor and effects the rotation of the shaft of the movement system, and
the shaft, in turn, causes the relative rotation of the sleeve and the locking pin.
The advantage of an angular gear is that the locking device can be mounted on

the tool holder in a space-saving manner.

Preferably, at least one of the shafts of the movement system is the shaft of an
electric motor or the shaft of a gear unit.

In order to stop the rotation of the electric motor quickly and/or to prevent rotations
in the idle state, the movement system preferably comprises at least one brake.
In the braked state, such a brake prevents rotation of the shaft of the movement
system by blocking the shaft directly, the electric motor, the gear unit and/or a
relative rotation of locking pin and sleeve.

In a preferred embodiment, the movement system is firmly connected to the
sleeve, preferably by means of an adapter, so that rotation of the shaft causes
rotation of the locking pin in the sleeve, while the movement system remains rig-

idly aligned with the sleeve. As already stated above, rotation of the locking pin
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causes it to be laterally displaced in the sleeve. By displacement, the pin can

engage in holes of the tool or of the tool holder and thus exert its locking function.

In another preferred embodiment, the movement system is firmly connected to
the locking pin, preferably by means of an adapter, so that rotation of the shaft
causes rotation of the sleeve about the locking pin, while the movement system
always remains rigidly aligned with the locking pin.

To compensate for the lateral movement of the locking pin relative to the move-
ment system, the locking device preferably comprises additional elements for
compensating this displacement relative to the shaft of the movement system,
particularly a sliding shaft which transfers the rotation of the shaft to the locking
bolt but can be displaced rotatingly relative to the shaft.

The control system includes units for controlling the movement system, so that,
in particular through an external drive signal, the movement system moves the
locking pin into a locking or non-locking position. Drive signals can be transmitted
by a wired or radio-based transmission to the control system which, if necessary,
includes units for receiving radio signals and/or units for decoding data signals.
A remote control is preferable because in this case there is no need for cables
leading from the operator's cabin of the drilling rig to the locking device for data
transmission. Drive signals can also be sent by an additional sensor unit which
automatically detects that a tool has been mounted or dropped and which auto-
matically controls the control system without operation by a person.

Since the tool holder moves, it is of great advantage if, at the interface with the
moving parts of the machine, the signals on the wires are transmitted by means
of sliding contacts.

In a preferred embodiment, the locking device, in particular the control system,
includes an energy storage device, particularly batteries or accumulators, which
provides enough energy for at least one unlocking and/or locking operation. This
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has the advantage that no supply lines for energy leading from the power supply

of the rotary drilling rig to the locking device need to be provided.

In a further preferred embodiment, the locking device comprises a system by
means of which energy can be won from the rotation of the tool holder relative to
non-moving parts of the drilling rig. Preferably, the system has at least one dy-
namo for energy recovery, the stator of which is preferably arranged at the tool
holder and whose rotator is guided along non-moving parts of the drilling rig dur-
ing the rotation of the tool holder and can thus rotate relative to the stator.

This embodiment is particularly effective if it includes the aforementioned energy
storage device, in which energy can be stored during drilling. In this way, during
adrilling process, sufficient energy can be accumulated for unlocking and locking

in the next tool change.

In a preferred embodiment, the locking device comprises a position monitoring
system which preferably comprises at least one sensor or at least one pair of

Sensors.

This position monitoring system is adapted to monitor the position of the locking
pin, in particular its end position in the locked and/or unlocked state. Preferred
sensors are those from the group comprising photoelectric barriers, electric
switches, particularly proximity switches, electromechanical switches, particularly

tracers, potentiometers and electrical contact surfaces.

When measuring the position of the locking pin, its position is preferably deter-
mined directly or indirectly. This can be done in particular by measuring the posi-
tion of the locking pin relative to the sleeve, by measuring the position of the guide
pin, or by measuring the rotation of a shaft of the movement system, for example

by a potentiometer.
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When measuring the position of the locking pin or the position of the guide pin,
the use of tracers and/or proximity switches in the position monitoring system is
preferred.

The position monitoring system is preferably used to control the movement sys-
tem; for example, such that the movement system remains in motion until an end
position is reached, and/or an alarm system is actuated when the tool or the tool
holder is moved without locking having been effected. The abovementioned
alarm system is, in particular, an additional component part of the locking device.

With the position monitoring system it is possible for the locking device according
to the invention to make a significant contribution to occupational safety. In prac-
tice, successful locking is sometimes checked only visually, which can lead to
human errors. Also, in order to save time, locking is sometimes dispensed with
entirely and the positive locking between the tool and tool holder is utilized, to-
gether with the pressure occurring in the drilling process. However, since the tools
(rotary pipes or casings and excavation tools) are often moved freely suspended
in rotary drilling processes, accidents may occur due to tools falling down if the
tools are not properly locked.

The present invention comprising a position monitoring system can reliably ac-

complish detection and indication of proper locking.

To this end, the locking device preferably includes indicating elements and/or
alarm elements. It is also preferred that in the case of improper locking a signal
is transmitted to the drilling rig (via radio or wired) which prevents movement of
the tool until proper locking is effected.

In a preferred embodiment, the tool holder is the push pipe of a rotary drilling rig,
which is particularly adapted to accommodate casings. Preferably, at least two,
in particular three, four or five, locking devices according to the invention are
mounted on said push pipe.
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In the aforementioned case, a locking device according to the invention is prefer-
ably mounted so that its locking pin can lock a tool, particularly a casing, through
the jacket wall of the push pipe. This is realized, in particular, in that recesses are
present in the jacket wall at the corresponding positions, or in that the device
forms part of the jacket wall. As a rule, the places where the locking pins are

arranged are at the lower end portion of the jacket wall of a fitted push pipe.

In this embodiment, the locking device according to the invention is therefore
specifically designed for the locking of tools, especially casings, to a pressure

tube.

In another preferred embodiment, which may well be combined with the above-
described embodiment, the tool holder is attached at the end portion of the Kelly
bar of a rotary drilling rig, or it forms said end portion. Tools designed for this
purpose are, in particular, excavation tools, preferably augers or drilling buckets.
In this embodiment, the locking device according to the present invention is thus
specifically adapted for the locking of tools, especially excavation tools such as

augers or drilling buckets, to a Kelly bar.

In a preferred embodiment, the locking pins and/or the sleeve are commercial
elements which have been equipped with the other elements of the device ac-

cording to the invention and thus form the locking device of the invention.

An inventive locking procedure for locking of a tool to a tool holder of a rotary

drilling rig comprising at least one locking device is based on the steps of:

- connecting the tool to the tool holder;
- turning at least one locking pin relative to the sleeve associated to said locking
pin, by means of at least one electric motor.

The locking pin will thereby protrude from the sleeve and clamp the tool to the
tool holder, or engage with holes in the tool and/or in the tool holder, thus locking

the two parts together.
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Although for the sake of clarity important component parts of the invention are
mentioned in the singular, this does not exclude that all these mentioned parts
may also occur several times in the device. For example, several electric motors
may act on a single gear unit, or several gear units may be driven by a single
electric motor. Also, a locking pin may comprise a plurality of guide pins, or

sleeves may comprise several slides.

Examples of preferred embodiments of the locking device are shown in the fig-

ures.

Figure 1 schematically shows the position of preferred embodiments on a tool
holder;

Figure 2 schematically shows a preferred embodiment in the unlocked state, from
the side.

Figure 3 schematically shows a preferred embodiment in the unlocked state from

the rear.

Figure 4 schematically shows a preferred embodiment in the locked state from
the side.

Figure 5 schematically shows a preferred embodiment in the locked state from

the rear.

In Figure 1, the positions of three locking devices 1 in a tool holder 3 of a rotary
drilling rig are shown. The tool holder 3 can be, for example, the automatic push
pipe of a mobile rotary drilling rig. At the upper end of the tool holder 3, a rotary
device of the drilling rig may be installed, for example. The lower end of the tool
holder 3 is adapted to be connected to tools, which are not shown. For example,
casings used for drilling of piles or for making cased bore holes can be inserted
in the tool holder 3 and locked by means of the locking devices 1. By means of
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locking pins, tools are locked by said locking pins reaching through through-holes

in the casing, thereby securing the tool.

By means of a control system 2, the locking and unlocking of the respective tool
can be controlled. In the event that the control system comprises a radio receiver
and its own energy source, such as an accumulator, it would not be necessary to
route cables from the outside to the rotating tool holder, which has the advantage

that the system is inexpensive, easy to install and easy to maintain.

In Figures 2 and 3, a preferred embodiment in the unlocked state is shown from
the side and from the rear. It can be clearly seen how an electric motor 4 causes
the locking pin 9 to rotate in a sleeve 10, via a gear unit 5, which here is an
angular gear. The locking pin 9 is supported slidably and rotatably in the sleeve
10 and has a radially outwardly extending guide pin 12, with the guide pin 12
being guided in a slot-like recess of the sleeve, which runs obliquely to the longi-
tudinal direction of the sleeve.

The rotation of the electric motor 4 is transmitted via the gear unit 5 to the gear
shaft 6, which in turn transmits its rotation to a sliding shaft 7. The sliding shaft 7
is connected to the locking pin 9 and compensates for the lateral movement of
the locking pin 9 relative to the gear shaft 6. In order to optimize the movement

of the locking pin 9, it may be guided by means of an additional axial guide 8.

The rotation of the locking pin 9 causes the guide pin 12 thereof to be helically
guided in the slot-like slide guide 11 of the sleeve 10. This helical movement
pushes the locking pin 9 out of the sleeve 10 (in the drawing, to the right), so that
after completing this movement it protrudes from the sleeve and would thereby
lock a tool to the tool holder.

Two elements for position monitoring, the sensors 13, monitor the position of the
locking pin 9 through the position of the guide pin 12. In the unlocked state shown,
the guide pin is aligned so that the sensor 13, which monitors the unlocked posi-
tion (left-hand sensor in Fig. 2, right-hand sensor in Fig. 3) is triggered. In the
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shown in Fig. 3, a guide pin extension 17 is helpful which enables the guide pin

to project at least at its end position from the housing and permits additional visual

inspection. The locking device can be connected via an adapter 14 to the sleeve

or to the tool holder. A brake 15 allows blocking of the locking device, so that no

manual or automatic adjustment is possible.

Figures 4 and 5 show a preferred embodiment in the locked state, from the side

and from the rear. Compared to Figures 2 and 3 the locking pin 9 is now in the

extended state (locking state). In the locked state shown, the guide pin is aligned

such that the sensor 13, which monitors the locked position (right sensor in Fig.

2,

left sensor in Fig. 3) is triggered.

List of reference numbers:
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: Locking device
: Control system
: Tool holder

: Electric motor
: Gear unit

: Gear shaft

: Sliding shaft

: Axial guide

: Locking pins

: Sleeve

: Slide guide

: Guide pin

: End position monitoring system
: Adapter

: Brake

: Housing

: Guide pin extension
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Patentkrav

1. L&seindretning (1) til lasning af et veerktoj i en vaerktgjsholder (3) i et dreje-
bor-anlaeg, og som omfatter en hylse (10), et lasebolt (9), et bevaegelsesanlaeg
og et styreanleeg (2), og hvor hylsen (10) formsluttende omslutter lasebolten (9),
sa at sidstnaevnte i hylsen kan drejes omkring sin laengdeakse og derved forsky-
des parallelt med naevnte laengdeakse, og hvor Iasebolten (9) i det mindste om-
fatter en radialt udad forlgbende foringsstift (12), som er fort i en kulisse i hylsen
(10), og hvor beveegelsesanlaegget i det mindste har en elektromotor (4) og
mindst en aksel, hvilken aksel ved hjeelp af kraft fra elektromotoren (4) kan be-
virke en relativ drejning af hylsen (10) og lasebolten (9), kendetegnet ved, at
laseindretningen (1) omfatter et positionsovervagningsanlaeg, som er saledes ud-
formet, at det, nar det skal male positionen af lasebolten (9), s& bestemmer po-

sitionen af lasebolten (9) ved at male positionen af foringsstiften (12).

2. Laseindretning (1), kendetegnet ved, at foringsstiften (12) er fort i en slids-
agtig udtagning i hylsen (10), hvilken slidsagtige udtagning straekker sig skrat el-
ler efter en skruelinje i forhold til hylsens (10) laengderetning, idet slidsen er séle-
des udformet, at den tillader en sddan drejning af faringsstiften (12), at drejningen
ikke er starre end 360° fortrinsvis ikke storre end 180°.

3. Léseindretning (1) ifolge et af de foregdende krav, kendetegnet ved, at be-
veegelsesanlaegget i det mindste har et drev (5), isaer mindst et vinkeldrev, og at
dette mindst ene drev (5) er drevet ved hjeelp af en drejebevasgelse fra mindst en
elektromotor (4), idet drejningen bevirker drejning af beveegelsesanlaeggets ak-

sel.

4. Laseindretning (1) ifolge et af de foregadende krav, kendetegnet ved, at be-
vaegelsesanlaegget i det mindste omfatter en bremse (15) til forhindring af en
drejning af bevaegelsesanlaeggets aksel, fortrinsvis en bremse (15), som virker
direkte pa elektromotorens (4) aksel, pa drevet (5) og/eller en relativ drejning af
lasebolten (9) og hylsen (10).
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5. L&seindretning (1) ifolge et af de foregaende krav, kendetegnet ved, at be-
veegelsesanlaegget er fast forbundet med hylsen (10), fortrinsvis ved hjeelp af et
tilpasningsorgan (14), s at en drejning af akselen bevirker en drejning af Iase-
bolten (9) i hylsen (10), nar bevaegelsesanlaegget (1) pa stiv made ligger pa linje
med hylsen (10).

6. Laseindretning (1) ifalge et af de foregaende krav, kendetegnet ved, at sty-
reanleegget (2) omfatter enheder til styring af beveegelsesanlaegget, sa at bevee-
gelsesanlaegget, iseer ved hjeelp af et eksternt styresignal, kan bevaege lasebol-

ten (9) hen i en lasende stilling eller ikke-lasende stilling.

7. Léaseindretning (1) ifalge et af de foregaende krav, kendetegnet ved, at |&-
seindretningen (1), iseer styreanleegget (2), omfatter et energilager, iseer batterier
eller akkumulatorer, som kan levere tilstraekkelig energi til mindst en oplasnings-
og/eller laseprocedure, og at laseindretningen (1) fortrinsvis er et anlaeg, som
muligger udvindelse af energi fra drejningen af vaerktgjsholderen (3) i forhold til

ubeveaegelige dele i drejebor-anlaegget.

8. Léaseindretning (1) ifalge et af de foregaende krav, kendetegnet ved, at |&-
seindretningen er saledes udformet, at et endeomrade pa den i kulissen fgrte
foringsstift (12) rager ud over randen pa hylsen (10), og at positionsovervagnings-
anlaegget har mindst en foler eller mindst et par folere og er udformet til isser at
kunne overvage laseboltens (9) endeposition i den Iaste og/eller ulaste tilstand.

9. Lase-fremgangsmade til lasning af et vaerktgj til en veerktojsholder (3) i et
drejebor-anleeg, og som omfatter mindst en Iaseindretning (1) ifelge de forega-
ende krav, kendetegnet ved falgende trin:

- at man forbinder vaerktojet med veerktgjsholderen (3),
- at man drejer mindst en lasebolt (9) i forhold til hylsen (10), som er tilknyttet
til naevnte lasebolt (9), og dette ved hjaelp af mindst en elektromotor (4).
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10. Fremgangsmade ifalge krav 9, kendetegnet ved, at der anvendes et posi-
tionsovervagningsanlaeg til at styre et bevaegelsesanlaeg, iseer til at bevaegelses-
anlaegget forbliver i beveegelse sé leenge, at der nés en endeposition, og/eller et
alarmanlaeg aktiveres, nar veerkigjet eller vaerktajsholderen (3) bevaeges, uden

at der er sket en lasning.
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