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(57) Abrégé/Abstract:

The invention relates to a method for operating a machine tool (1), in particular a core drill, comprising an electric motor for driving a
drilling tool, in particular a core drill bit (9), and comprising an open- and closed-loop controller for open- and closed loop control of
the motor power by means of the motor current of the electric motor, characterized by the method steps: operating the machine
tool (1) in a tapping mode at a first rotational speed value, wherein the first rotational speed value is lower than a predetermined
idling speed value of the electric motor; detecting a predetermined first threshold value for the motor current; reducing the motor
current to a predetermined second threshold value (I 0) when the first threshold value for the motor current is exceeded; operating
the machine tool (1) at a second rotational speed value, wherein the second rotational speed value is lower than the first rotational
speed value; operating the electric motor at a predetermined motor current value; and operating the open- and closed-loop
controller for closed loop control of the motor power by means of the motor current with an oscillating action. The invention further

relates to a machine tool operable by the method.
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(54) Title: METHOD FOR OPERATING A MACHINE TOOL, AND MACHINE TOOL OPERABLE BY THE METHOD

(54) Bezeichnung :
BETREIBBAR MIT DEM VEFAHREN

VERFAHREN ZUM BETREIBEN EINER WERKZEUGMASCHINE UND WERKZEUGMASCHINE

(57) Abstract: The invention relates to a method for operating a machine tool (1), in particular a core drill, comprising an electric
motor for driving a drilling tool, in particular a core drill bit (9), and comprising an open- and closed-loop controller for open- and
closed loop control of the motor power by means of the motor current of the electric motor, characterized by the method steps:
operating the machine tool (1) in a tapping mode at a first rotational speed value, wherein the first rotational speed value is lower
than a predetermined idling speed value of the electric motor; detecting a predetermined first threshold value for the motor current;
reducing the motor current to a predetermined second threshold value (1 ,) when the first threshold value for the motor current is
exceeded; operating the machine tool (1) at a second rotational speed value, wherein the second rotational speed value is lower than
the first rotational speed value; operating the electric motor at a predetermined motor current value; and operating the open- and
closed-loop controller for closed loop control of the motor power by means of the motor current with an oscillating action. The
invention further relates to a machine tool operable by the method.

(57) Zusammenfassung:
[Fortsetzung auf der ndchsten Seite]



CA 03015145 2018-08-20

WO 2017/157815 A1 WK 00000 T O

Veroffentlicht:

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Verfahren zum Betreiben einer Werkzeugmaschine (1), insbesondere einer Kernbohrmaschine, mit einem Elektromotor zum
Antreiben eines Bohrwerkzeugs, insbesondere einer Bohrkrone (9), und mit einer Steuer- und Regelvorrichtung zum Regeln und
Steuern der Motorleistung mittels Motorstroms des Elektromotors, gekennzeichnet durch die Verfahrensschritte Betreiben der
Werkzeugmaschine (1) in einem Anbohrmodus mit einem ersten Drehzahlwert, wobei der erste Drehzahlwert geringer ist als ein
vorbestimmter Leerlaufdrehzahlwert des Elektromotors; Ermitteln eines vorbestimmten ersten Schwellwerts fiir den Motorstrom;
Reduzieren des Motorstroms auf einen vorbestimmten zweiten Schwellwert (1 ,) wenn der erste Schwellwert fiir den Motorstrom
iberschritten wird; Betreiben der Werkzeugmaschine (1) mit einem zweiten Drehzahlwert, wobei der zweite Drehzahlwert
geringer ist als der erste Drehzahlwert; Betreiben des Elektromotors mit einem vorbestimmten Motorstromwert; und Betreiben der
Steuer- und Regelvorrichtung zum Regeln der Motorleistung mittels Motorstroms in einem oszillierenden Verhalten. Sowie eine
Werkzeugmaschine betreibbar mit dem Verfahren.
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METHOD FOR OPERATING A MACHINE TOOL, AND MACHINE TOOL OPERABLE BY
THE METHOD

TECHNICAL FIELD

The invention relates to a method for operating a machine tool, in particular a core drill,
comprising an electric motor for driving a drilling tool, in particular a core drill bit, and
comprising an open- and closed-loop controller for open- and closed loop control of the motor
current of the electric motor. The invention further relates to a machine tool operable by the

method.

BACKGROUND

Cutting tools like core drill bits are made to rotate by core drills in order to cut holes in hard
materials. The materials may be, for example, concrete, cement, brickwork, or the like. To
properly cut a hole into the hard material, the core drill bit is attached to the core drill and
brought into rotational motion with the assistance of the core drill's electric motor. The core
drill is typically attached to the particular material into which the hole is to be cut with the
assistance of a drill stand. The drill stand is attached to the material (i.e. for example, screwed
to or interlocked with it or attached by a vacuum device at the foot of the drill stand). For
practical purposes, a propulsion device is positioned between the core drill and the drill stand.
The purpose of the propulsion device is to move the core drill together with the core drill bit
along the drill stand. The propulsion device can be operated either manually by the user, i.e.
with the assistance of a hand wheel, or automatically, i.e. by its own drive motor. In the
automatic variation of the propulsion device, the movement process or push along the drill

stand takes place following a saved program.

To allow for precise positioning at the start of the core drilling process and to prevent the core
drill bit from slipping on the material being processed, the core drilling process typically begins
with a so-called tapping mode. In this mode, the core drill bit is operated at a relatively low
rotational speed. The propulsion device simultaneously drives the core drill, together with the

slowly rotating core drill bit, in the direction of the material, likewise at a relatively slow speed.

After the core drill bit comes into contact with the surface of the material (e.g. concrete), it is

pressed to the material with a relatively low contact pressure. As the material is typically
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relatively hard, if the contact pressure on the core drill bit is too high, the core drill bit's

rotational speed may drop sharply or the core drill bit may come to a complete stop.

The low rotational speed also reduces the drilling and cutting power of the core drill bit,

allowing only little drilling heading into a hard material.

BRIEF SUMMARY

The aim of the invention is therefore to specify a method for operating a machine tool, in
particular a core drill, that solves the problem described above and can in particular achieve
a sufficiently high drilling and cutting power of the core drill bit at a relatively low rotational

speed.

The aim is therefore achieved by a method for operating a machine tool, in particular a core
drill, comprising an electric motor for driving a drilling tool, in particular a core drill bit, and
comprising an open- and closed-loop controller for open- and closed-loop control of a power
of the electric motor via a motor current of the electric motor.

According to the invention, the method comprises the following method steps:

— Operating the machine tool in a tapping mode at a first rotational speed value, wherein
the first rotational speed value is lower than a predetermined idling speed value of the
electric motor;

— Detecting a predetermined first threshold value for the motor current;

— Reducing the motor current to a predetermined second threshold value when the first
threshold value for the motor current is exceeded;

— Operating the machine tool at a second rotational speed value, wherein the second
rotational speed value is lower than the first rotational speed value;

— Operating the electric motor at a predetermined motor current value, wherein the
predetermined motor current value is a holding current for the motor current and wherein
the holding current increases a rotational speed of the core drill bit after a reduction of a
contact pressure of the core drill bit against a material and an associated drop in a
resistance to the electric motor; and

— Operating the open- and closed-loop controller for closed loop control of the motor power

via the motor current with an oscillating motion.

The oscillating motion of the open- and closed-loop controller causes current to be fed into the
electric motor in pulses, allowing sufficiently high drilling and cutting power of the core drill bit
to be achieved at a relatively low rotational speed. A controlled and evenly paced heading into
the material being processed is achieved with the assistance of the increased power at low

rotational speed.

IRACTIVE-8359215.1
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3
In an advantageous embodiment of the present invention, it is possible for the predetermined

threshold value to be the transition point for the motor current.

In another advantageous embodiment of the present invention, it is possible for the

predetermined motor current value to be the holding current for the motor current.

It is also the aim of the invention to specify a machine tool that can implement the method
described above.

In an advantageous embodiment of the present invention, it is possible for the electric motor

to be a universal motor.

IRACTIVE-8359215.1
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Further advantages become evident from the following description of figures. The figures

illustrate various example embodiments of the present invention. The figures, the description,

and the claims contain numerous features in combination. The person skilled in the art will

also consider the features individually and synthesize them into meaningful additional

combinations as useful.

BRIEF DESCRIPTION OF THE DRAWINGS

Identical and similar components are labelled by the same reference symbols in the figures.
The figures are as follows:

Fig. 1 A schematic depiction of a machine tool as described in the invention;

Fig. 2 A graphical depiction of a motor characteristic at e.g. 20000 rpm;

Fig. 3 A graphical depiction of a motor characteristic with a corresponding reduction to 15%
of the rotational speed value in Fig. 1;

Fig. 4 A graphical depiction of the motor current profile with a holding current value; and

Fig. 5 A graphical depiction of the motor current profile with oscillating motion of the closed-

loop control unit.
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Date Regue/Date Received 2022-01-27



10

15

20

25

30

WO 2017/157815 PCT/EP2017/055766

5
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENT

Fig. 1 shows a machine tool 1 as in the present invention. The machine tool 1 is a core drill

for cutting holes in hard materials W such as concrete, cement, brickwork, or the like.

The machine tool formed as a core drill 1 is movably attached to a drill stand 3 by a drive
device 2. The drill stand 3 comprises essentially a foot mechanism 4 and a guide rail 5. As
shown in Fig. 1, the foot mechanism 4 can be fastened horizontally to a substrate W to be
processed. The fastening is done by screws that are not shown in the figures. However, it is
also possible for the fastening to be done by interlocking or by a vacuum device on the foot
mechanism of the drill stand 3. The vacuum device generates negative pressure that holds
the drill stand to the ground. The interlocking or vacuum device are not shown in the figures.
Alternatively, the foot mechanism 4 can also be fastened to a vertical wall or inclined plane so
that the whole drill stand 3 can be mounted or held to the vertical wall or inclined plane. The
guide rail 5 extends at a 90° angle to the foot mechanism 4 (see Fig. 1). Alternatively, the
guide rail 5 can also be attached to the foot mechanism 4 at an angle greater or lesser than
90°.

The guide rail 5 further contains a gear rod device 6 on one side that extends roughly the

whole length of the guide rail 5.

As already mentioned above, the drive device 2 is positioned between the core drill 1 and the
drill stand 3. The core drill 1 can be moved along the guide rail 5 of the drill stand 3 with the
assistance of the drive device 2. In the example embodiment depicted in Fig. 1, the core drill
1 can be moved reversibly in arrow direction A or B. To do this, the drive device 2 possesses
a first fastening device by which the core drill can be detachably attached to the housing of

the drive device 2. The first fastening device is not depicted in the figures.

In addition, the drive device contains a second fastening device by which the housing of the
drive device 2 can be attached to the guide rail 5 of the drill stand. The second fastening
device is also not depicted in the figures. To do this, the second fastening device has a holding
unit (not depicted) and a gear wheel unit (also not depicted). The drive device 2 is held to the
guide rail 5 with the assistance of the holding unit. The congruently formed gear wheel

IRACTIVE-8359215.1
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interlocks with the gear rod device and in this way guides the drive device 2 along the guide
rail 5. The drive device 2 has another drive in order to shift the gear wheel unit into rotational
motion. The drive may be an electric motor with a gearbox or transmission unit. The electric
motor may, for example, be a universal motor. However, other suitable electric motors are
possible.

Neither the drive nor the gearbox or transmission unit are depicted in the figures.

In an alternative embodiment (not depicted in the figures), the drive device 2 can also have a
hand wheel for manual actuation of the drive device instead of an electric motor as drive. The

hand wheel is not depicted in the figures.

The drive device 2 further comprises a closed- and open-loop controller by which the motion
parameters, i.e. the speed, distance, start and end point of motion, and other parameters of
the drive device relative to the drill stand can be subject to closed- or open-loop control. Te
allow operation by the user, the drive device 2 comprises a user interface 7 (called an MM! =

man-machine interface) by which the drive device 2 can be operated.

The machine tool 1 formed as a core drill comprises essentially a housing, a drive unit, a
transmission, an open- and closed-loop controller, an input shaft and an output shaft 8. The
open- and closed-loop controlier comprises a regulator for closed- and open-loop control of
the motor current. The drive unit, the transmission, the open-loop controller, and the input
shaft are not depicted in the figures. A drill tool 9 in the form of a core drill bit is attached to
the output shaft. The core drill bit 9 has a cutting edge 10 at one free end using which the
material being processed can be cut in order to create a drill hole. To do this, the drive unit
formed as an electric motor shifts the core drill bit 9 into rotational motion in the direction N.
Both the core drill bit 9 and the output shaft rotate around the shared rotational axis R.

The purpose of the open- and closed-loop controller is open- and closed-loop control of the
drive unit formed as an electric motor. It is in particular the rotational speed of the electric
motor that is subject to open- or closed-loop control. In addition, a specific mode can be set
accordingly to the particular situation of the drilling process. The open- and closed-loop
controller possesses multiple modes. The gear can also be selected and set using the open-
and closed-loop controller.

IRACTIVE-8359215.1
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To execute the actual drilling process, the core drill 1 with its attached core drill bit 9 is

positioned on and fastened to the material W being processed by the drill stand 3.

A gear is selected and set on the transmission of the core drill 1 using the open- and closed-
loop contraller. The gear being selected is determined by the diameter of the core drill bit 9
being used. The selected gear determines the electric motor's rotational speed at which it is
to turn. The transmission and in particular the selected gear of the transmission allow the core
drill bit 9 turn at a corresponding rotational speed.

Next, an on- and off-switch on the core drill 1 is activated. The on- and off-switch is part of the
open- and closed-loop controller and is not depicted in the figures.

After the on- and off-switch is activated, the core drill bit 9 begins to turn in the direction N.
The core drill bit 9 and in particular the cutting edge 10 of the core drill bit 9 are still located
above the material W (in the arrow direction B) at the start of the drilling process. The position

of the core drill bit 9 above the material W is not shown in the figures.

At the start of the drilling process and in particular when the core drill bit 9 is still located above
the material W being processed, a specific mode of operation of the core drill 1 is selected via
an input on the open- and closed-loop controller. In this specific mode, the core drill bit 9 and/or
the output shaft 8 turns at an idling speed (nQ).

Then a second mode is selected via an input on the open- and closed-loop controller. This
mode is called a tapping mode. In this tapping mode, the rotational speed of the core drill bit
9 and/or the output shaft 8 is reduced so that it is lower than the idling speed. The rotational
speed in tapping mode is roughly 50% less than the idling speed (<50% of n0).

Thereafter the core drill 1 with the rotating core drill bit 9 is moved by the drive device 2 along

the guide rail 6 of the drill stand 3 towards the material W (arrow direction A in Fig. 1).

As soon as the cutting edge 10 of the core drill bit 9 comes into contact with the surface of the
material W, the core drill bit 9 is pressed against the material W with a relatively low contact

pressure (arrow direction A) in order to cut a first guide channel into the surface of the

IRACTIVE-8359215.1
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material W. The contact pressure is generated by the drive device 2 and subjected to closed-
or open-loop control by the closed- or open-loop controller of the drive device 2.

The depth in arrow direction A is typically between 2 and 5 mm. A relatively low contact
pressure is needed for this, as otherwise the high resistance of the hard material W causes
the rotational speed of the core drill bit 9 to drop too steeply and the core drill bit 9 may even
come to a complete stop. If the rotational speed is too low, the power of the core drill bit 9 is
also correspondingly reduced, i.e. in particular the cutting power of the core drill bit 9 in the
material W, as a result of which adequate drilling progress cannot be achieved.

The machine tool 1 formed as a core drill further comprises a number of sensors that can
measure the actual rotational speed of the output shaft 8 and the core drill bit 8 at any time.
The sensors are not depicted in the figures. The values measured by the sensors are
forwarded to the open- and closed-loop controller of the core drill 1 and to the open- and

closed-loop controller of the drive device 2 for analysis.

If the contact pressure of the core drill 9 on the material W exceeds a certain threshold value,
a predetermined first threshold value for the motor current can be determined using the
sensors. The first threshold value is predetermined by a control voltage supply discharge. The
predetermined first threshold value indicates an overly strong reduction of rotational speed as
a result of the overly large contact pressure and a corresponding drop in the power of the core
drill bit 9. The predetermined first thrashold value can be the so-called transition point for the
motor current (lyans) Of the electric motor.

An overly strong rotational speed reduction and an associated drop in power mean in this
context that the core drilling process can no longer be executed efficiently (i.e. very slow
drilling progress) or even that the core drill bit 9 has come to a complete stop in the material
W. The overly strong rotational speed reduction and the corresponding drop in power of the
core drill bit 9 are routed to the open- and closed-loop controller of the core drill 1 and to the
open- and closed-loop controller of the drive device 2. As a result of this, the open- and closed-
loop controller of the core drill 1 imposes a so-called holding current lg on the electric motor.
After a reduction of the core drill bit's 9 contact pressure against the material W and an
associated drop in the resistance to the electric motor of the core drill 1, the holding current |q
acts to increase the rotational speed of the core drill bit 9 again. The core drill 1 need not be
fully stopped first (i.e. rotational speed is zero) and the rotational speeds then slowly

IRACTIVE-8359215.1
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increased again. The present invention thereby makes it possible to operate the core drill 1
with fewer and/or shorter interruptions. As a result of this, the core drilling process as a whole
can be organized in a considerably more efficient manner.

Fig. 2 and 3 show the graphical behavior of the rotational speed N of the electric motor at the
motor current Imet given the use of a core drill 1 with a rotational speed of, for example, 20,000
rom (= revolutions per minute) during a core drilling process. Starting from the transition point

(Nirans, lrans), the holding current lo is imposed on the electric motor,

The section labelled | depicts the normal rotational speed control. The section labelled 1l
depicts the rotational speed control on a natural characteristic curve (i.e. manipulated variable:
power = 100%). The section labelled 11l depicts the current control.

Fig. 3, in contrast, shows the graphical behavior of the rotational speed N of the electric motor
at the motor current Imot given the use of a core drill 1 with reduced rotational speed in tapping
mode during the tapping phase of the core drilling process. The reduction of the rotational

speed is, for example, 15% of the idling speed before the start of the core drilling process.

A comparison of the graphical behavior in Fig. 2 and 3 to each other shows that in Fig. 3, in
contrast to Fig. 2, the transition point is earlier or is reached relatively early. For example, the
transition point for the motor current given the use of a core drill 1 with a rotational speed of
e.g. 20,000 rpm during a core drilling process is approx. 19 A. In comparison, the transition
point for the motor current given the use of a core drill 1 with reduced rotational speed (15%
of idling speed) in tapping mode during the tapping phase of the core drilling process is only
13A.

After the transition point is exceeded (see Fig. 3), the holding current is approx. 8.5 A (see Fig.
4). However, this means that given a corresponding rotational speed only very little power is
available to continue turning the core drill bit 9 after stoppage. The rotational speed can drop

to zero (i.e. complete stop) here.

The open- and closed-loop controller of the core drill 1 allows the electric motor to pulse
because the regulator for closed- and open-loop control of the motor current vacillates
(oscillating motion). The resulting current curve is shown in the graphical depiction in Fig. 5.
Care should be taken that the RMS value (effective value) of the motor current does not
exceed predetermined threshold values. The pulses given to the electric motor can be random

or subject to open- or closed-loop control.

IRACTIVE-8359215.1
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Because of the oscillating motion or vacillation of the regulator, the power output of the core

drill bit 9 is increased at a low rotational speed.

IRACTIVE-8359215.1
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CLAIMS

1. A method for operating a machine tool, wherein the machine tool includes an electric motor
for driving a core drill bit and an open-and closed-loop controller for open- and closed-loop
control of a power of the electric motor via a motor current of the electric motor, comprising

the steps of:

operating the machine tool in a tapping mode at a first rotational speed value, wherein

the first rotational speed value is lower than a predetermined idling speed value of the

electric motor;

- detecting a predetermined first threshold value for the motor current;

- reducing the motor current to a predetermined second threshold value when the first
threshold value for the motor current is exceeded;

- operating the machine tool at a second rotational speed value, wherein the second
rotational speed value is lower than the first rotational speed value;

- operating the electric motor at a predetermined motor current value, wherein the
predetermined motor current value is a holding current for the motor current and
wherein the holding current increases a rotational speed of the core drill bit after a
reduction of a contact pressure of the core drill bit against a material and an associated
drop in a resistance to the electric motor; and

- operating the open- and closed-loop controller for closed loop control of the motor

power via the motor current with an oscillating motion.

2. The method according to claim 1, wherein the predetermined first threshold value is a

transition point for the motor current.

3. The method according to any one of claims 1 and 2, wherein the machine tool is a core
drill.

4. A machine tool operable by the method according to claim 1.

5. The machine tool according to claim 4, wherein the electric motor is a universal motor.
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