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Fig. 3A

Fig. 3D

(57) Abstract: Method for operating a gear cutting machine comprising the following steps: - machining a first workpiece (1) in the
machine, wherein the first workpiece (1) heats up due to the machining, - determining at least one characteristic workpiece variable
in the first workpiece (1) in the heated state, wherein a measuring device of the machine is used for the determination, - determining
a compensation on the basis of the at least one characteristic workpiece variable of the first workpiece (1) and at least one
characteristic workpiece variable of a reference workpiece, wherein - the characteristic workpiece variable of the reference
workpiece is determined in the machine after a steady-state temperature has been reached, - at least one compensation value is
determined in the course of determining the compensation, - adjusting of the machine setting by taking into account the at least one
compensation value, - and machining a further workpiece (2) in the machine.

(57) Zusammenfassung: Verfahren zum Betreiben einer verzahnungsbearbeitenden Maschine mit den folgenden Schritten: -
Durchfiithren der Bearbeitung eines ersten Werkstiicks (1) in der Maschine, wobei sich das erste Werkstiick (1) aufgrund

[Fortsetzung auf der ndchsten Seite]
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der Bearbeitung erwdrmt, - Ermitteln mindestens einer charakteristischen WerkstiickgroBe an dem ersten Werkstiick (1) im
erwidrmten Zustand, wobei zum Ermitteln eine Messvorrichtung der Maschine zum FEinsatz kommt, - Durchfithren einer
Kompensationsermittlung anhand der mindestens einen charakteristischen Werkstlickgrofle des ersten Werkstiicks (1) und
mindestens einer charakteristischen Werkstiickgrofie eines Referenzwerkstiicks, wobei - die charakteristische Werkstlickgré3e des
Reterenzwerkstiicks in der Maschine nach dem Erreichen einer Beharrungstemperatur ermittelt wurde, - im Rahmen der
Kompensationsermittlung mindestens ein Kompensationswert ermittelt wird, - Anpassen der Maschineneinstellung unter
Beriicksichtigung des mindestens einen Kompensationswerts, - Durchfiihren der Bearbeitung eines weiteren Werkstiicks (2) in der
Maschine.
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Method for operating a gear-processing machine

Area of the Invention

{0001] The subject matter of the invention is a method for operating a gear-
processing machine. In particular, it relates to a method for temperature

compensation in a gear-processing machine.
Background of the Invention, Prior Art

[0002] There are various methods for the chip removing processing of
gearwheels. The correspondingly designed machines are referred to here as gear-

processing machines.

[0003] It is known that the temperature of the gear-processing machine
increases with time because of various procedures in the machine. In continuous
operation of a machine, it reaches a so-called steady-state temperature. The
steady-state temperature results in a thermally stationary state. In this state, the
temperature of the machine has thermally stabilized. A stabilization of the heat
flows thus occurs over time, which results in a stationary state.

[0004] It is also known that inaccuracies can occur in a machining process
because of thermal expansion processes. This is because, inter alia, the greatly
varying elements of the machine experience a thermal expansion with increasing
temperature. A corresponding thermal contraction occurs upon cooling. On the one
hand, the dimensions of the individual machine elements change with increasing
temperature of the machine. Since numerous elements are connected to one
another in a machine, tensions (and warping) can occur because of different
coefficients of expansion, which are displayed in nonlinear expansion behavior,

which cannot be computed accurately, of the machine.

[0005] The thermal behavior of a machine is influenced by the effect of heat
sources and heatsinks. A differentiation is made in the case of thermal effects
between internal and external influences. For example, the heat emission of motors
is considered to be an internal influence. A further internal influence results from
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the cutting interaction of a tool with a workpiece, because mechanical energy is
converted into heat here. External influences are, for example, the ambient

temperature in a machine shop.

[0006] It is immediately apparent that the length, for example, of a
cantilever, which is connected on one side to a machine stand, for example,
increases with increasing temperature. Such a cantilever experiences a linear
expansion in the longitudinal direction. In the case of complicated machine
elements and more complex geometries, for example, a spindle bearing, the

relationships are significantly more complex.

[0007] The operating accuracy of chip producing machines is substantially
dependent on how accurately the movements in the three-dimensional space
between the tool and the workpiece can be executed. Finally, relative deviations
during the movement of the tool relative to the workpiece result due to all
temperature-related effects. These relative deviations result in deviations on the

workpiece.

[0008] Productivity and accuracy are important aspects of machine tools. The
thermal accuracy of machines is gaining more and more significance in
consideration of strongly increased demands in the matter of manufacturing
precision. Particularly in the case of small manufacturing batches and therefore
changing machine tasks, a thermally stable state cannot be achieved. In the case of
machines which are in continuous use, the accuracy gains significance above all
after an interruption. Moreover, one wishes to reduce the discards which typically
occur after an interruption until the machine has again reached the steady-state
temperature to some extent. Thus, in addition to accuracy, this also relates to
questions of cost-effectiveness.

[0009] One common approach is to keep machine and surroundings at a
consistent temperature level. The deformation of the machine may be avoided by
way of a uniform temperature. For this purpose, on the one hand the machine shop
has to be climate-controlled and, on the other hand, the machine has to be
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continuously operated. The expenditure in costs and energy is correspondingly
high.

[0010] Another approach is monitoring the deformation of the machine by
way of integrated sensors. On the basis of a mathematical model, in which the data
of the sensors are further processed, the foundation can be formed for an
approximate prediction of the flaws, which would arise on the workpiece. If these
flaws are known, the machine can thus adapt accordingly and compensate for the
flaws. The expenditure is also high here. Moreover, there have been no
technological approaches up to this point which meet the high accuracy

requirements.

[0011] In consideration of the above statements, the following object results.
It relates to finding an approach which enables compensating for temperature-
related changes of a machine. Above all, this relates to improving the accuracy of a
machining process in a machine immediately after an interruption, to thus reduce
the discards. A pause which is preferably longer than 15 minutes is referred to as

an interruption.

Summary

[0012] According to an aspect, a method for operating a gear-processing
machine is provided. The method includes: carrying out the machining of a first
workpiece in the machine, wherein the first workpiece heats up because of the
machining; determining at least one characteristic workpiece variable on the first
workpiece in the heated state, wherein a measuring device of the machine is used
for the determination; carrying out a compensation determination on the basis of
the at least one characteristic workpiece variable of the first workpiece and at least
one characteristic workpiece variable of a reference workpiece; wherein the
characteristic workpiece variable of the reference workpiece was determined in the
machine after reaching a steady-state temperature, and at least one compensation
value is determined in the scope of the compensation determination; adapting the
machine setting in consideration of the at least one compensation value; and
carrying out the machining of a further workpiece in the machine.

Date Rec¢ue/Date Received 2022-05-31
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[0013] Further preferred embodiments can be inferred from the claims

appended hereto.

DRAWINGS

5 [0014] Further details and advantages of the invention will be described
hereafter on the basis of exemplary embodiments and with reference to the

drawings.

FIG. 1 shows a schematic front view of a gear-processing machine, in which

the method according to the invention can be used;

Date Rec¢ue/Date Received 2022-05-31
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FIG. 2A shows a perspective view of a part of an exemplary gear-processing
machine having measuring device, in which the method according to
the invention can be used, wherein a workpiece is being machined at
the moment shown;

FIG. 2B shows a perspective view of a part of the gear-processing machine of
Fig. 2A, wherein the measuring device of the machine is being used at
the moment shown (this relates here to a structure having a
measuring probe, which is referenced before the measurement);

FIG. 3A shows a top view of a tool and a workpiece of an exemplary gear-
processing machine having measuring device, wherein the workpiece is
machined using the tool at the moment shown;

FIG. 3B shows a top view of the tool in the workpiece of Fig. 3A, wherein the
tool is moved away relative to the workpiece at the moment shown;

FIG. 3C shows a top view of the tool and the workpiece of Fig. 3A, wherein the
measuring device of the machine is being used at the moment shown;

FIG. 3D shows a top view of the tool and a second workpiece, wherein the

workpiece is machined using the second tool at the moment shown.

DETAILED DESCRIPTION

[0015] Terms are used in conjunction with the present invention, which are
also used in relevant publications and patents. However, it is to be noted that the
use of these terms is only to serve for better comprehension. The inventive concept
and the scope of protection of the patent claims are not to be restricted in the
interpretation thereof by the specific selection of the terms. The invention may be
readily transferred to other term systems and/or technical fields. The terms are to
be applied accordingly in other technical fields.

[0016] Fig. 1 shows a schematic view of a (gearwheel) machine 100 equipped
according to the invention. The machine 100 is a gear-processing machine. The
actual machining space - in which gearwheels (corresponding blanks 4 are shown
on the right in the region of a workpiece supply 10) are machined - is located
behind the panel 11, which can be provided with viewing windows 12, for example.
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A (CNC) controller 41 can be housed in the housing of the same machine 100 or in
a separate housing 40.

[0017] The machine 100 is especially designed for the cutting machining (for
example, grinding or milling) of the tooth flanks of gearwheels. Since this primarily
relates to the mass production of gearwheels here, reference is made hereafter to a
first workpiece 1, a second workpiece 2, and a third workpiece 3. Numerals are
used here to specify a chronological sequence. The first workpiece 1 is machined in
chronological sequence before the second and each further workpiece. The second
workpiece 2 is machined after the workpiece 1 and before the workpiece 3. It is
important to note in conjunction with the present invention that the second
workpiece 2 does not have to be machined directly after the first workpiece 1 and
the third workpiece 3 does not have to be machined directly after the second
workpiece 2.

[0018] Exemplary details of the operating range of a machine 100 are shown
in Figures 2A and 2B. The example shown is a machine 100 which comprises a
worm grinding wheel as a tool 5 and is designed for the roller grinding of spur
gears. The invention can also be used in other machines (for example, in a machine
for grinding bevel gears). The rotary drive (spindle drive) of the too! 5 is identified
by the reference sign 6. The cutting machining of the workpiece 1 using the tool 5
is shown in Fig. 2A. At the moment shown, the tool 5 is operatively connected to
the workpiece 1.

[0019] It can be inferred from Figures 2A and 2B that the machine 100 has
clamping means for clamping a workpiece to be machined (for example, a blank 4).
The workpiece 1 is clamped on the workpiece spindle 7 in Figures 2A and 2B. The
clamping means cannot be seen directly. In addition, the machine 100 comprises a
tool clamping means for chucking a gear-processing tool 5 (for example, a grinding
or milling tool) for the cutting machining of the tooth flanks of the workpiece 1. The
tool clamping means cannot be seen in the figures, since they are seated in the
region between the tool 5 and the rotary drive 6.
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[0020] In addition, the machine 100 comprises a measuring device 50, as
shown in very schematic form in Figures 2A and 2B. This measuring device 50 is a
component of the machine 100 in all embodiments, i.e., the measuring device 50 is
fastened on the machine 100. The measuring device 50 according to Figures 2A and
2B is designed so that it can be referenced. The referencing enables the most
accurate possible measuring on the workpiece 1 in spite of temperature-related

changes, which can also affect the measuring device 50.

[0021] The measuring device 50 is preferably designed in all embodiments so
that it can be moved away, so as not to be damaged during the machining of the
workpiece 1 using the tool 5. It is indicated by way of example in Fig. 2A and Fig.
2B that the measuring device 50 can have a telescoping structure. In Fig. 2A, the
telescoping structure is retracted and the actual sensor 51 is folded or pivoted
away. In Fig. 2B, the telescoping structure is extended and the sensor 51 has been

folded or pivoted into a tooth gap.

[0022] In all embodiments, the machine 100 preferably comprises a reference
point or a reference surface 13, which is indicated in Figures 2A and 2B. This
reference point or this reference surface 13 is designed as temperature-stable or
temperature-neutral, so that a reference is available within the machine 100, which
is not subject to temperature-related displacements or changes. The acquisition of
a reference variable from a reference point or a reference surface 13 is referred to
here as referencing.

[0023] The measuring device 50 is preferably designed as temperature-
neutral in all embodiments, so that corrupted measurement resuits are not
obtained due to temperature changes.

[0024] In all embodiments, the measuring device 50 is preferably positioned
as close as possible to the workpiece spindle 7 and not in the region of the tool 5
(temperature neutral with respect to its location relative to the workpiece 1) or the
measuring device 50 is to be referenced before the measurement (see Figures 2A
and 2B). Otherwise, measuring would occur incorrectly during a measurement after

a pause (cooling).
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[0025] In all embodiments, the measuring device 50 preferably comprises a
temperature-neutral and rigid construction, so that it alsc remains stable under
various temperature influences. The essential elements of the measuring device 50
can be constructed, for example, from a combination of carbon fiber composite
materials and ceramic (for a minimum weight and high for a high level of rigidity).
The measuring standards which are used can be manufactured, for exampie, from a
temperature-neutral ceramic. Additionally or alternatively, the measuring device 50
can be embodied as temperature-compensated (for example, having an active

dynamic temperature compensation).

[0026] In machines 100 which are equipped with a reference point or a
reference surface 13, the measuring device 50 can get a spatial reference during
referencing, for example, by the sensor 51 scanning the reference point or the
reference surface 13. The coordinate values of the reference point or the reference
surface 13 can then be used during subsequent computations as a computer

reference, for example.

[0027] Because of the cutting machining, a workpiece temperature Tw results,
which reaches the value T1 indicated in Fig. 2A. After the machining is completed, a
relative movement is executed in the machine 100 to separate the tool 5 from the
workpiece 1. The corresponding state is shown in Fig. 2B. The workpiece 1 slowly
cools down. A workpiece temperature Tw results, which assumes the value T1%*

indicated in Fig. 2B. The following statement applies in this case: T1 > T1*.

[0028] The measuring device 50 is now used, as indicated in Fig. 2B. At least
one characteristic workpiece variable W.1 of the workpiece 1 is ascertained by
means of the measuring device 50. This is performed according to the invention as
immediately as possible after the machining of the workpiece 1. This means the
workpiece 1 is still hot upon the ascertainment of the characteristic workpiece
variable W.1,

[0029] Several exemplary numeric values from practice are provided
hereafter. The steady-state temperature Tvs of a machine 100 is dependent, inter
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alia, on the ambient temperature. Temperature differences between a machine just
put into operation and an operationally-hot machine of 20° to greater than 30°
result during milling, for example. The temperatures of the workpieces 1 can
increase to up to 60°C after milling machining, i.e., they experience a temperature
increase by approximately 40°C due to the machining. The temperature changes on

a grinding machine are significantly below these values.

[0030] Since blanks 4 or workpieces 1 are machined in the machine 100 which
are turned parts, for example, the circumferential surface thereof (cylinder lateral
surface in a spur gear or truncated cone surface in a bevel gear) are not are not
accurately dimensioned. The scanning of the circumferential surface using the
measuring device 50 therefore does not result in usable workpiece variables, even
if the measuring device 50 operates accurately in the event of changing
temperatures or measures in a temperature-compensated manner. According to the
invention, the characteristic workpiece variable W.1 is therefore preferably
determined in all embodiments on surfaces or points which were just machined in
the machine 100. In the example of Fig. 2B, the sensor 51 penetrates into a tooth
gap, to scan the gap width therein, for example. The gap width can be scanned, for
example, on the pitch circle NK of the workpiece 1 and supplied for further
processing as the characteristic workpiece variable W.1.

[0031] Further aspects of the invention will be described hereafter on the
basis of the method steps which are executed during the operation of the gear-
processing machine 100. The machine 100 according to the invention is
distinguished in that it is designed for carrying out the method described in greater
detail hereafter. A suitable machine 100 preferably also comprises, in addition to
the required axes, clamping means, and drives, the mentioned measuring device
50. Furthermore, software is used, which is installed in the machine 100 or in a
system connectable to the machine 100.

[0032] The method preferably comprises the following steps:

- The machining of a first workpiece 1 is carried out in the machine 100 (see Fig.
2A), wherein the first workpiece 1 heats up because of the machining. The
workpiece 1 reaches a temperature of Tw = T1.
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At least one characteristic workpiece variable W.1 is then determined on the
first workpiece 1 in the heated state (here at Tw = T1*), wherein the sensor 51
of the machine 100 is used for the determination. A corresponding snhapshot is
shown in Fig. 2B.

A so-called compensation determination is then carried out. This is performed
on the basis of the at least one characteristic workpiece variable W.1 of the first
workpiece 1 and on the basis of at least one characteristic workpiece variable
W.R of a reference workpiece R. In the above-mentioned example, for example,
the gap width of the first workpiece 1 at Tw = T1* is compared to the gap width
of a reference workpiece R. It is to be noted in this case that the characteristic
workpiece variable W.R of the reference workpiece R has also been determined
in the hot state. The characteristic workpiece variable W.R of the reference
workpiece R was preferably also determined at a temperature which
approximately corresponds to the temperature T1*. In all embodiments, the
characteristic workpiece variable W.R of the reference workpiece R is preferably
determined in the machine 100 after reaching the steady-state temperature
Tvn. This means this characteristic workpiece variable W.R was determined after
the machine 100 was operated for a long time and was therefore in the
thermally stabilized state. At least one compensation value is determined in the
scope of the compensation determination. In the mentioned example, for
example, the following situation is conceivable. Because of the fact that the
temperature of the machine 100 was still below the steady-state temperature
Tve during the machining of the first workpiece 1, the workpiece 1 has
somewhat different dimensions than the reference workpiece R. In the
described example, for example, the gap width of the reference workpiece R is
somewhat greater than the gap width of the first workpiece 1. The difference of
the two gap widths (i.e., the difference of the two characteristic workpiece
variables W.R and W.1) is computed in the scope of the compensation
determination. A compensation value can be determined therefrom for the
machining of the next workpiece 2 in the machine 100. In a completing
method, in which the profile of the tool 5 specifies the shape of the tooth gaps
on the workpiece, the compensation value can specify that during the
machining of the next workpiece 2, the tool 5 has to plunge somewhat deeper
into the tooth gap to be machined.
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- At least one machine setting is now adapted on the basis of the compensation
value. In the mentioned example, for example, the plunging depth is changed
in consideration of the compensation value.

- The machining, for example, of the second workpiece n = 2 in the machine 100
is then performed. The gap width which was previously determined to be
excessively small on the workpiece 1 is thus compensated for on the workpiece
2.

[0033] This example is clarified further on the basis of Figures 3A to 3D. A
spur gear is shown as the first workpiece 1 in these Figures. A grinding disk is used
as the tool 5 in the scope of a completing method. The profile of the tool 5
determines the shape of the tooth gaps on the workpiece 1.

[0034] A fixed coordinate axis x is shown on the left in each of Figures 3A to
3D. This coordinate axis x is used solely to illustrate the relationships.

[{0035] The rotational axis of the tool RW is in the plane of the drawing in
Figures 3A to 3D. It can be seen in Fig. 3A that the tool 5 is plunged with its
rotational axis RW up to a position x1 into the tooth gap of the workpiece 1. The
rotational axis RA of the workpiece 1 is perpendicular to the plane of the drawing
and is located fixed here at the position x = x0.

[0036] After the workpiece 1 has been machined, workpiece 1 and tool 5 are
separated in relation to one another. This step is shown in Fig. 3B. In the example
shown, the workpiece 1 remains in the previous position x = x0 and the rotational
axis RW of the tool 5 is moved back together with the tool 5 (from the position x1
to the position x2 here). The determination of the characteristic workpiece variable
W.1 of the first workpiece 1 is now performed. For this purpose, a sensor 51 is
plunged into a tooth gap of the workpiece 1 and moved toward the left and toward
the right tooth flank of this tooth gap. This can be performed, for example, on the
pitch circle NK. The compensation determination is now carried out (preferably by
computer by means of software) to determine whether and to what extent the gap
width of the first workpiece 1 deviates from a gap width of a reference workpiece R
used as a reference variable W.R.
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[0037] In the described example, for example, the gap width of the reference
workpiece R is somewhat less than the gap width of the first workpiece 1. The
difference of the two gap widths (i.e., the difference of the two characteristic
workpiece variables W.R and W.1) is computed in the scope of the compensation

determination.

[0038] In a subsequent method step, as shown in Fig. 3D, a further workpiece
is machined. The example shown relates to the second workpiece 2. Since the
measured gap width on the hot workpiece 1 was greater than on the hot reference
workpiece R, in the step of Fig. 3D, the tool 5 does not have to plunge as far into
the material of the workpiece 2 as was the case in Fig. 3A. As a compensation
value, for example, a value x1* can be determined. The difference (parallel to the x
axis) between the value x1 and the value x1* results from a transformation
computation. This means the value x1* is determined so that (if the temperature of
the machine 100 and the workpiece 2 are the same as in Fig. 3A), in spite of
temperature-related deviations, the tool 5 plunges in somewhat less. A workpiece 2
is now manufactured in Fig. 3D, the values of which have been compensated for in

the manner of temperature faults. In Fig. 3D: |x0 - x1*| > [x0 - x1|.

[0039] According to the invention, the determination of characteristic
workpiece variables can be repeated from time to time while the machine 100 heats
up further. Thus, for example, the third workpiece 3 and the fourth to tenth
workpieces can be manufactured with the same compensation value as described in
conjunction with Fig. 3D. The tenth workpiece can be measured again (as shown in
Fig. 3C) in the hot state (like the first workpiece 1 previously). A compensation
value can then be determined for the eleventh workpiece. The eleventh workpiece
is then machined with application of this compensation value. It can thus be
ensured until reaching the steady-state temperature Tvs that the workpieces

processed in the intervening period of time are relatively dimensionally accurate.

[0040] To preclude faults after an interruption (for example, because an
incorrect tool was chucked), before carrying out the machining of the first
workpiece 1, the following steps can be carried out on another workpiece 0:
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- carrying out the machining of this other workpiece 0 in the machine 100, wherein
this other workpiece 0 heats up during the machining,

- determining one or more characteristic variables of this other workpiece 0 in the
cooled state, to establish whether this other workpiece 0 corresponds to target
values,

- if this other workpiece 0 corresponds to the target values, it is possible to begin
with the machining of the first workpiece 1, as described. If this other workpiece
0 should not correspond to the target values, a check thus has to be carried out
(for example, by the operator of the machine 100).

[0041] This can be carried out in a separate measuring machine, which is
connectable via a closed loop to the machine 100,
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List of reference signs

workpiece 0
first workpiece 1
second workpiece 2
third workpiece 3
blanks 4
tool 5
tool drive 6
workpiece spindle 7
workpiece supply 10
anel 11
viewing window 12
reference point/reference surface 13
separate housing 40
(CNQC) controller 41
measuring device 50
sensor 51
machine 100
further workpiece n
pitch circle NK
reference workpiece R
rotational axis of the workpiece RA
characteristic workpiece variable of the first w.1
workpiece
characteristic workpiece variable of the second wW.2
workpiece
characteristic workpiece variable of the reference W.R
workpiece
interruption At
rotational axis of the tool RW
machining temperature T1
temperature shortly after the machining T1*
steady-state temperature TwH
workpiece temperature Tw
coordinate axis X
values on the coordinate axis x0, x1, x2

corrected value on the coordinate axis

x1*
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CLAIMS:
1. A method for operating a gear-processing machine, comprising the following

steps:

- carrying out the machining of a first workpiece in the machine, wherein the
first workpiece heats up because of the machining,

- determining at least one characteristic workpiece variable on the first
workpiece in the heated state, wherein a measuring device of the machine is
used for the determination,

- carrying out a compensation determination on the basis of the at least one
characteristic workpiece variable of the first workpiece and at least one
characteristic workpiece variable of a reference workpiece, wherein
o the characteristic workpiece variable of the reference workpiece was

determined in the machine after reaching a steady-state temperature,
o at least one compensation value is determined in the scope of the
compensation determination,

- adapting the machine setting in consideration of the at least one
compensation value,

- carrying out the machining of a further workpiece in the machine.

The method according to claim 1, characterized in that the reference workpiece
is one of the workpieces which were machined before an interruption in the

machine.

The method according to claim 1 or 2, characterized in that carrying out the
machining of the first workpiece and the determination of at least one
characteristic workpiece variable are performed in the machine immediately

after an interruption.

The method according to any one of claims 1 to 3, characterized in that the
steady-state temperature is the temperature of the machine which results on or

in the machine in continuous operation.

The method according to any one of claims 1 to 4, characterized in that the
determination of the characteristic workpiece variables is performed by means

Date Rec¢ue/Date Received 2022-05-31
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of a measuring probe of the measuring device, wherein the measuring device is
part of the machine and wherein the corresponding workpiece is not re-chucked
during the determination of the characteristic workpiece variables.

The method according to any one of claims 1 to 5, characterized in that the
interruption occurred for one of the following reasons:

- stoppage of the machine because of a shutdown,

- stoppage of the machine because of maintenance or repair,

- stoppage of the machine because of refitting.

The method according to any one of claims 1 to 5, characterized in that the
interruption lasts at least 15 minutes.

The method as claimed in any one of claims 1 to 3, characterized in that a
stoppage of the machine counts as an interruption if a temperature measured
on or in the machine is less by more than 10% than the steady-state

temperature, which resuits on or in the machine in continuous operation.

The method as claimed in any one of claims 1 to 3, characterized in that before

carrying out the machining of the first workpiece, the following steps are carried

out on another workpiece:

- carrying out the machining of this other workpiece in the machine, wherein
this other workpiece heats up during the machining,

- determining one or more characteristic variables of this other workpiece in
the cooled state, to determine whether this other workpiece corresponds to

target values.

Date Rec¢ue/Date Received 2022-05-31
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Fig. 2A
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Tw = T1*

Fig. 2B
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