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(57) Abstract: A laser machining device (100) for machining a workpiece (12), in particular for laser cutting or laser welding, is
disclosed. The device (100) has an interface (14) for coupling a laser beam source for a machining laser beam (15); an outlet opening
(11) for the machining laser beam (15); and an optical system (20) between the interface and the outlet opening (11). The optical system
(20) has at least one laser beam guiding device (25) for guiding the machining laser beam (15) in a beam path to the outlet opening (11).
The laser beam guiding device (25) includes at least two high-frequency laser scanners (30) connected in series in the beam path in
the propagation direction z of the machining laser beam (15). The high-frequency laser scanners (30) each provide a maximum setting
angle for deflecting the machining laser beam in a first setting plane xz. The serial connection of the high-frequency laser scanners (30)
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LASER MACHINING DEVICE FOR MACHINING A WORKPIECE, USE THEREOF,
METHOD FOR LASER MACHINING A WORKPIECE AND CORRESPONDING
COMPUTER PROGRAM PRODUCT

The invention relates to a laser machining device for machining a workpiece, a use thereof, a

method for laser machining a workpiece and a computer program product.

Laser machining devices are used in the laser machining of workpieces, for example in
methods for the thermal separation of materials by means of a laser beam, also referred to as
laser cutting, or in laser welding methods. Such a laser machining device can have a laser
machining head. The laser machining device or laser machining head guides and forms the

laser beam tool, i.e. the machining laser beam, onto the workpiece in the best possible manner.

Different laser beams may be optimal for machining purposes, depending on the type of
workpiece, for example, thickness and material of a sheet, type of machining, for example, laser
cutting or laser welding, and the desired machining result, for example, maximizing the cutting
speed or avoiding pores during welding. Known laser machining devices usually provide an
unchangeable optical aspect ratio for the machining laser beam. In practice, however, this
aspect represents a compromise: An unchangeable aspect, in particular for medium to large
sheet thicknesses, is associated with losses, for example in cutting quality, namely related to

roughness and burr adhesion, as well as lower feed speeds.

In recent years, various manufacturers of laser machining devices have developed zoom optics
in order to adapt the spot size of the focused machining laser beam to the respective

application, for example to the sheet thickness and material in the case of laser cutting.

One step further in the adaptation of the laser beam tool to the machining process are
approaches in which the intensity distribution and/or the beam quality, for example the beam
parameter product, can also be adapted to the laser application. Various solutions in this
direction are known from the prior art, see US 8781269 B2, US 9250390 B2, US 9346126 B2,
EP 2730363 A1, EP2762263 A1, DE2821883 B1, DE102015116033 A1, EP2778746 B1,
DE102015101263 A1, DE102008053397 B4.

High-frequency beam oscillation is one of the dynamic beam shaping (DBS) technologies and
has the advantage that almost any intensity distributions and temperature fields can be
generated in the process zone, allowing maximum flexibility in adapting to the workpiece type,

e.g. to the sheet thickness and/or sheet quality. It is also known that significantly better
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machining results can be achieved with machining laser beams adapted in this way, see for
example Goppold et al: Chancen und Herausforderungen der dynamischen Strahlformung,
Deutscher Schneidkongress, 2018; Goppold et al.: Dynamic Beam Shaping Improves Laser
Cutting of Thick Steel Plates, Industrial Photonics, 2017; Goppold et al.:
Laserschmelzschneiden mit dynamischer Strahlformung, Fraunhofer IWS Jahresbericht, 2015;
Mahrle et al.: theoretical aspects of fibre laser cutting, Journal of Physics D Applied Physics,
2009. US2022/0143756 A1 describes a machining apparatus for the laser machining of a
workpiece, having a first laser beam guiding device arranged and designed such that it guides
the machining laser beam to a second laser beam guiding device and dynamically moves, in
particular dynamically shapes, the machining laser beam.

Various technologies are used for the lateral deflection of a machining laser beam, which is also
referred to as scanning the laser beam. Examples include galvo scanners, piezo scanners,
voice coil scanners and MEMS scanners. The aim of these technologies is to deflect the
machining laser beam as quickly as possible, for example at high frequency, and laterally, for
example in an x/y plane parallel to the workpiece surface, and as wide as possible, i.e. with
large angles in a large lateral scanning range. The deflection frequencies are also referred to as
setting frequencies and the deflection angles are also referred to as setting angles. However,
for physical and technical reasons, high deflection frequencies, such as 10 kHz, and large
deflection angles, such as > *5mrad, of the machining laser beam cannot be realized
simultaneously with known laser scanners used for the laser machining of workpieces. These
physical and technical reasons are due to, for example, natural frequencies and the mechanical
stability of components of the machining device, occurring accelerations of moving elements

and the force required for the movement.

The object of the invention is to provide a laser machining device and a method for laser
machining a workpiece, which provide the machining laser beam in a simple and optimal

manner.

This object is achieved by a laser machining device for machining a workpiece according to
claim 1, a use according to claim 7, a method for laser machining a workpiece according to

claim 8 and a computer program product according to claim 13.

One embodiment relates to a laser machining device for machining a workpiece, in particular for
laser cutting or laser welding, in particular a laser machining head, with
- an interface for coupling a laser beam source for a machining laser beam;

- an outlet opening for the machining laser beam; and
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- an optical system between the interface and the outlet opening, which has at least one laser
beam guiding device for guiding the machining laser beam in a beam path to the outlet opening;
wherein the laser beam guiding device includes at least two high-frequency laser scanners
connected in series in the beam path in the propagation direction of the machining laser beam,
which are each designed to deflect the machining laser beam by at least one setting angle,

wherein each of the high-frequency laser scanners is designed to provide a maximum setting
angle for deflecting the machining laser beam in a first setting plane, and wherein a maximum
summary setting angle in the first setting plane is achieved by the serial connection of the high-

frequency laser scanners.

The above embodiment enables the setting angle of each high-frequency laser scanner, with
which the machining laser beam of the laser machining device can be deflected for machining
the workpiece in the first setting plane, to be set within a range up to the maximum setting
angle. In particular, the first setting plane can be the plane in which the relevant setting angle
and the propagation direction of the machining laser beam lie. The setting angles of each high-
frequency laser scanner in the first setting plane are added together by the serial connection
and a summary setting angle is achieved. In this way, the scanning range, i.e. the range in
which the machining laser beam can be deflected over the workpiece, can be advantageously
enlarged in a first direction, which runs in the first setting plane, while at the same time

maintaining a high frequency of the high-frequency laser scanners.

The above embodiment therefore makes it possible to achieve a summarily increased maximum
setting angle despite the use of high-frequency laser scanners. This is made possible instead of
optimizing a single multi-axis scanner for the setting frequency and deflection, i.e. the setting
angle, and thus only achieving a compromise between setting frequency and deflection,
wherein the frequency can then not be a high frequency if the setting angle is large. The large
deflection, i.e. the large scanning range, is achieved by arranging at least two or a plurality of
high-frequency laser scanners (i.e. with a setting frequency of at least 500 Hz) in series in the
propagation direction of the machining laser beam, whereby a larger scanning range can be

achieved with a simultaneous high-frequency setting frequency.

Furthermore, the setting angle at which the machining laser beam is moved can be optimized
independently of the setting frequency. In addition, higher setting frequencies can be provided
with a large scanning range, as a plurality of high-frequency laser scanners, for example even
more than two high-frequency laser scanners, are connected in series. This allows the
aforementioned physical and technical limits of a high-frequency laser scanner to be extended.
In addition, the previously unsolvable hardware problem of the aforementioned physical and

technical limits of a high-frequency laser scanner can be solved by optimized operation of
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multiple high-frequency laser scanners, for example by means of software, such as one or a
plurality of program modules. In this manner, the machining of the workpiece and the process

efficiency of the machining can be optimized.

In one modification, at least one of the high-frequency laser scanners can be designed to
provide a further maximum setting angle in a second setting plane. In this manner, the scanning
range can be enlarged not only in a first direction, but also in a second direction, in particular a
direction perpendicular to the first setting plane. Alternatively, each of the high-frequency laser
scanners can be designed to provide the further maximum setting angle in the second setting
plane. This also allows the scanning range to be maximized. In other modifications, at least one
of the high-frequency laser scanners can be designed to provide maximum setting angles in
further setting planes in addition to the first and second setting planes. In particular, the second
setting plane can be the plane in which the relevant setting angle and the propagation direction

of the machining laser beam lie.

The first setting plane and the second setting plane can be arranged at an angle and/or
perpendicular to one another. This means that an extensive scanning range can be flexibly
acquired in both the first and second setting planes through combined deflection of the
machining laser beam. Due to the serial connection of the high-frequency laser scanners, a
further maximum summary setting angle can be achieved in the second setting plane. In this
manner, the scanning range can be significantly enlarged in both the first and second setting

planes through deflection of the machining laser beam.

At least two of the high-frequency laser scanners can be designed to deflect the machining
laser beam by setting angles that are the same or different. Furthermore, at least two of the
high-frequency laser scanners can be designed to provide the maximum setting angle and the
further maximum setting angle such that they are the same or different. This allows a scanning

range to be set flexibly.

In further modifications, at least one or each of the high-frequency laser scanners can be
designed to deflect the machining laser beam in at least one of the setting planes with a setting
frequency in a range greater than or equal to 0.5 kHz, preferably between 1 kHz and 10 kHz.
Furthermore, the maximum setting angle can be less than or equal to 50 mrad, preferably 1 to
30 mrad, more preferably 2 to 20 mrad. The further maximum setting angle can be less than or

equal to 50 mrad, preferably 1 to 30 mrad, more preferably 2 to 20 mrad.

At least one or each of the high-frequency laser scanners can have at least one movable

surface at least partially reflecting the machining laser beam and at least one controllable
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actuator for moving the surface. The at least one reflecting movable surface can be selected
from a dynamically orientable mirror, a dynamically tiltable mirror, a segmented mirror with
multiple dynamically orientable mirror segments, a dynamically deformable mirror, a
dynamically deformable mirror with variable radius of curvature (VRM), a dynamically bimorph
deformable mirror, a dynamically deformable mirror based on MEMS or MOEMS technology
and a dynamically voice coil deformable mirror. The at least one controllable actuator can be
selected from a piezo actuator, an electric motor, a pneumatic motor, an eccentric, a device for
generating an oscillating electromagnetic field, a MEMS oscillator, a voice coil, an
electrostatically movable actuator, a galvanometer drive, a plurality thereof and/or a
combination thereof. Preferably, the high-frequency laser scanners are piezo high-frequency

laser scanners.

At least one or each of the high-frequency laser scanners can have at least one movable
surface at least partially reflecting the machining laser beam and at least one controllable
actuator for moving the surface, wherein the reflecting movable surfaces are each designed to
be tiltable with the actuator about at least one axis lying in a plane of the respective surface,
also referred to as a tilt axis. A surface with one tilt axis is referred to as a uniaxial surface. A
surface with two tilt axes is referred to as a biaxial surface. A surface with multiple tilt axes is

referred to as a multi-axis surface.

In one embodiment of the combination of high-frequency laser scanners, a total of two reflecting
tiltable surfaces connected in series in the propagation direction of the machining laser beam
can be provided, which each have one axis and which differ in at least one parameter selected
from the setting frequency with which they can be tilted and the setting angle by which they can
be tilted. In this embodiment, two uniaxial surfaces are combined in series. In an alternative
embodiment of the combination of the high-frequency laser scanners, at least two reflecting
tiltable surfaces connected in series in the propagation direction of the machining laser beam
can be provided, wherein one or a plurality of uniaxial surfaces and one or a plurality of multi-
axis surfaces are combined in series, more than two uniaxial surfaces are combined in series or
at least two multi-axis surfaces are combined in series. At least two of the surfaces of the
alternative embodiment can be the same or different in at least one parameter selected from the
number of axes per surface, the setting frequency with which the surfaces can be dynamically
tilted, and the setting angles by which the surfaces can be dynamically tilted.

In the modification of the device with tiltable surfaces of the high-frequency laser scanners, the
following embodiments can be realized: The axes of each surface can be arranged at an angle
to one another, for example at a 90° angle or at an angle of less than 90°. At least some of the

axes of the surfaces connected in series can be arranged in parallel or at an angle to one
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another. If a total of two reflecting tiltable surfaces of the high-frequency laser scanners
connected in series in the propagation direction of the machining laser beam are provided, one
of the two surfaces can be settable to a higher setting frequency than the other of the two
surfaces. Furthermore, the other of the two surfaces can be settable to a larger setting angle

than the first of the two surfaces.

In a combination of the high-frequency laser scanners, in which a total of at least two reflecting
tiltable surfaces connected in series in the propagation direction of the machining laser beam
are provided, wherein one or a plurality of uniaxial surfaces and one or a plurality of multi-axis
surfaces are combined in series, more than two uniaxial surfaces are combined in series or at
least two multi-axis surfaces are combined in series, the following embodiments can be
realized: At least one of the high-frequency laser scanners can be settable or set to a greater
setting frequency than at least one other of the high-frequency laser scanners. Furthermore, at
least one of the high-frequency laser scanners can be settable or set to a larger setting angle
than at least one other of the high-frequency laser scanners. At least two of the high-frequency
laser scanners can be settable or set to the same setting frequency. The number of surfaces
can be at least three and the number of axes per surface can be one. One of the surfaces can
have a number of axes per surface of at least two and another of the surfaces can have a

number of axes per surface of one.

The following combinations of high-frequency laser scanners can be realized in the laser beam
guiding device: Two equally fast multi-axis scanners can be combined, wherein the highest
possible frequencies are achieved. Two equally fast multi-axis scanners can be connected in
series, wherein the largest possible scanning range is achieved. A multi-axis scanner with the
highest possible frequency and a multi-axis scanner with the highest possible deflection can be
arranged in series. Furthermore, a multi-axis scanner combined with a uniaxial scanner can be
connected in series. Two uniaxial scanners can be combined in series, wherein one is

optimized for the setting frequency and one is optimized for a large setting angle.

A control unit for controlling the high-frequency laser scanners and/or the laser machining
device can be provided in the laser machining device. The control unit can have one or a
plurality of program modules for optimizing and/or maximizing the setting frequency and/or the
setting angle. The laser machining device and/or the control unit can have a memory device.
One or a plurality of the components of the laser machining device can be designed to be
controllable and connected to the control unit in a wired or non-wired data-transmitting manner.
One or a plurality of, in particular each, of the high-frequency laser scanners can be designed to

be controllable, in particular individually controllable.
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The laser machining device can be designed as a machining head and a device for moving the
machining head can be provided. A laser beam source for the machining laser beam can be
coupled to the interface, in particular a laser beam source with a laser power greater than or
equal to 1 kW, preferably between 1 kW and 100 kW.

Another embodiment relates to a use of a laser machining device according to the preceding
embodiment and modifications thereof, for performing at least one procedure selected from

- machining a workpiece with at least one setting frequency in a range greater than or equal to
0.5 kHz, preferably between 1 kHz and 10 kHz, and/or with at least one of the summary setting
angles (3 a; > B), in particular with at least one of the maximum summary setting angles (3 tmax;
Y Bmax), and/or with a laser power greater than or equal to 1 kW, preferably between 1 kW and
100 kW, of the laser beam source;

- machining a workpiece with the laser machining device designed as a machining head, with
optimization of a movement trajectory of the machining laser beam in at least one workpiece
plane, in particular in accordance with at least one predetermined contour of workpiece parts to
be cut or weld seams, by means of redundant division of the movement trajectory of the
machining laser beam between the device for moving the machining head and the high-
frequency laser scanners;

- centring the machining laser beam in the outlet opening;

- laser cutting with the cutting gas beam decentred in relation to the machining laser beam, in
particular laser cutting for producing bevel cuts or laser cutting of tubes;

- laser cleaning;

- laser hardening;

- removing filler material from CFRP materials using the machining laser beam, in particular
fibreglass; and

- laser welding.

Another embodiment relates to a method for laser machining a workpiece, in particular for laser
cutting or laser welding, with a laser machining device according to the above embodiment and
modifications thereof; comprising the following steps

generating a machining laser beam by means of the laser beam source;

guiding the machining laser beam in the beam path to the outlet opening by means of the at
least one laser beam guiding device; and

deflecting the machining laser beam by means of the at least two high-frequency laser scanners
connected in series in the beam path in the propagation direction of the machining laser beam
by at least one setting angle in each case,

wherein each of the high-frequency laser scanners provides a maximum setting angle for

deflecting the machining laser beam in a first setting plane, and wherein a maximum summary
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setting angle in the first setting plane is achieved by the serial connection of the high-frequency

laser scanners.

In the method, at least one or each of the high-frequency laser scanners can provide a further
maximum setting angle in a second setting plane. Due to the serial connection of the high-
frequency laser scanners, a further maximum summary setting angle can be achieved in the
second setting plane. The first setting plane and the second setting plane can be arranged such
that they are at an angle and/or perpendicular to one another. At least two of the high-frequency
laser scanners can deflect the machining laser beam by setting angles that are the same or
different. At least two of the high-frequency laser scanners can provide the maximum setting
angle and/or the further maximum setting angle such that they are the same or different. At
least one or each of the high-frequency laser scanners can deflect the machining laser beam in
at least one of the setting planes with a setting frequency in a range greater than or equal to 0.5
kHz, preferably between 1 kHz and 10 kHz. The maximum setting angle can be provided in a
range less than or equal to 50 mrad, preferably 1 to 30 mrad, more preferably 2 to 20 mrad.
Furthermore, the further maximum setting angle can be provided in a range less than or equal

to 50 mrad, preferably 1 to 30 mrad, more preferably 2 to 20 mrad.

In the method, the workpiece can be machined with at least one parameter selected from

- at least one setting frequency in a range greater than or equal to 0.5 kHz, preferably between
1 kHz and 10 kHz;

- at least one of the setting angles in the respective setting planes, in particular with at least one
of the maximum summary setting angles; and

- a laser power greater than or equal to 1 kW, preferably between 1 kW and 100 kW, of the

laser beam source.

Another embodiment relates to a computer program product comprising one or a plurality of
program modules, which cause the device according to the preceding embodiment and
modifications thereof to carry out steps of the method according to the preceding embodiment
and modifications and/or at least one of the procedures of the use according to the preceding
embodiment, in particular when the program modules are loaded into a memory device of the

device.

The embodiments and modifications of the laser machining device can be used in the
embodiments and modifications of the method for laser machining a workpiece. The workpiece
can contain at least one metal, i.e. be metallic, and/or be in the form of a metal sheet. With the

above embodiments of the method for laser machining a workpiece, the same advantages and
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functions can be realized as with the embodiments of the laser machining device, in particular
with identical and/or analogous features.

It is understood that the above-mentioned features and those to be explained below can be
used not only in the combinations indicated, but also in other combinations or on their own,

without departing from the scope of the present invention.

In the following, the invention will be explained in more detail on the basis of exemplary
embodiments with reference to the accompanying drawings, which likewise disclose features
that are essential to the invention. These exemplary embodiments are used for illustration
purposes only and are not to be construed as limiting. For example, a description of an
exemplary embodiment with a large number of elements or components should not be
interpreted to the effect that all of these elements or components are necessary for
implementation. Rather, other exemplary embodiments can also contain alternative elements
and components, fewer elements or components, or additional elements or components.
Elements or components of different exemplary embodiments can be combined with one
another, unless otherwise indicated. Modifications and variations which are described for one of
the exemplary embodiments can also be applied to other exemplary embodiments. To avoid
repetition, elements that are the same or that correspond to one another are denoted by the
same reference signs in different figures and are not explained more than once. In the

drawings:

Figure 1 schematically shows an example of a laser machining device;

Figure 2a  schematically shows an example of a laser beam guiding device;

Figure 2b  schematically shows a modification of the example of the laser beam guiding
device of Figure 2a;

Figure 3a  schematically shows an example of a laser beam guiding device;

Figure 3b  schematically shows a modification of the example of the laser beam guiding
device of Figure 3a;

Figure 4 schematically shows a modification of the example of the laser machining device.

The terms “high frequency”, “highly frequent” or “dynamic” can refer to a frequency greater than

or equal to 0.5 kHz in the present case. The same applies to grammatical variations of the

terms.

Figure 1 schematically shows an example of a laser machining device 100, hereinafter also
referred to as a device 100, for machining a workpiece 12, in particular for laser cutting or laser

welding. In the present example, the laser machining device 100 is designed as a laser
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machining head. The device 100 has an interface 14 for coupling a laser beam source for a
machining laser beam 15; an outlet opening 11 for the machining laser beam; and an optical
system 20 between the interface and the outlet opening. The optical system 20 has at least one
laser beam guiding device 25 for guiding the machining laser beam 15 in a beam path to the
outlet opening. The laser beam guiding device 25 consists of at least two high-frequency laser
scanners 30 connected in series in the beam path in the propagation direction z of the
machining laser beam. As shown in Figure 1, the machining laser beam 15 can be deflected by
the optical system 20 in the direction of the outlet opening 11 after passing through the laser
beam guiding device 25, i.e. behind the laser beam guiding device 25. Alternatively, the
machining laser beam 15 can be guided in the optical system 20 in a straight line behind the

laser beam guiding device 25 to the outlet opening 11 (not shown).

Figure 2a schematically shows the laser beam guiding device 25. The high-frequency laser
scanners 30 are each designed to deflect the machining laser beam 15 by at least one setting
angle a, which lies in a first setting plane xz. In the present example, the first setting plane xz is
spanned by the propagation direction z and a direction x orthogonal to it. Each of the high-
frequency laser scanners 30 is designed to provide a maximum setting angle amax for deflecting
the machining laser beam 15 in the first setting plane xz. The serial connection of the high-
frequency laser scanners 30 provides a maximum summary setting angle > 0max in the first

setting plane xz.

During operation of the laser machining device 100, a machining laser beam 15 is generated by
means of a laser beam source (not shown in Figure 1) coupled to the interface 14. The
machining laser beam 15 is guided in the beam path to the outlet opening 11 by means of the
optical system 20. The machining laser beam 15 is deflected by the two high-frequency laser
scanners 30 of the laser beam guiding device 25 connected in series in the beam path in the
propagation direction z of the machining laser beam 15 by the setting angle a in each case.
Each of the high-frequency laser scanners 30 provides the maximum setting angle amax for
deflecting the machining laser beam in the first setting plane xz. The serial connection of the
high-frequency laser scanners achieves a maximum summary setting angle > amax in the first

setting plane xz.

Since the high-frequency laser scanners 30 are arranged in series in the propagation direction z
of the machining laser beam 15, the setting angles a of each high-frequency laser scanner 30
are added together in the first setting plane xz during operation of the device 100. This is a
simple way of enlarging the scanning range. If both high-frequency laser scanners 30 are set to
the maximum setting angle amax, the maximum summary setting angle > amax is reached and the

scanning range is maximized. Furthermore, the summary setting angle by which the machining
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laser beam 15 is deflected is optimized independently of the setting frequency of the high-
frequency laser scanners 30. In addition, higher setting frequencies of the high-frequency laser

scanners 30 can be provided with a large scanning range.

Figure 2b shows a modification of the example shown in Figure 2a. In this modification, the
high-frequency laser scanners 30 are additionally designed to deflect the machining laser beam
15 by at least one setting angle B in a second setting plane yz. In the present example, the
second setting plane yz is spanned by the propagation direction z and a direction y orthogonal
to it. Furthermore, in the present example, the second setting plane yz is orthogonal to the first
setting plane xz. Each of the high-frequency laser scanners 30 is designed to provide a
maximum setting angle Pmax for deflecting the machining laser beam 15 in the second setting

plane yz.

In addition to the maximum summary setting angle >amax in the first setting plane xz, a
maximum summary setting angle > Bmax in the second setting plane yz can be achieved by the
serial connection of the high-frequency laser scanners 30 during operation of the laser beam
guiding device 25 of the present modification. The maximum summary setting angles  dmax and
Y Bmax can be set with the high-frequency laser scanners 30 in the two setting planes xz and yz,
i.e. in two orthogonal directions x and y perpendicular to the propagation direction z of the
machining laser beam 15. Therefore, the machining laser beam 15 can be deflected along

optimized paths in the plane xy spanned by the directions x and y during scanning.

In the present examples, each of the high-frequency laser scanners 30 is designed to deflect
the machining laser beam 15 in at least one of the setting planes xz and yz with a setting
frequency of, for example, 2 kHz, with setting angles in the range up to the maximum setting

angles amax and/or Bmax of 50 mrad, for example 10 mrad.

Figure 3a shows a further example of the laser beam guiding device 25 shown in Figure 2a.
Figure 3b illustrates a modification of the example in Figure 3a that is analogous to Figure 2b. In
this example, each of the high-frequency laser scanners 30 has a movable surface 17 reflecting
the machining laser beam 15 and at least one controllable actuator 19 for moving the surface
17. The reflecting movable surface 17 is designed as a dynamically, i.e. high-frequency, tiltable
mirror made of SiC (silicon carbide). Alternatively, a glass substrate (e.g. fused silica) provided
with a dielectric layer, a metal layer (e.g. copper) or a metal oxide layer can be used as a mirror.
The size of the surface 17 is, in each case, selected such that it corresponds to the diameter of
the machining laser beam 15 at the position of the respective mirror. The actuator 19 is a piezo

actuator.
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In modifications of this example, a segmented mirror with multiple dynamically orientable mirror
segments, a dynamically deformable mirror, a dynamically deformable mirror with variable
radius of curvature (VRM), a dynamically bimorph deformable mirror, a dynamically deformable
mirror based on MEMS or MOEMS technology, or a dynamically voice coil deformable mirror

can be used as the reflecting movable surface 17.

In the example of Figure 3a, two reflecting ftiltable surfaces 17 connected in series in the
propagation direction z of the machining laser beam 15 are provided as the high-frequency
laser scanners 30, each of which has a first axis a about which it can be tilted by means of the
actuators 19. The first axes a each lie in the plane of the relevant surface 17, are arranged
perpendicular to the plane xz and parallel to one another. The setting frequency with which the
surfaces 17 of the two high-frequency laser scanners 30 can each be tilted about the first axis a
and the setting angle by which they can each be tilted about the first axis a are predetermined
as being different. In this regard, one of the high-frequency laser scanners 30 is optimized for a
high frequency and the other high-frequency laser scanner 30 is optimized for a large deflection.
In this embodiment of the high-frequency laser scanners 30, two uniaxial surfaces 17 are

combined in series.

In the modification shown in Figure 3b, the two surfaces 17 connected in series each have a
second axis b, which is arranged perpendicular to the first axis a and about which they can be
tilted. The second axes b each lie in the plane of the relevant surface 17, are arranged
perpendicular to the plane yz and parallel to one another. The setting frequency with which the
surfaces 17 can be tilted about the two axes a and b and the setting angle by which they can be
tilted about the two axes a and b can be the same or different. In this embodiment of the high-

frequency laser scanners 30, two multi-axis surfaces 17 are combined in series.

In another modification of this example, a high-frequency laser scanner 30 whose surface 17
has the first axis a and another high-frequency laser scanner 30 whose surface 17 has the first
axis a and the second axis b are combined. The setting frequency with which the surfaces 17
can be tilted about the respective axes a and b and the setting angle by which they can be tilted
about the respective axes a and b can be the same or different. In this embodiment of the high-
frequency laser scanners 30, a uniaxial surface 17 and a multi-axis surface 17 are combined in

series.

Figure 4 shows a modification of the laser machining device 100. In Figure 4, the laser
machining device 100 is provided with a laser source 82 at the interface 14. Alternatively, the
laser beam source 82 can be connected to the interface 14 via a transport fibre (not shown). A

control unit 84 is connected to the controllable components of the device 100 in a wired or
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wireless data-transmitting manner, in particular to the high-frequency laser scanners 30 of the
laser beam guiding device 25. The optical system 20 can contain further optical elements, such
as lenses (not shown). As shown in Figure 4, the optical system 20 can contain a deflecting
mirror 35 which deflects the machining laser beam 15 deflected by the high-frequency laser
scanners 30 to the outlet opening 11.
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List of reference signs
11 Outlet opening
12 Workpiece
14 Interface
15 Machining laser beam
17  Surface
19  Actuator
20  Optical system
25  Laser beam guiding device
30 High-frequency laser scanner
35  Deflecting mirror
82  Laser beam source
84  Control device
100 Laser machining device
Xz Setting plane

yz

Setting plane
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Claims

A laser machining device (100) for machining a workpiece (12), in particular for laser
cutting or laser welding, in particular a laser machining head, having

- an interface (14) for coupling a laser beam source for a machining laser beam (15)

- an outlet opening (11) for the machining laser beam; and

- an optical system (20) between the interface and the outlet opening, which has at least
one laser beam guiding device (25) for guiding the machining laser beam in a beam path
to the outlet opening;

wherein the laser beam guiding device includes at least two high-frequency laser
scanners (30} connected in series in the beam path in the propagation direction (z) of the
machining laser beam, which are each designed to deflect the machining laser beam by
at least one setting angle (a, B),

characterized in that

each of the high-frequency laser scanners (30} is designed to provide a maximum setting
angle (amax) for deflecting the machining laser beam in a first setting plane (xz), and
wherein a maximum summary setting angle (3> amax) in the first setting plane (xz) is

achieved by the serial connection of the high-frequency laser scanners (30).

The device according to claim 1,
wherein at least one of the high-frequency laser scanners (30) is designed to provide a

further maximum setting angle (Bmax) in a second setting plane (yz).

The device according to claim 2,

wherein the first setting plane (xz) and the second setting plane (yz) are arranged
perpendicular to one another; and/or

wherein each of the high-frequency laser scanners (30) is designed to provide the further
maximum setting angle (Bmax) in the second setting plane (yz); and/or

wherein a further maximum summary setting angle (3 Bmax) in the second setting plane

(yz) is achieved by the serial connection of the high-frequency laser scanners.

The device according to one of the preceding claims,
wherein each of the high-frequency laser scanners (30) is designed to deflect the
machining laser beam in at least one of the setting planes (xz; yz) with a setting

frequency in a range greater than or equal to 0.5 kHz, preferably between 1 kHz and 10
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kHz; and/or

wherein the maximum setting angle (amax)} is less than or equal to 50 mrad, preferably 1 to
30 mrad, more preferably 2 to 20 mrad; and/or

wherein the further maximum setting angle (Bmax) is less than or equal to 50 mrad,

preferably 1 to 30 mrad, more preferably 2 to 20 mrad.

The device according to one of the preceding claims,

wherein at least one or each of the high-frequency laser scanners (30) has at least one
movable surface (17) reflecting the machining laser beam and at least one controllable
actuator (19) for moving the surface, and/or

wherein the at least one reflecting movable surface (17} is selected from a dynamically
orientable mirror, a dynamically tiltable mirror, a segmented mirror with multiple
dynamically orientable mirror segments, a dynamically deformable mirror, a dynamically
deformable mirror with variable radius of curvature (VRM), a dynamically bimorph
deformable mirror, a dynamically deformable mirror based on MEMS or MOEMS
technology and a dynamically voice coil deformable mirror, and/or

wherein the at least one controllable actuator (19) is selected from a piezo actuator, an
electric motor, a pneumatic motor, an eccentric, a device for generating an oscillating
electromagnetic field, a MEMS oscillator, a voice coil, an electrostatically movable

actuator, a galvanometer drive, a plurality thereof and/or a combination thereof.

The device according to one of the preceding claims,

wherein a control unit (84) is provided for controlling the high-frequency laser scanners
(30) and/or the laser machining device (100), which has one or a plurality of program
modules for optimizing and/or maximizing the setting frequency and/or the setting angle;
and/or

wherein the laser machining device (100) is designed as a machining head and a device
for moving the machining head is provided; and/or

wherein a laser beam source (82) for the machining laser beam is coupled to the
interface, in particular a laser beam source with a laser power greater than or equal to 1
kW, preferably between 1 kW and 100 kW.

Use of a laser machining device (100) according to one of the preceding claims, for
performing at least one procedure selected from

- machining a workpiece (12) with at least one setting frequency in a range greater than
or equal to 0.5 kHz, preferably between 1 kHz and 10 kHz, and/or with at least one of the
summary setting angles (> a; B), in particular with at least one of the maximum summary

setting angles (3 amax; Y Pmax), and/or with a laser power greater than or equal to 1 kW,
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preferably between 1 kW and 100 kW, of the laser beam source;

- machining a workpiece (12) with the laser machining device (100) designed as a
machining head, with optimization of a movement trajectory of the machining laser beam
(15) in at least one workpiece plane, in particular in accordance with at least one
predetermined contour of workpiece parts to be cut or weld seams, by means of
redundant division of the movement trajectory of the machining laser beam between the
device for moving the machining head and the high-frequency laser scanners (30);

- centring of the machining laser beam (15) in the outlet opening (11);

- laser cutting with the cutting gas beam decentred in relation to the machining laser
beam, in particular laser cutting for producing bevel cuts or laser cutting of tubes;

- laser cleaning;

- laser hardening;

- removing filler material from CFRP materials using the machining laser beam, in
particular fibreglass; and

- laser welding.

A method for laser machining a workpiece (12), in particular for laser cutting or laser
welding, with a laser machining device (100) according to one of claims 1 to 6;
comprising the following steps

generating a machining laser beam (15) by means of the laser beam source (82);
guiding the machining laser beam in the beam path to the outlet opening (11) by means
of the at least one laser beam guiding device (25); and

deflecting the machining laser beam (15) by means of the at least two high-frequency
laser scanners (30) connected in series in the beam path in the propagation direction (z)
of the machining laser beam by at least one setting angle (a, B) in each case,

wherein each of the high-frequency laser scanners (30) provides a maximum setting
angle (amax) for deflecting the machining laser beam in a first setting plane (xz), and
wherein a maximum summary setting angle (3> amax) in the first setting plane (xz) is

achieved by the serial connection of the high-frequency laser scanners (30).

The method according to claim 8,
wherein at least one or each of the high-frequency laser scanners (30) provides a further

maximum setting angle (Bmax) in a second setting plane (yz).

The method according to claim 9,
wherein a further maximum summary setting angle (3 Bmax) in the second setting plane
(yz) is achieved by the serial connection of the high-frequency laser scanners (30); and/or

wherein the first setting plane (xz) and the second setting plane (yz) are arranged such
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that they are perpendicular to one another.

The method according to one of claims 8 to 10, wherein each of the high-frequency laser
scanners (30) deflects the machining laser beam (15) in at least one of the setting planes
(xz; yz) with a setting frequency in a range greater than or equal to 0.5 kHz, preferably
between 1 kHz and 10 kHz; and/or

wherein the maximum setting angle (amax) is provided in a range less than or equal to 50
mrad, preferably 1 to 30 mrad, more preferably 2 to 20 mrad; and/or

wherein the further maximum setting angle (Bmax) is provided in a range less than or equal
to 50 mrad, preferably 1 to 30 mrad, more preferably 2 to 20 mrad.

The method according to one of claims 8 to 11,

wherein the workpiece (12) is machined with at least one parameter selected from

- at least one setting frequency in a range greater than or equal to 0.5 kHz, preferably
between 1 kHz and 10 kHz;

- at least one of the setting angles (a; B) in the respective setting planes (xz; yz), in
particular with at least one of the maximum summary setting angles (> Omax;; 3 Bmax}; and
- a laser power greater than or equal to 1 kW, preferably between 1 kW and 100 kW, of
the laser beam source.

A computer program product comprising one or a plurality of program modules, which
cause the device according to one of claims 1 to 6 to carry out the method steps
according to one of claims 8 to 12 and/or at least one of the procedures of the use
according to claim 7, in particular when the program modules are loaded into a memory
device of the device.
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