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(57) Abrégée/Abstract:
The invention relates to a machine tool (10), in particular a cutting machine tool, comprising at least one digital storage unit (34) In
which a machining program code that codes the machining process of a workpiece by means of the machine tool (10) and a
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(57) Abrege(suite)/Abstract(continued):

monitoring program code that codes a monitoring process for monitoring the machining process are stored. According to the
Invention, a script editor (38) for inputting and/or reading modification commands that change the monitoring process are stored In
the digital storage unit (34), and a compiler which Is designed to automatically generate an executable process-monitoring program
code from the monitoring program code and the modification commands Is stored In the digital storage unit (34).



CA 02972330 2017-06-277

ABSTRACT

Machine tool (10), in particular a cutting machine tool, comprising at least
one digital storage unit (34) in which a machining program code that codes
the machining process of a workpiece by means of the machine tool (10)
and a monitoring program code that codes a monitoring process for moni-
toring the machining process are stored. According to the invention, it is
intended that a script editor (38) is stored in the digital storage unit (34) for
inputting and/or reading modification commands that change the monitoring
process, and a compiler is also stored in the digital storage unit (34) that is
designed to automatically generate an executable process monitoring pro-

gram code from the monitoring program code and the modification com-

mands.
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Method for monitoring a machine tool

The invention relates to a machine tool, in particular a cutting machine tool,
comprising at least one digital storage unit in which a machining program
code that codes the machining process of a workpiece by means of the ma-

chine tool and a monitoring program code that codes a monitoring process

for monitoring the machining process are stored.

According to a second aspect, the invention relates to a method for moni-
toring a machine tool featuring the step of reading a monitoring program
code that codes a machining process program for the machining process of

a workpiece by means of the machine tool.

The purpose of monitoring systems for machine tools Is to monitor the ma-
chining process by means of the machine tool. Additional elements, such as

torques, drive powers and/or forces, can also be recorded and continually

compared with a pre-determined process. Any deviations that may occur
indicate an error in the process and a warning signal can be emitted, or the

machining process halted. A method of this type is described in DE 10 2009
025 167 B3.

To be able to quickly recognise errors in the machining process, the moni-
toring process has to work at a high sampling rate, meaning that a large

number of measured values must be recorded and processed per time unit.

Despite the advantages provided by monitoring a machining process, it has

thus far, for the most part, only been possible to conduct process monitor-

INg in mass production.

The invention aims to improve the monitoring of machine tools such that it

is also possible to create a monitoring program for the machining process

of small series’ without too great an effort.
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The invention solves the problem by means of a machine tool according to
the introductory part of claim 1 in whose digital storage unit a script editor Is
stored for inputting and/or reading modification commands that change the
monitoring process, wherein a compiler that 1s designed to automatically
generate an executable process-monitoring program code from the monitor-
INng program code and the modification commands is also stored in the stor-
age unit. The invention also solves the problem by means of a machine tool

monitoring device with the features in claim 9.

According to a second aspect, the invention solves the problem by means
of a method according to the introductory part of claim 10 featuring the
steps: recording of at least one modification command by means of a script

editor; an automatic generation of a compiled or pre-compiied process

monitoring program code from the monitoring program code and the modifi-
cation commands; and a monitoring of the machine tool by means of a
process monitoring program code. In other words, the monitoring of the
machine tool should be understood to mean the monitoring of the machin-

iIng process that is executed by the machine tool.

The advantage of the invention is that it enables the machining process of

workpieces in small series’. To date, the complexity of generating a moni-

toring program for the machining process of small series’' has been so great
that the gains in process reliability have not justified the monitoring. The
Invention enables an existing machining process program o be individually

adjusted to the particular machining process task.

It i1s also advantageous that a monitoring unit that comprises the digital
storage unit and a processor can be utilized especially efficiently. This en-
ables the monitoring program code to be written such that it requires a par-
ticularly small number of resources and can be rapidly processed. This

generally results in the monitoring program code being difficult to read for
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human beings. This is especially true if the monitoring program code ap-

pears in a compiled format. Thanks to the script editor, program modules
can be maintained in a run-time optimized and pre-prepared format, and
can be activated and deactivated by the modification commands. This

means that it is only necessary to retain the essential part of the process
monitoring program in the monitoring unit, but not parts that have merely

been programmed as a precaution and are not used.

On the basis of the present description, the feature that the machine tool
comprises at least one digital storage unit should be understood particularly
to mean that it is possible that the machine tool comprises two, three or

more digital storage units. It is possible, but not necessary, for the monitor-

ing program code and/or the process monitoring program code to be stored

in one of these storage units. In particular, it is also possible that the corre-

sponding program codes are divided across two or more storage units.

The compiler should be understood particularly to mean a program that is
at least also designed to conduct a syntax check of the monitoring program

code and the modification commands, and to generate a machine code or

an intermediate language.

The machine code should be understood to mean a sequence of com-

mands that can be carried out automatically, without any further conversion,
by a machine control system that is a component of a machine tool accorad-

ing to the invention and controls the machining process of the material.

The intermediate language should be understood to mean a sequence of
characters which can be translated into machine language without a syntax
check. The intermediate lanquage preferably refers to bytecode, IL (inter-

mediate language) or MSIL (Microsoft intermediate language).

The monitoring program code should be understood to mean a sequence of
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commands that describes the monitoring process, i.e. it codes. The moni-

toring program code may be available in a compiled format, for example In

machine language, and/or an uncompiled format.

The machine tool monitoring device should be understood particularly to

mean a device that is designed to connect with a machine such that the two

combine to form a machine tool according to the invention.

The feature that the script editor is designed for inputting and/or reading
should be understood particularly to mean that one or several commands
can be entered into the script editor, for example by means of a keyboard
and/or touch screen, and that a command entered in this manner can be
accessed. The script editor may also be designed to select functions by
means of a graphic user interface, resulting in the compiler permanently

integrating the functions into the executed monitoring code. The compiler

may comprise a linker.

When a command is referred to, this should be understood to mean at least

one command.

The machine tool monitoring device should be understood particularly to
mean a device that is designed to connect to a control unit of a machine

tool such that performance indicators can be retrieved from the control unit.

The machine tool preferably has a monitoring unit that comprises the at
least one storage unit and a processor which is configured to generate and
process the process monitoring program code. In other words, the process
monitoring program code is both generated and processed by the same
processor. This allows the process monitoring procedure that is coded by
the process monitoring program code to be easily adjusted. It I1s only nec-
essary to amend the modification commands in the script editor, which -
according to a preferred embodiment - also runs on the processor. The

processor can then generate and execute the process monitoring program
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code. In particular, it is possible to respond spontaneously to changing de-

mands on the monitoring by altering the process monitoring procedure by

changing the modification commands.

It is possible, but not necessary, for the monitoring unit to be part of the
machine control system. It I1s also possible that the machine control system
has a control system processor that is different to the processor in the
monitoring unit. 1t 1s beneficial if the monitoring program code codes a
monitoring process that captures acceleration data which describes a linear
tool head acceleration of the tool spindle, wherein the compiler is designhed
in such a way that, by means of the modification commands, it Is possible

to select the machine axes whose accelerations are included in a vector

sum for the calculation of the tool head acceleration.

According to a preferred embodiment, the machine tool comprises a first
drive, at least a second drive, a machine control system that is designed to
capture a first performance indicator which describes a first drive torque of
the first drive, and a second performance indicator which describes a sec-
ond drive torque of the second drive, wherein the script editor i1s configured
to input and/or read a modification command in the form of a selection
command and wherein the compliler Is designed such that, by means of the
selection command, it is possible to select the performance indicator on

which the execution of the monitoring procedure Is based.

The performance indicator should be understood to mean a measured
value which, in the event of a change of said value, unequivocally indicates
a change In the torque of the respective drive. For example, the perform-

ance indicator may refer to the current drive power or the electric motor cur-

rent of the drive.

A data source can be selected by means of the selection command. In

other words, by means of the selection command, it is possible to select the
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relevant component of the machine tool about which related data is cap-

tured by the process monitoring program code and used for monitoring.

It is thus possible to monitor only the machine axis which moves the tool. If,
within the scope of the monitoring program, the revolver that moves tools
so they can be removed by a tool holder Is driven, the selection command

can be used to select the drive of the revolver such that only the drive

torque of the drive of the revolver is monitored.

It Is also beneficial if the script editor is configured to input and/or read a
modification command in the form of a script selection command by means
of which pre-prepared monitoring modules or scripts can be retrieved. It is
then possible, by means of a selection command and a script selection
command, to determine which data should be processed by which program
modules at which point in the monitoring. If the monitoring task then

changes because, for example, an additional tool Is introduced, the pro-

gram monitoring procedure can be easily modified.

The machine tool preferably comprises (a) a tool spindle that has a tool
holder for holding a tool for the machining process of the workpiece, and (b)

a machine control unit by means of which the tool that Is held in the tool

holder can be recorded, wherein (c) the script editor 1s configured to Input

and/or read a modification command in the form of a condition command
and wherein (d) the compiler is designed such that the drive torque on
which the execution of the monitoring process is based can be selected at

least also by means of the condition command, depending on the tool held.

The condition command causes the machine control system {o read which
tool i1s held in the tool holder, 1.e. which tool will carry out the next machin-
INg process. The load parameter to be monitored i1s then selected depend-
Ing on this tool. For example, if the tool held 1s a drill, 1t may be useful to

monitor the drive torque of the spindle that rotates the drill. Conversely, if
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the tool is a milling head, it may be advantageous to monitor the torque of
the respective machine axis that is responsible for the feed movement of
the milling cutter. It should be noted that it is possible to monitor several
machine axes, particularly by calculating a common performance indicator.
This performance indicator may be a measurement for the feed force, for

example. A condition command may also consist of several partial com-

mands.

The first drive is preferably a tool spindle that comprises a tool holder for
holding a tool for the machining process of the workpiece, wherein the sec-
ond drive is a propulsion axis, i.e. a machine axis, that causes a feed
movement of the tool. It is also possible that one of the two drives Is the

drive of a revolver, by means of which a tool can be fed.

The machine tool preferably comprises a first machine axis, at least a sec-
ond machine axis and at least a too! spindle for holding and driving a tool. It
is beneficial if the monitoring program code codes a monitoring process that
captures at least one measured value that is allocated to a machine axis,
wherein the measured value can be used to determine a force component
acting on the tool head, wherein the compiler is designed such that the
modification command can be used to select the machine axes whose allo-
cated measured values are included in a vector sum for the calculation of a

force acting on the tool head.

In this context, the tool head should be understood to mean the component
of the machine tool that can be positioned in the space using the propulsion
axis and to which the workpiece is attached. Due to the fact that it Is possi-
ble to select the machine axes whose measured values are included in a

vector sum, it is especially easy to calculate the force acting on the tool

head.
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The machine control system is preferably designed to automatically control

the at least one machine axis with the aid of the machining process pro-
gram and to generate at least one sequence of measured values, subject to
a control variable that characterises the progress of the machining process
program. For example, this control variable may be the time or the total
product from the time multiplied by the respective value of a global speed

controller, which may also be referred to as an override control system and

indicates the processing speed of the machining process program.

It is beneficial if the script editor is configured to input and/or read a modifi-
cation command in the form of a filter command, wherein the compiler is
designed such that the filter command can be used to apply a mathematical
filter to the pre-defined sequence of measured values. A filter of this type is
a transformation which assigns an input sequence, namely the sequence of
measured values, and an output sequence, or a vector and a scale. Exam-
ples for filters include smoothing filters, extremes filters that indicate the
maximum and/or minimum of a sequence in a predetermined interval, mean
value filters or convolution filters. In particular, the filter refers to a non-
recursive filter. It is especially preferable if the filter refers to a reduction
filter. A reduction filter allocates a reduced sequence to a sequence of
measured values, the reduced sequence having fewer consecutive links
with regard to an interval of the control variables, in particular a maximum

of a tenth of the consecutive lIinks.

The script editor is preferably designed to input and/or read a modification

command in the form of a duration command and/or in the form of a meas-
ured value selection from a pre-determined quantity of measured values,
wherein the compiler is designed such that, by means of the duration com-
mand, it is possible to select an interval duration for the calculation of a
maximum value and/or a minimum value of the measured value. This may
refer to a moving calculation, the maximum of which Is calculated over a

moving interval. Alternatively, it is also possible to define the length of con-
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tiguous intervals via the duration command. The duration should be under-

stood particularly to mean a duration that is measured in units of the control

variable.

The script editor is preferably designed to input and/or read a modification
command in the form of a documentation command and a condition, and
the compiler is designed in such a way that, by means of the documentation
command, a document can be generated and/or modified and/or a warning
signal can be generated, subject to the command. A documentation com-

mand may also consist of several partial commandas.

In the following, the invention will be explained in more detail by way of the

attached drawings. They show

Figure 1 a schematic view of a machine tool according to the invention,

Figure 2 a diagram with the method blocks of a method according to the

invention and

Figure 3 a flowchart of a method according to the invention.

Figure 1 shows a schematic view of a machine tool 10 according to the in-
vention that comprises a first machine axis 12, by means of which a first
drive 14 can be moved. The machine tool 10 also has a second machine
axis 16 that is driven by means of a second schematically depicted drive
18. A third machine axis 20 can be driven by a third drive 22. The machine

tool 10 also has a revolver 24 in which the tools 26.1, 26.2, ... are held. The
tool 26.4 is attached to a tool head 28.

The machine tool 10 comprises a machine control system 30 that Is elec-
tronically connected to the drives 14, 13, 22, as well as to a drive of the re-

volver 24 and a spindle 32. The machine tool 10 also has a digital storage
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unit 34 which, in the present case, 1s part of the machine control system 30
and In which a machining process program is stored. A processor 36 of the
machine control system 30 accesses the digital storage unit 34 and controls

the components of the machine tool 10 such that a workpiece is processed

according to a machining process program that is stored in the digital stor-

age unit 34.

A monitoring program code is also stored in the digital storage unit 34,
which codes a monitoring process for monitoring this machining process.
For example, the monitoring process comprises the steps of reading an
output of at least one of the drives 12, 16, 22 and comparing these drive
outputs with the drive outputs of previous machining process cycles. The
machine control system 30 is configured to record a first performance indi-
cator P14 In the form of the current power of the first drive 14, a second per-
formance indicator P4g of a current power of the second drive 18, and a

third performance indicator Py, in the form of a current power of the third

drive 22.

Using these performance indicators and with the aid of the respective
speed of the drive, the machine control system 30 identifies the torque and
from that, the force that is acting on the tool head 28. Alternatively or addi-

tionally, the machine control system 30 identifies a change in the perform-
ance indicators and from that, calculates a change in the force on the tool
head 28. By means of numerical integration of the changes in the force, it is

possible to calculate the current force from a force that is known initially.

Figure 2 depicts a diagram with the method blocks of a method according to
the Invention. First of all, the machine tool monitoring device is switched on,
and the digital storage unit is automatically contacted and a basic program
started that initially checks whether a code is available in one or several
script editors. If that Is the case, the code is read from the script editor (38)

and compiled. If there are no compiling errors, the compiled code is added
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to the existing monitoring program code. The script editor I1s then blocked
for further inputs. The machining process of the machine tool is conducted
with the aid of the process monitoring program code, which comes from the

monitoring program code, which is not altered, as well as the code that is

generated on the basis of the modification commands.

Upon the user's request, the script editor (38) Is released and the user can

change the script that has been entered in the script editor.

If an error with the compiler i1s established, an error message can be issued

so the user can correct the script.

Figure 3 schematically depicts the operating principle of the method accord-
ing to the invention. Measured values, especially performance indicators,
and machine parameters are continually captured by the machine tool 10. A
machine parameter should be understood to mean a value that describes
the non-dynamic state of the machine. For example, the machine parameter
may be a movement parameter or a placement parameter. A placement pa-
rameter indicates which tool and/or which type of tool 1s used for the ma-
chining process. For example, a placement parameter indicates whether
the tool that is currently in use is a milling cutter, a drill, a turning tool or
another tool. The movement parameter indicates the axis along which the

tool should move In the next planned movement.

The measured values are received in the form of digital signals and are ini-

tially pre-processed using the monitoring program code, i.e. a program part

that cannot be changed by an input in the script editor 38. The received,
pre-processed signal is then processed with the aid of a program code that
has also been defined at least by an input In the script editor. If the ma-
chine tool 10 I1s processing a workpiece, the machining process Iis moni-
tored using the process monitoring program code, which comprises ele-

ments of monitoring program code and modification commands.
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Figure 3 shows what the script editor 38 may look like. There are two condi-
tion commands to be input that are used to select which performance indi-
cator is used to monitor the machining process. The type of monitoring
executed with the selected performance indicator is described, for example,

in DE 2009 025 167 B3 and is therefore not described in greater detall.
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Patent claims:

1. Machine tool (10), in particular a cutting machine tool, comprising

(a) atleast one digital storage unit (34) In which

- a machining program code that codes the machining process
of a workpiece by means of the machine tool (10) and

- a monitoring program code that codes a monitoring process for
monitoring the machining process are stored,

characterised by the fact that

(b) a script editor (38) is stored in the digital storage unit (34) for in-
putting and/or reading modification commands that change the
monitoring process, and |

(c) a compiler is stored in the digital storage unit (34) that is de-
signed to automatically generate an executable process monitor-

INg program code from the monitoring program code and the

modification commands.

2. Machine tool (10) according to claim 1, characterised by
- a monitoring unit that comprises the at least one digital storage unit

(34) and a processor (36) which is configured to generate and proc-

ess the process monitoring program code.
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Machine tool (10) according to one of the above claims, characterised

(d)

a first drive (14),
at least a second drive (13),

a machine control system (30) that is designed to record a first
performance indicator (Pq4), which describes a first drive torque

of the first drive (14), and

a second performance indicator (P4g), which describes a second

drive torque of the second drive (18),
wherein the script editor (38) is designed to input a modification
command in the form of a selection command and

wherein the compiler is designed such that, by means of the se-
lection command, it is possible to select the performance indica-

tor (P14, P1g) on which the execution of the monitoring process is

based.

Machine tool (10) according to one of the above claims, characterised

by
(a)

(b)

(C)

(d)

a tool spindle (32) that comprises a tool holder for holding a tool
(26) for the machining processing of the workpiece, and
a machine control system (30), by means of which the tool (26)

that is held in the tool holder can be accessed,

wherein the script editor (38) is designed to input a modification
command in the form of a condition command and

the compiler is designed such that, at least also by means of the
condition command - depending on the tool (26) held - 1t IS possSI-
ble to select the performance indicator, especially the drive

torque, on which the execution of the monitoring process Is

based.

Machine tool (10) according to one of the above claims, characterisead

by
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a first machine axis (12),

at least a second machine axis (16) and

at least one tool spindle (32) for holding and driving a tool (26),
wherein the monitoring process records at least one measured
value which

s allocated to a machine axis (12, 16) and

by means of which it is possible to determine a force component

that Is acting on the tool head (238),

wherein the compiler i1s designed such that, by means of the modifi-
cation command, it is possible to select the machine axes (12, 16)
whose allocated measured values are included Iin a vector sum for

the calculation of a force that is acting on the tool head (28).

Machine tool (10) according to one of the above claims, characterised

by

a machine control system (30) that 1s designed to automatically

drive the at least one machine axis (12) with the aid of the ma-

chining process program and

record at least one sequence of measured values, subject to a

control variable that characterises the progress of the machining

Drocess program

Machine tool (10) according to one of the above claims, characterised

by the fact that

-

the script editor (38) 1s designed to input a modification command in
the form of a duration command and/or a modification command In
the form of a measured value selection from a pre-determined quan-
tity of measured values, and

the compiler 1s designed such that, by means of the duration com-
mand, an interval duration can be selected for the calculation of a

maximum value and/or a minimum value of the measured value.
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Machine tool (10) according to one of the above claims, characterised

by the fact that
- the script editor (38) is designed to Input

a modification command in the form of a documentation com-

mand and

a condition, and

- the compiler is designed such that, by means of the documentation

command,
a document can be generated and/or modified and/or

a warning signal can be generated,

subject to the condition.

Machine tool monitoring device to be connected to a machine tool
(10), comprising
(a) atleast one digital storage unit (34) in which a monitoring pro-
gram code that codes a monitoring process for monitoring the ma-
chining process is stored,
characterised by the fact that
(b) a script editor (38) is stored in the digital storage unit (34) for in-
putting and/or reading modification commands that change the
monitoring process, and
(c) a compiler is stored in the storage unit (34) that Is designed to
automatically generate an executable process monitoring pro-

gram code from the monitoring program code and the modifica-

tion commands.
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10. Method for monitoring a machine tool (10), featuring the step:

(1) Reading of a monitoring program code that codes a monitoring
process for monitoring the machining process of a workpilece by
the machine tool (10),

characterised by the steps:

() recording of at least one modification command in a script editor
(38).

(in) automatic generation of a compiled or pre-compiled process
monitoring program code from the monitoring program code and
the modification commands, and

(Iv) monitoring of the machine tool (10) by means of the process

monitoring program code.
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