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(57) Abstract: A system (10) for laser processing is provided.
The system (10) comprises a laser source (12), a laser scan-
ning system (16), a camera (18), a robot (14), a processing
unit (20) and a control unit (22). The laser scanning system
(16) defines a center beam axis and is configured for scanning
a working beam and a measurement beam (30). The camera
(18) is inclined to and spaced from the center beam axis and
has a tixed relation to the laser scanning system (16). The ro-
bot (14) is configured for moving the laser scanning system
(16). The processing unit (20) is configured for determining a
relation between a setting of the system (10) and a position of
a focus of the working beam or of a projection of the working
beam and is configured for generating path data based on said
determined relation and based on predefined criteria. The
control unit (22) is configured for controlling the setting of
the system (10) for scanning the working beam over a work-
piece (38) according to the path data for processing the mater -
ial of the workpiece (38).
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System and Method for Laser Processing
FIELD OF THE INVENTION

The present invention relates to laser processing, in particular to a system and a method for

laser processing of a workpiece.
BACKGROUND

Laser processing, such as laser welding, laser cutting, laser marking and laser engraving, is
performed by systems using a laser scanning system, such as a scanning head, to scan a laser

beam over a workpiece.

In order to monitor the laser processing, it is known to use systems comprising a camera. In
some systems, the camera is arranged on a center beam axis, which is defined by the laser
scanning system. The center beam axis defines a path, i.e. a direction, orientation and posi-
tion, of a central beam, which can be provided in a center position or center setting of a de-

flection optics of the scanning system.

A camera position on the center beam axis has the disadvantage that the view of the camera
on the workpiece portion being processed may be shielded by melt expulsions and/or plasma
plumes created during laser processing. This disadvantage can be avoided, by using an in-
clined orientation for the camera such that the viewing direction of the camera is inclined with
respect to the scanned laser beam and with respect to the center beam axis. An example for a

laser welding device with an inclined camera is provided in US 2006/0006156 A1.

In order to obtain process results of a high quality, e.g. in terms of weld strength, visual ap-
pearance or aesthetic and functionality, it is essential, that the laser beam is scanned precisely
with respect to a desired predetermined path and that the predetermined path has been correct-
ly and precisely defined with respect to the workpiece. One of the most common ways for
generating a path for the laser beam, i.e. a sequence of settings which allows for scanning the
laser beam along said path, is to teach the system by use of a pilot beam or guiding beam. In

such a procedure the pilot beam is moved to specific landmarks or reference points on the
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workpiece and the corresponding setting for the laser beam which is used for laser processing
is determined. The accuracy of a visual assessment of the guiding beam positioning by eye is
limited (naked eye resolves around 0.25 mm) and the corresponding path generation is time

consuming.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a system and a method for laser processing,

which allow for a fast, accurate and efficient laser processing.

This object is solved by the independent claims. Further developments and advantageous em-

bodiments are defined in the dependent claims.

The present invention relates to a system for laser processing of a workpiece, wherein the
system comprises a laser source, a laser scanning system, a camera, a robot, a processing unit

and a control unit.

The laser source is configured for generating a working beam. The laser source can be further
configured for generating a measurement beam. Alternatively, the system comprises a further
optical source for generating the measurement beam. Because the system is configured for
generating two different beams, namely the working beam and the measurement beam, the
working beam can be used for laser processing, while the measurement beam can be used for
generating path data based on which the system can be controlled for laser processing, as ex-

plained further below.

The laser scanning system defines a center beam axis and is both configured for scanning the
measurement beam over the work piece and for scanning the working beam over the work
piece. Hence, the same laser scanning system can be used for generating path data based on
scanning the measurement beam and for laser processing based on scanning the working

beam.

The camera is inclined to the center beam axis and spaced from the center beam axis. Accord-
ing to this arrangement, the camera can have a viewing direction on a workpiece which is

tilted or inclined with respect to the measurement beam when being scanned over the work
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piece. This allows for determining the position and the orientation of the workpiece in three-
dimensional space with respect to the system e.g. by triangulation. This would not be possi-
ble, if the viewing direction of the camera and the direction of the measurement beam would

coincide,

Due to its inclined and spaced arrangement, the camera is also suitable for monitoring the
laser processing from the side. This allows for performing the monitoring even in case of the
occurrence of plasma plumes or melt expulsions which usually extend in a vertical direction,
i.e. in a direction corresponding to or close to the center beam direction. Because the camera
is spaced from and inclined to this direction, the view of the camera on the workpiece portion

of interest is not shielded.

The inclined and spaced orientation of the camera allows further for determining a vertical
position or distance of the processing location on the workpiece from the laser scanning sys-

tem.

Further, the camera is arranged in a fixed relation to the laser scanning system and the robot is
configured for moving the laser scanning system. Hence, the scanning of the working beam
and of the measurement beam can be performed by the laser scanning system and the robot in
combination. This allows for a faster scanning and for increasing the scanning range, wherein
the scanning range is increased both in terms of a scannable area and in terms of a scannable
orientation of a surface portion of the workpiece with respect to the system. The fixed relation
between the camera and the laser scanning system thereby ensures that a movement of the
laser scanning system caused by the robot coincides with a corresponding movement of the
camera. Accordingly, the above orientation of the camera and the above resulting advantages

can be provided at a high scanning speed and for a large scanning area.

The processing unit is configured to determine a relation between a setting of the system and
a resulting position of a focus of the working beam or of a projection of the working beam
relative to the workpiece for that setting, based on a spatial relation between the working
beam and a measurement beam and based on a camera image of the workpiece taken when
the workpiece is scanned by the measurement beam. The processing unit is further configured
to gencrate path data based on the aforementioned determined relation and based on prede-

fined criteria. Path data are data which allow controlling the setting of the system such that
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the working beam is scanned over the workpiece along a path which is defined by the path
data. Accordingly, the path data must not necessarily comprise the three-dimensional coordi-
nates of the desired path but corresponding information which allows for adjusting the setting
of the system, such that the working beam is scanned along a corresponding path with respect
to the work piece. Such corresponding information can comprise, for example, a sequence of
system settings, which allows scanning the working beam along the corresponding path. Since
the determined relation comprises positional information of the workpiece, the remaining cri-
teria for generating the scanning path with respect to the workpiece can be predefined, i.e. can
be defined in advance and independently from the shape and the relative position and orienta-
tion of the workpiece with respect to the system. This allows to predefine certain criteria for a
scanning path independently from any specific workpiece and to use these criteria to generate
a path for a workpiece having a specific shape and a specific relative orientation and position
with respect to the system. Hence, the information required to generate the path can be partial-
ly obtained by the system itself by using the measurement beam and the camera without need
to collect information about the specific workpiece, such as about shape, orientation or posi-
tion. Therefore, the system can generate the path data automatically as soon as the workpiece
to be processed is provided below the laser scanning system. Because the path data can be
generated automatically for the positioned specific workpiece of the generated path is inde-
pendent from any positioning of the workpiece and does not rely on external workpiece in-
formation. Therefore, the processing can be comparatively, accurate and fast without need for

a time consuming preparation of the laser processing.

The control unit is configured to control the setting of the system for scanning the working
beam over the workpiece according to the path data for processing the material of the work-
piece. Because the system allows to generate the path data directly before the laser processing
based on a measurement performed by the same system which is used for the laser processing
and based on the same workpiece in the same orientation and position as used for the laser

processing, the laser processing can be very accurate and can have a high quality.

Accordingly, the system allows for a fast and accurate laser processing and for a monitoring
of the processing, wherein the same scanning system is used for scanning of the measurement
beam and for scanning of the working beam and the same camera is used for monitoring and
for path generation. By using the laser scanning system and the camera for different functions,

it is not necessary that the system must comprise further components for performing these



10

15

20

25

30

WO 2017/017054 "S- PCT/EP2016/067638

functions. This efficient use of the system components allows to provide the above functions

at comparatively low cost.

Laser processing can comprise at least one of laser welding, laser cutting, laser marking and

laser engraving.

The predefined criteria may comprise predefined features in one or more images of the work-
piece, wherein the one or more images can be taken by the camera when the workpiece is
illuminated or scanned with the measurement beam. Alternatively or additionally, the prede-
fined criteria can comprise predefined path information. Because the predefined features
and/or the predefined path information are predefined, it is not necessary that they comprise
any information about the geometry of the workpiece and/or the position and orientation of
the workpiece with respect to the system. The predefined path information can be independent

from any image taken by the camera.

The setting of the system can comprise a setting of a deflection optics of the laser scanning
system, a setting of a focusing optics of the laser scanning system and/or a setting of the ro-
bot. The setting of the deflection optics and the robot can determine the position of a projec-
tion of the measurement beam on the workpiece. The position of the projection can be
changed by changing the setting of the deflection optics and/or of the robot, i.e. by moving
the deflection optics and/or by using the robot to move the laser scanning system. An addi-
tional control of the focusing optics is not necessary but can result in a path which does not
necessarily lie on the surface of the workpiece but which can also be arranged above or below
the surface. In this case the path can correspond to the path of the focus of the working beam
can be above or below the surface of the workpiece, while the projection of the working beam

on the workpiece necessarily lays on the surface of the workpiece.

According to a preferred embodiment, the system further comprises a monitoring unit for
monitoring the laser processing by using the camera. Such a system can be used for fast and
accurate laser processing as well as for monitoring the laser processing by sharing system
components without need for a further optical sensing unit and without need for a time con-

suming rebuilt of the system, e.g. by interchanging of components.
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According to a further embodiment, the system further comprises a process control unit for
controlling the focusing and/or the power of the working beam based on a monitoring of the
monitoring unit. This allows for improving the process quality in real time, i.e. during the
laser processing, in direct response to a monitoring, which detects that the process deviates

from a desired process.

The processing unit can further be configured to determine a three-dimensional (3D) topology
of the workpiece based on a spatial relation between the measurement beam and the camera
and based on at least one camera image of the workpiece taken when the measurement beam
is scanned over the workpiece. The determination of the 3D topology is possible, because the
camera is inclined to the center beam axis and is spaced from the center beam axis. This al-
lows for comparing a 3D topology of the unprocessed and processed workpiece before and

after the laser processing.

According to a further embodiment, the system comprises an evaluation unit for comparing a
3D topology of the workpiece before and after the laser processing. This embodiment allows

for a fast and easy assessment of the laser processing.

The system may further comprise a display unit for visualizing a difference between the com-
pared topologies. Accordingly, the quality of the laser process can be visualized and assessed

based on a visualized appearance.

Preferably, the power of the measurement beam is lower than the power of the working beam.
This can ensure that the workpiece is not processed or damaged by the measurement beam

and is only be processed by the working beam.

Preferably the system is arranged, such that for a given setting of the system the measurement
beam and the working beam exit the laser scanning system on the same path. Hence, the
measurement beam and the working beam would coincide after leaving the laser scanning
system, if these beams would be provided simultaneously. In this arrangement, the before-
mentioned relation can be determined quite easily because it is not necessary to transform the

setting for the measurement beam to a setting for the working beam.
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In one or more of the before-mentioned embodiments, the laser source can be a fiber laser and
the measurement beam and the working beam can use a common fiber. This ensures an accu-
rate alignment of the measurement beam path and the working beam path, which makes the
determination of the path data, as mentioned before, easier and which can improve the accu-
racy of the path data. It may not be necessary to adjust further optical components to a align

the measurement beam and the working beam.

The present invention is further related to a method for laser processing of a workpiece by use
of a system comprising a laser scanning system, a camera and a robot, wherein the camera is
inclined to a center beam axis defined by the laser scanning system, is spaced from the center
beam axis and is arranged in a fixed relation to the laser scanning system, wherein the method

comprises:
- providing a workpiece below the laser scanning system,

- scanning or illuminating the workpiece with a measurement beam by using the laser

scanning system,

- during said scanning or illuminating, acquiring images of the workpiece by using the
camera,

- determining a relation between a setting of the system and a resulting position of a focus
of the working beam or of a projection of the working beam relative to the workpiece for

that setting, wherein the relation is determined based on a relation between the measure-

ment beam and the working beam and based on the images acquired by the camera,
- generating path data based on the relation determined and based on predefined criteria,

- controlling the setting of the system for scanning the working beam over the workpiece

according to the path data for processing the material of the workpiece.

The steps of determining a relation and generating path data can comprise the following steps:

- discerning features in one or more images of the workpiece, wherein said one or more
images are taken by said camera, when the workpiece is illuminated or scanned with the

measurement beam,

- determining from said discerned features a characteristic feature based on a comparison

with a predefined feature,
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- determining a setting of the system for the working beam, wherein said setting is deter-
mined based on a position of the characteristic feature in said one or more images taken

by the camera.

Preferably, the steps of scanning the measurement beam and/or the working beam are per-
formed by the laser scanning system and by the robot. If the laser scanning system and the
robot are used in combination for the scanning, the scanning range and the scanning speed can

be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details and advantages of the present invention will become apparent from the follow-
ing description, in which illustrative embodiments are described with reference to the ap-

pendent drawings, in which

Fig. 1 illustrates a system according to an embodiment of the present invention,
Fig. 2 illustrates an image acquired with a camera of the system of Fig. 1,

Fig. 3 shows a superposition of multiple images acquired by the camera of the system of

Fig. 1,

Fig. 4 is a flow chart illustrating a method according to an embodiment of the present inven-

tion,
Fig. 5 illustrates steps of the method illustrated in Fig. 4,
Fig. 6 illustrates a monitoring of a laser processing using the system of Fig. 1,
Fig. 7 illustrates images taken by the camera of the system of Fig. 1, and

Fig. 8 illustrates the scanning of a measurement beam and a working beam,

In the drawings, same reference signs are used to designate same features.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 shows a system 10 according to an embodiment of the present invention. The system 10
comprises a laser source 12, a robot 14, a laser scanning system having the form of a laser

scanning head 16, a camera 18, a processing unit 20 and a control unit 22.

As shown in Fig. 6, the laser scanning head 16 defines a center beam axis 24 and the camera
18, which is arranged in a fixed relation to the laser scanning head 16, defines a viewing axis
26. The camera 18 or the viewing axis 26 thereof is inclined with respect to the center beam
axis 24. Additionally, the camera 18 or a cross section of the viewing axis 26 and an image

plane 28 of the camera 18 is spaced from the center beam axis 24.

The laser source 12 of the system 10 is configured to generate a measurement beam 30 and a

working beam 31 which can be provided via an optical fiber 32 to the laser scanning head 16.

The scanning head 16 is mounted to the robot 14, wherein the robot allows for a rotation
around several axes A to As, as is illustrated in Fig. 1. This allows for translating the scan-
ning head 16 in the example of Fig. 1 in three dimensions while keeping the orientation of the
scanning head 16 within the XYZ coordinate system indicated in Fig. 1. Additionally, the
robot 14 allows for changing the orientation of the scanning head within the XYZ coordinate

system indicated in Fig. 1.

The scanning head 16 includes a deflection optics 34 and a focusing optics 36. The scanning
of the measurement beam 30 and the working beam 31 over the workpiece 38 can be per-
formed by moving the deflection optics 34 and/or by using the robot 14 to move the scanning
head 16. By additional use of the robot larger areas and more complex shapes can be scanned
as compared to systems which only use a scanning head 16 for scanning. For example, the
robot 14 allows for scanning even surfaces having a normal direction which is perpendicular
to the Z-direction in Fig. 1. As can be seen from Fig. 1, the robot 14 therefore allows for

scanning surfaces being tilted with respect to each other by 90° or even more.

In the following it will be explained how the system 10 can be used for generating path data
which allows for controlling the setting of the system 10 in order to scan the working 31 beam

along a desired path with respect to the workpiece 38.
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The setting of the system 10 comprises the setting of the robot 14, i.e. the rotational positions
with respect to axes Ajto As, and the setting of the deflection optics 34. These settings deter-
mine the position and orientation of the measurement beam 30 and working beam 31, when
provided, and create a projection of the measurement beam 30 or the working beam 31 at a
corresponding position of the workpiece 38, when the workpiece 38 is provided below the
laser scanning head 16. Accordingly, a path on the workpiece 38 can be defined by a se-

quence of settings of the robot 14 and the deflection optics 34.

Additionally but not necessarily, the setting of the system 10 can also comprise a setting of
the focusing optics 36. In this case, a path which is defined by the setting of the system 10
with respect to the workpiece 38 can also extent out of the surface plane of the workpiece 38,

if the path corresponds to a path of the focal positions of the working beam 31.

Referring to Fig. 1, the measurement beam 30 is scanned by the deflection optics 34 of the
laser scanning head 16 comparatively fast in Y-direction and simultaneously by a movement

of the robot 14 in X-direction with a comparatively low scanning speed.

Fig. 2 shows a two-dimensional image 40 taken with the camera 18 during the scanning pro-
cess illustrated in Fig. 1. The two-dimensional image 40 comprises a line 42 which represents
a projection 44 of the measurement beam 30 on the workpiece 38, when the measurement
beam 30 is scanned by the deflection optics 34 in Y-direction. In the example of Fig. 2, the
integration time of the camera 18 is comparatively large with respect to the scanning in Y-
direction and comparatively slow with respect to the scanning in X-direction. Accordingly,
the image 40 comprises a line 42, instead of an area or a single dot as a representation of the

projection 44 of the measurement beam 30.

In other examples, which are not shown, an image similar to that of Fig. 2 can be obtained by
superposing multiple camera images, taken with a lower integration time of the camera 18. In
these examples, each camera image comprises a dot instead of the line 42, wherein the super-

position of all dots corresponds to the line 42 as shown in Fig. 2.

In the example of Fig. 1 the workpiece 38 corresponds to a sheet of metal which is bended,

such that a bending line 46 is provided. The bending line 46 corresponds to a path on the
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workpiece 38 along which the workpiece 38 can be processed, e.g. by laser cutting. Because
the workpiece 38 is folded or bended upwards with respect to the bending line 46. The bend-
ing line 46 corresponds to a valley line or to a path of local minima along the surface of the
workpiece 38. This surface profile of a valley is reflected in the projection 44 having a V-
shape with a local minimum on the bending line 46. Because the camera 18 is tilted with re-
spect to the center beam axis 24 corresponding to the Z-direction in Fig. 1, also the line 42 in

the camera image 40 has a V-shape.

Based on the predefined criterion “local minimum in a line 42” the image 40 can be analyzed
and a local minimum 48 and a position thereof in the two-dimensional image 40 can be de-
termined. Based on the position of the local minimum 48 in the image 40 it is possible to de-
termine the three-dimensional position of the intersection of the projection 44 and the bending
line 46 in the XYZ coordinate system. This determination can be performed by use of triangu-
lation, which requires that the camera 18 is spaced from the direction defined by the meas-
urement beam 30 and inclined with respect to this direction. The three-dimensional position
can thereby be determined based on the direction of the measurement beam 30 when pointing
at the intersection between the bending line 46 and the projection 44 based on, the direction of
the reflected measurement beam being reflected from the intersection to the camera, and

based on the distance between the camera and the measurement beam 30.

In a similar way, it is possible to determine for every position on the line 42 in the two-
dimensional camera image 40 the corresponding actual three-dimensional position on the pro-
jection 44 on the surface of the workpiece 38 in the XYZ coordinate system. The XYZ coor-
dinate system can be used to describe the three-dimensional position and orientation of the

workpiece 38 with respect to the system 10.

Fig. 3 shows a superposition of multiple camera images 40 which have been taken during the
scanning of Fig. 1 for different scanning positions in X-direction. For each line 42 in Fig. 3
the image position of the corresponding local minimum 48 can be determined. From each
determined image position the corresponding three-dimensional position on the bending line
46 on the surface of the workpiece 38 can be determined, as explained above. From these de-
termined three-dimensional positions a three-dimensional path or coordinates representing the
three-dimensional path can be generated and provided to the control unit 22. Based on these

coordinates, which represent path data, the control unit 22 can control the laser scanning head
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16, the robot 14 and the laser source 12 to scan the working beam 31 over the workpiece 38,
such that the projection of the working beam 31 moves along the three-dimensional path
which in this example corresponds to the path of the bending line 46. In this example, the
three-dimensional scanning path for the working beam 31 corresponds to the path of the bend-

ing line 46.

It is noted that in other examples, other predefined criteria can be used which result in a three-
dimensional path which does not correspond to a characteristic line in the surface profile of
the workpiece 38, such as the bending line 46. For example it is possible to determine path
positions based on image positions which are determined based on the predefined criterion,
that the image position of interest corresponds to “a position on the line 42 and has a prede-
fined distance from a local minimum 48 in a predefined direction (e.g. left or right)”. In other
examples, the path can have a predefined offset in the XYZ coordinate system with respect to
the bending line 46. It is further noted that it is not even necessary that the path for scanning
the working beam lies in the surface plane of the workpiece 38. In some examples, the path
generated for scanning the working beam corresponds to a three-dimensional path of the fo-
cus positions of the working beam 31 which can be above or below the surface of the work-
piece 38. This can be achieved by using a corresponding setting of the focusing optics 36,

which is moveable in some examples.

It is further noted that the path data which allows for controlling the system 10, such that the
working beam 31 is scanned along a corresponding three-dimensional path over the work-
piece 38 does not necessarily correspond to the coordinates of this path. As explained for the
above example, the path can be generated in terms of three-dimensional coordinates and
based on these coordinates the control unit 22 can control the setting of the system according-
ly. In other examples, however, the setting of the system 10 can be controlled without explic-
itly determining the coordinates of the three-dimensional path, because the setting can also be
determined based on the setting which is used for scanning the measurement beam 30 over
the workpiece 38 and based on the spatial relation between the measurement beam 30 and the
working beam 31. In one example, the measurement beam 30 and the working beam coincide
for the same setting, such that a setting which is used for a scanning of the measurement beam

30 can be used for the same scanning of the working beam.
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Fig. 4 illustrates the steps which can be performed to generate path data and to control the

setting of the system 10 according to the generated path data.

Fig. 5 illustrates a flow diagram showing an example of performing the third step of Fig. 4
(third box from above). In a first step, a region of interest (ROI) is selected. This can be per-
formed manually, e.g. by selecting a certain area in the superpositioned images of Fig. 3 or by
selecting a certain area on the workpiece 38. All further steps are preferably performed auto-

matically by the processing unit 20 of the system 10.

In a next step, it is defined which of the lines 42 within the ROI is used as a starting point, e.g.
a “first” line 42 if i=1. Then the first line or the camera image 40 containing the first line 42 is
read and analyzed based on a predefined criterion. In the example of Fig. 5, six different pre-
defined criteria are used, namely “peak/valley (or local maximum/local minimum) of intensi-
ty”, “peak/valley of the first spatial derivation” of line 42 in image 40 and “peak/valley of the
second spatial derivation” of line 42. Then the most relevant result is selected, e.g. based on a

predefined threshold and/or on a predefined image region.

In a next step the X, Y and Z coordinates of a position corresponding to the image position of
the predefined feature (e.g. valley of dZ/dY) are stored as a position of the path. Then the be-
fore-mentioned steps are repeated for the following lines 42 until the last line 42 has been
read. Then the path positions are combined in a post processing to path data and the path data

is sent to the control unit.

In the example of Fig. 1 to 3, the path generation is based on the determining a predefined
feature (e.g. a local minimum), in the camera image 40 which is a result of the bending of the
workpiece 38. In this example, the path generation relies on a bending line 46 in the profile of

the workpiece 38.

It is noted, that in other examples, the predefined criteria must not rely on characteristic fea-
tures in a three-dimensional surface profile, e.g. the predefined criterion of a “peak/valley
intensity”. This example can be used for workpieces corresponding to a combination of two
plane metal sheets which have been loosely arranged side by side and abut each other. If the
surface of such a workpiece is scanned similar as illustrated in Fig. 1, the camera image 40

will contain a straight line, wherein the intensity of the straight line will have a dip in the in-
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tensity at an image position corresponding to the transition from one metal sheet to the other
metal sheet. In this example the path can be generated along the line at which the metal sheets

but each other the generated path can be used for a laser welding to connect both metal sheets.

In other examples, a cutting line can be manually drawn on the workpiece, e.g. with a paint
having a higher reflectivity than the material of the workpiece. In this case a “local maximum
of the intensity” can be used as predefined feature to generate a path for a laser cutting pro-

cess along the painted profile on the workpiece.

In still other examples, e.g. for engraving processes, the predefined feature can correspond to
a predefined image or to predefined letters to be graved on the workpiece. In this case, the
scanning of the measurement beam 30 can be used to generate data corresponding to a three-
dimensional surface profile of the workpiece 38. In a next step, the predefined image can be
combined with the surface profile to generate path data corresponding to the image and being
adapted to the geometry and position of the specific workpiece below the laser scanning head

16.

Accordingly,, the laser scanning system 10 allows for a fast and accurate laser processing
without need for time consuming path generation. The path can be generated automatically or

almost automatically based on predefined criteria.

It is further possible to determine the three-dimensional topology of the workpiece before and
after the laser processing by evaluating the camera images 40 using triangulation. This allows
to compare the topologies and to assess the process quality based on differences in the topol-
ogies. These differences can be visualized, e.g. by colorizing the surface in accordance with
distances. This allows for an easy visual assessment whether the process fulfils desired re-

quirements or not, e.g. when showing undesired deformations.

Fig. 6 illustrates that the system 10 further allows an advantageous real time process monitor-
ing, because the camera 18 is spaced from the center beam axis 24 and is inclined with respect
to this axis. Fig. 6 illustrates a laser welding process in which the working beam 31 is scanned
over a workpiece 52. The welding process creates a keyhole 54 in the workpiece 52 surround-
ed by a melt pool 56. If the intensity of the working beam 31 is too high a plasma plume 58

and a melt expulsion formed by melt droplets 60 can occur. The melt expulsion and the plas-
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ma plume 58 usually extend in the direction of the working beam 31 perpendicular or almost
perpendicular to the workpiece 52. Because the camera 18 is spaced from the center beam
axis 24 and tilted the view of the camera 18 on the keyhole 54 and on the melt pool 56 is not
shielded or not completely shielded by the plasma plume 58 and the melt droplets 60, such

that the laser process can be observed in real time and controlled, if necessary.

Fig. 7 shows camera images taken by the camera 18 in the arrangement illustrated of Fig. 6
for different welding processes and during different welding regimes. Fig. 7a) represents an
image of a conduction welding process in a normal regime. Fig. 7b) to 7d) show images of a
keyhole welding process in a normal regime (7b)), in a melt expulsion regime (7¢)) and in

plasma plume regime (7d)).

Referring to Fig. 7a), because the camera is spaced from the center beam axis 24 and inclined
with respect to this axis it is possible to determine three-dimensional positions and distances
in three-dimensional space of the acquired features. For example, it is possible to determine
the width W of the melt pool 56 and the length L. of the melt pool 56 by use of triangulation.
Further it is possible to determine a vertical position or distance V of the melt pool 56 with
respect to the laser scanning head 16. A determination of the vertical position would not be
possible if the camera 18 would be arranged on the center beam axis 24. It is also possible to
determine further process parameters, such as the size and the extension of the plasma plume

58, the size of the melt droplets 60 and the direction in which the drops 60 are expulsed.

Based on the monitoring it is possible to directly control the process in real time. For exam-
ple, if the occurrence of melt droplets 60 (Fig. 7¢)) or of a plasma plumes (Fig. 7d)) is ob-
served the system 10 can be controlled in order to reduce the intensity of the working beam

50 at the workpiece. This can be achieved by shifting the focus or by reducing the power.

Because the camera 18 has a tilted view onto the process, it is still possible to monitor the
keyhole 54 and the melt pool 56 or at least portions thereof in case of the occurrence of a

plasma plume 58 or melt expulsion, as can be seen from Fig. 7d) and 7c¢).

While for the exemplary laser scanning head 16 of Fig. 6 only two internal components,
namely the deflection optics 34 and the focusing optics 36, are shown for the purpose of illus-

tration, Fig. 8 illustrates an internal arrangement of the optics of another exemplary laser
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scanning head according to a further embodiment. The laser scanning head of Fig. 8 compris-
es a moveable focusing optics 62, a beam combiner 64, two deflecting mirrors 66, 68 and a
focusing lens 70. Different from one of the before-mentioned examples of the laser scanning
head 16, the focusing lens 70 of the laser scanning head of Fig. 8 is fixed and not moveable.
However, for adjusting the focus position of the working beam 31, when the working beam

31 is scanned over the workpiece 38, the moveable focusing optics 62 is provided.

The beam combiner 64 is at least partially reflective for the measurement beam 30 and at least
partially transparent for the working beam 31. The sources of the measurement beam 30 and
the working beam 31 and the beam combiner 64 are arranged, such that the measurement
beam and the working beam 31 coincide behind the beam combiner 64, if these beams 31, 30
would be generated simultaneously. Both beams 30, 31 are reflected by both mirrors 66, 68

and projected through the lens 70 onto the workpiece 38.

Each of the deflecting mirrors 66, 68 is associated with a corresponding actuator 72 and 74,
respectively. The actuators 72 and 74 can rotate the corresponding mirror 66, 68, which al-

lows for scanning the measurement beam 30 and the working beam 31 over the workpiece 38.

While the invention has been described with reference to illustrative examples and embodi-
ments, these examples and embodiments are not intended to limit the scope of the present

invention. The scope of the present invention is defined by the appended claims.
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CLAIMS

1. Asystem (10) for laser processing of a workpiece (38, 52), the system comprising

2.

a laser source (12) for generating a working beam (31), wherein the laser source is
further configured for generating a measurement beam (30) or wherein the system

comprises a further optical source for generating a measurement beam (30),

a laser scanning system (16) defining a center beam axis (24) and being both
configured for scanning the working beam (31) over the workpiece (38, 52) and for

scanning the measurement beam (30) over the workpiece,
a camera (18) which is

inclined to the center beam axis (24),

spaced from the center beam axis (24) and

arranged in a fixed relation to the laser scanning system (16),
a robot (14) configured for moving the laser scanning system (16),
a processing unit (20) configured

- to determine a relation between a setting of the system (10) and a resulting
position of a focus of the working beam or of a projection of the working beam
(31) relative to the workpiece (38, 52) for that setting, based on a spatial
relation between the working beam (31) and the measurement beam (30) and
based on a camera image (40) of the workpiece (38, 52) taken when the

workpiece is scanned by the measurement beam (30), and

- to generate path data based on said determined relation and based on

predefined criteria,
a control unit (22) configured to

- control the setting of the system (10) for scanning the working beam (31) over
the workpiece (38, 52) according to the path data for processing the material of

the workpiece.

The system (10) of claim 1, wherein laser processing comprises at least one of laser

welding, laser cutting, laser marking and laser engraving.
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The system of claim 1 or 2, wherein the predefined criteria comprise

- predefined features (48) in one or more images (40) of the workpiece (38, 52)
illuminated or scanned with the measurement beam (30) taken by said camera (18),

and/or

- predefined path information.

The system (10) of one of the preceding claims, wherein the setting of the system

comprises a setting of

- adeflection optics (34, 66, 68) of the laser scanning system (16),
- afocusing optics (36, 62) of the laser scanning system (16), and/or

- the robot (14).

The system (10) of one of the preceding claims, which further comprises a monitoring

unit for monitoring the laser processing process by using the camera (18).

The system (10) of claim 5, which further comprises a process control unit for
controlling the focusing and/or the power of the working beam (31) based on a

monitoring of the monitoring unit.

The system (10) of one of the preceding claims, wherein the processing unit is further
configured to determine a 3D topology of the workpiece (38, 52) based on a spatial
relation between the measurement beam (30) and the camera (18) and based on at least
one camera image (40) of the workpiece (38, 52) taken when the measurement beam

(30) is scanned over the workpiece.

The system (10) of claim 7, which further comprises an evaluation unit for comparing a

3D topology of the workpiece (38, 52) before and after the laser processing.

The system (10) of claim 8, which further comprises a display unit for visualizing a

difference between the compared topologies.
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10.  The system (10) of one of the preceding claims, wherein the power of the measurement

beam (30) is lower than the power of the working beam (31).

11. The system (10) of one of the preceding claims, which is arranged, such that for a given
setting of the system (10) the measurement beam (30) and the working beam (31) leave

the laser scanning system on the same path.

12, The system (10) of one of the preceding claims, wherein the laser source (12) is a fiber

laser and the measurement beam (30) and the working beam (31) use a common fiber.

13. A method for laser processing of a workpiece (38, 52) by use of a system (10)
comprising a laser scanning system (16), a camera (18) and a robot (14), wherein the
camera is inclined to a center beam axis (24) defined by the laser scanning system (16),
is spaced from the center beam axis and is arranged in a fixed relation to the laser

scanning system, wherein the method comprises:
- providing a workpiece (38, 52) below the laser scanning system (16),

- scanning or illuminating the workpiece with a measurement beam (30) by using the

laser scanning system (16),

- during said scanning or illuminating, acquiring images (40) of the workpiece (38,

52) by using the camera (18),

- determining a relation between a setting of the system (10) and a resulting position
of a focus of the working beam (31) or of a projection of the working beam relative
to the workpiece (38, 52) for that setting, wherein the relation is determined based
on a relation between the measurement beam (30) and the working beam (31) and

based on the images (40) acquired by the camera (18),

- generating path data based on the relation determined and based on predefined
criteria,

- controlling the setting of the system (10) for scanning the working beam (31) over

the workpiece (38, 52) according to the path data for processing the material of the

workpiece.
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The method of claim 13, wherein the steps of determining a relation and generating path

data comprise

- discerning features (42) in one or more images (40) of the workpiece, wherein said
one or more images are taken by said camera (18), when the workpiece (38, 52) is

illuminated or scanned with the measurement beam (30),

- determining from said discerned features (42) a characteristic feature based on a

comparison with a predefined feature (48),

- determining a setting of the system (10) for the working beam (31), wherein said
setting is determined based on a position of the characteristic feature (48) in said

one or more images (40) taken by the camera (18).

The method of claims 13 or 14, wherein the steps of scanning the measurement beam
(30) and/or the working beam (31) are performed by the laser scanning system (16) and

by the robot (14).
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