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(57) Abrege/Abstract:
The invention relates to a laser processing head (10) for processing a workpiece (10) by means of laser beam (12), comprising a

housing (14), through which a beam path for the laser beam Is led and which has a focusing optical unit (18) for focusing the laser
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(57) Abrege(suite)/Abstract(continued):
beam onto a joint (42) of the workpiece to be processed, a light cutting device (30) fitted to the housing (14) and having a light

source (34) for generating a light line (38) on the workpiece (16), which cuts a location to be joined at a predetermined distance (d)
from the joint, a camera (24) with an optical bandpass filter (28) arranged in an observation beam path in front of the camera,
whereln the light source (34) has an at least local emission maximum in the wavelength passband of the bandpass filter and the
optical bandpass filter (28) is configured in such a way that the laser beam (12) is not transmitted, and wherein the camera images
the light line at the location to be joined and also the portion - transmitted by the bandpass filter - of the process light of a welding
bath (46) produced by the laser beam impinging on the workpiece to be processed at the joint (42) at regular time Intervals, and a
processing unit (40) with a memory (58) for receiving the recorded image data from the camera, which is designed to determine, by
Image processing of the recelved image data, the intersection point (50) of the light line (38) with the location (48) to be joined and
also the midpoint of the welding bath (46) at the joint (42) to store the intersection points (50) between light line (38) and location
(48) to be joined as a target trajectory (60) In the memory (58), and to determine a minimum distance between the stored target

trajectory (60) and the current welding path midpoint.
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[Fortsetzung auf der ndachsten Seite]

(534) Title: LASER PROCESSING HEAD AND METHOD FOR PROCESSING A WORKPIECE BY MEANS OF A LASER

BEAM

(54) Bezeichnung : LASERBEARBEITUNGSKOPF UND VERFAHREN ZUR BEARBEITUNG EINES WERKSTUCKS MIT-

TELS FINES LASERSTRAHLS

(57) Abstract: The mvention relates to a laser processing head (10) for
processing a workpiece (10) by means of laser beam (12), comprising a
housing (14), through which a beam path for the laser beam is led and
which has a focusing optical unit (18) for focusing the laser beam onto a
joint (42) ot the workpiece to be processed, a light cutting device (30) fit-
ted to the housing (14) and having a light source (34) for generating a
light line (38) on the workpiece (16), which cuts a location to be jomned at
a predetermined distance (d) from the joint, a camera (24) with an optical
bandpass filter (28) arranged mn an observation beam path in front of the
camera, wherein the light source (34) has an at least local emission maxi-
mum in the wavelength passband of the bandpass filter and the optical
bandpass filter (28) 1s configured in such a way that the laser beam (12) 1s
not transmitted, and wherein the camera images the light line at the locati-

on to be joined and also the portion - transmitted by the bandpass filter -
of the process light of a welding bath (46) produced by the laser beam 1m-
pimnging on the workpiece to be processed at the joint (42) at regular time
intervals, and a processing unit (40) with a memory (58) for receiving the
recorded image data from the camera, which is designed to determine, by
image processing of the received image data, the intersection point (50) of
the light line (38) with the location (48) to be joined and also the midpoint
of the welding bath (46) at the joint (42) to store the intersection points
(50) between light line (38) and location (48) to be joined as a target tra-
jectory (60) mn the memory (58), and to determine a minimum distance
between the stored target trajectory (60) and the current welding path mid-
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(57) Zusammenfassung:
[Fortsetzung auf der ndachsten Seite/
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Die Erfindung betrittt einen Laserbearbeitungskopt (10) zur Bearbeitung eimnes Werkstiicks (10) mittels eines Laserstrahls (12),
mit einem Gehause (14), durch das ein Strahlengang fiir den Laserstrahl hindurchgefiihrt 1st und das eine Fokussieroptik (18) zum
Fokussieren des Laserstrahls aut emne Fiigestelle (42) des zu bearbeitenden Werkstiicks autweist, emner am Gehause ((14) ange-
brachten Lichtschnittvorrichtung (30) mit emer Lichtquelle (34) zum Erzeugen eimner Lichtlinie (38) aut dem Werkstiick (16), die
eine zu fligende Stelle m einem vorbestimmten Abstand (d) von der Fiigestelle schneidet, einer Kamera (24) mit einem in emnem
Beobachtungsstrahlengang vor der Kamera angeordneten optischen Bandpasstilter (28), wobei die Lichtquelle (34) ein zumindest
lokales Abstrahlmaximum im Wellenlangendurchlassbereich des Bandpasstilters autweist und der optische Bandpasstilter (28) so
ausgestaltet 1st, dass der Laserstrahl (12) nicht transmittiert wird, und wobe1 die Kamera die Lichtlinie an der zu fiigenden Stelle
sowie den durch den Bandpasstilter durchgelassenen Anteil des Prozesslichts eines durch Auftretten des Laserstrahls aut das zu
bearbeitende Werkstiick erzeugten Schweillbades (46) an der Fiigestelle (42) in regelméliigen Zeitabstanden abbildet, und emer
Verarbeitungsembheit (40) mit einem Speicher (58) zum Emptfangen der autgenommenen Bilddaten von der Kamera, die dazu aus-
gebildet 1st, durch Bildverarbeitung der emptangenen Bilddaten den Kreuzungspunkt (50) der Lichtlinie (38) mit der zu fiigenden
Stelle (48) sowie den Mittelpunkt des Schweillbades (46) an der Fiigestelle (42) zu bestimmen, die Kreuzungspunkte (50) zwi-
schen Lichtlinie (28) und zu fligender Stelle (48) als Zieltrajektorie (60) im Speicher (58) abzuspeichern, und einen minimalen
Abstand zwischen der gespeicherten Zieltrajektorie (60) und dem aktuellen Schweilibadmittelpunkt zu bestimmen.
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Laser processing head and method for processing a

workplece by means of a laser beam

Descraiption

The invention relates to a laser processing head and a
method for processing a workpiece by means of a laser
beam, 1n particular for joining by means of welding or

soldering.

A laser processing head can be used to process a
workpiece by using a laser beam, it being possible, by
way of example, to join a gap 1n a workpilece or between
two workpieces by welding or soldering. In this case
the laser beam must strike the gap to be joined, that
1s to say the butt joint, of the joining partners to be
welded. To this end, use 1s made of seam tracking
systems that are based, for example, on triangulation

SEensors.

During a welding operation, these systems use a light
cutting device that 1s fitted on a laser processing
head. In this case, the 1light cutting device uses a
laser beam to project a light fan onto the workpiece,
in order to generate a light 1line thereon. In this
method, the position of the seam joint is determined by
measurement 1n advance. In order to test whether
welding really has taken place, and whether the weld
seam 1s situated at the correct location, the position
of the seam joint determined in advance is compared
with the weld seam position that 1is determined with a
second camera with the aid of a second light line. The
second light line 1n this case runs behind the joint,
that 1s to say the point of impingement of the laser

beam on the workpiece. Such a system is described, for
example, i1n EP 0 770 445 AZ2.

In this method, the second light line for measuring the

weld seam 1s arranged a few millimeters behind the tool
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center point (TCP), that 1s to say the point where the
laser 1mpinges on the workpiece. Particularly in the
case of curvilinear weld seam profiles, this gives rise
to swinging-out movements, with the result that the
minimum curve radil are limited by the distance between
the light lines running 1in front and running behind,
since the fields of view of the cameras that detect the
light 1lines are likewise 1limited. Depending on the
curve profile or the distance between the light 1lines,
the swinging-out movements of the light lines running
in front and running behind are different, and
therefore cannot be brought under control with a swivel

axls.

DE 10 2006 049 627 Al discloses a method and a device
for the fine positioning of a workpiece with the aid of
a manipulating wunit. Given a butt Jjoint of two
workpleces to be welded, 1in this method a gap to be
detected 1in front of a processing point in the movement
direction 1s evaluated 1in order to acquire a desired
movement path, there being undertaken to this end a
grayscale 1mage evaluation of the 1images, recorded
using 1ncident light, of a camera 1in order to acquire
the contour ©position. The manipulating unit then
travels along the contours to be tracked within the
measuring range of a sensor that determines the actual
movement of the point where the laser impinges on the
workpiece, an actuator for fine positioning connected
between manipulating device and laser processing head

being used to vary the laser beam impingement point
appropriately 1in order to compensate deviations in the

desired movement path of the manipulating device.

EP 0O 707 920 Bl describes a compact laser processing
head for laser material processing with integrated
online path control. With this laser processing head,

actual path data are passed to a CNC controller in

order to acquire geometry and/or to track contours, so
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as to be fed to a processing unit at the same time. The
processing unit compares the actual path data with
desired path data from a protocol memory, the desired
path data having been determined in advance with the
ald of a master part. Given a prescribable deviation,
the processing unit is used to generate an error signal
at a system controller when the actual path data
deviate from the desired path data Dbeyond the
prescribed measure. A sensor for geometry acquisition
and/or tracking contours is supported such that it can
rotate about at least 360° in order to achieve a full

3D capability.

DE 10 2006 004 919 Al discloses a laser beam welding
head that 1is equipped, for the purpose of welding metal
parts with at least one beam path for a welding
operation and means for optically acquiring the
position of the weld seam at a first measuring
position. The means for optical acquisition of the weld
seam enable an arrangement of the first measuring
position 1in front of the welding position of the
welding beam forward in the welding direction, and
produce a correction signal for correcting the welding
position of the welding beam as a function of a lateral
deviation of the weld seam from a desired position. The

distance of the first measuring position in front of
the welding position of the welding beam is selected so

that the correction signal produced <can be used
directly, in particular without prior calculation by
driving means for correcting the welding position of

the welding beam.

It 1s the object of the invention to provide a laser
processing head and a method for processing a workpiece
by means of a laser beam, in the case of which head and
method, butt Jjoints with small radial curvature of
jolning partners to be welded or to be soldered can be

joined and monitored in a simple way.
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This object is solved by the laser processing head and
by the method for processing a workplece by means of a

laser beam as described below.

According to an aspect, there 1s provided for the

P

purpose of processing a workplece by means of a laser

beam a laser processing head comprising a housing

through which a beam path for the laser beam 1s guided,

and which has a focusing optics for focusing the laser

beam onto a joint of the workpiece to be processed, a

light cutting device fitted on the housing having a

light source for generating on the workpiece a 1light
line which «cuts a location to be jJoined at a

predetermined distance from the joint, a camera with an

optical bandpass filter arranged 1n an observation beam

path in front of the camera, the light source having an

at least local emission maximum 1n a wavelength

passband of the bandpass filter, and the optical

bandpass filter being configured so that the laser beam
is not transmitted, and the camera 1magling the 1light
line at the location to be joined as well as a portion

- transmitted by the bandpass filter - of a process

light of a melt pool, produced by the laser beam
impinging on the workpiece to be processed, at the
joint at regular time intervals, and a processing unit
with a memory for receiving recorded 1mage data from
the camera, the processing unit beling designed ¢to

F

determine, by image processing of the received recorded

image data, an intersection point of the light 1line
with the location to be jolned, as well as a midpoint

of the melt pool at the Jjoint, to store the
intersection points between light line and location to
be joined as target trajectory 1n the memory, and to
determine a minimum distance between the stored target

trajectory and the current melt pool midpoint.

Thus, for the purpose of Joining by welding or

soldering there is provided a laser processing head 1n
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which a location to be jolned is detected by means of a
laser light line running in front such that
irregularities, recorded by means of a camera, in the
light line that occur when the light line is crossed by
the location to be joined, that is to say by the butt

joint, are evaluated. The intersection points, detected

at different instants, between light line and location
to be Joined are then stored 1n a memory as target
trajectory. The same camera i1s used to observe the melt

pool, or kevhole, produced by the laser beam striking

the workpiece, and the midpoint of the kevhole 1is

calculated by 1mage processing.

In order to make practical use of the optical bandpass

filter, the latter 1is expediently an interference

1)

filter, 1n particular a Fabry-Perot filter, the half

value width of the wavelength passband preferably being

less than 50 nm, with particular preference less than

20 nm, and less than 10 nm in particular.

Thus, when the workpiece 1s being processed, 1in
particular during welding, the laser processing head 1is
used to determine a target trajectory that serves as a
desired path onto which the keyhole running behind is

—

controlled by means of an actuator. On the other hand,

the deslred path serves for checking the actuator as to
whether the latter 1s guiding the welding point around

the desired path within a predetermined range. Given an

actuator failure, it 1s therefore possible to output an
error report when the keyhole no longer runs along on

the prescribed target trajectory.

According to embodiments, 1t 1s particularly
advantageous here that the emitted radiation of the

melt pool 1s recorded and evaluated by the camera in
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order to determine the midpoint of the current welding
polint without recourse to the reflected laser
radiation. That 1s to say, 1t 1s possible thereby to
determine the position of the melt pool which produces
the weld seam, and to guide 1t according to a target
trajectory. Checking of the weld seam produced by a
laser line running behind 1s therefore eliminated,

thereby enabling tight path radii.

In order to check the correct position of the weld seam
to be produced along a butt joint, it 1s expedient when
the 1inventive laser processing head further has a
comparator which 1s designed to output an error report
upon overshooting of the minimum distance Dbetween
target trajectory and current welding midpoint beyond a

prescribed distance value.

In order to optimally guide the weld seam to be
produced along a butt joint to be welded or to be
soldered, 1t 1s advantageous when the 1nventive laser
processing head further has an actuator which 1s
designed to control the minimum distance between target
trajectory and current welding midpoint to a minimum
value, that 1s to say toward zero by moving the laser
beam transverse to a movement direction of the laser

processing head by a controlling distance (a).

It i1s expedient here for the actuator to be designed to
move the laser beam perpendicular to the movement

direction by the controlling distance (a).

To position the laser Dbeam easily and accurately
relative to the housing of the laser processing head,
1t 1s expedient when, for the purpose of adjusting the
laser beam transverse to the movement direction of the
laser processing head, the actuator is designed to move

an optical component, 1in particular a deflecting
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mirror, 1nside the housing of the laser processing
head.

When storing the determined 1ntersection points 1n
order to determine a target trajectory, it 1is
advantageous when the processing unit 1s designed to
transform the coordinates of the 1intersection points
between light line and location to be joined, as well
as of the melt pool midpoints from the moving reference
system of the imaging camera into a reference system 1in
the plane of the workpiece, the target trajectory of

the intersection points being stored 1in the memory 1n

the reference system of the workpiece.

To simultaneously record both the light line with low
light intensity and the melt pool 1in the workpilece,
which has a high light intensity, it 1s particularly
advantageous when the <camera comprises an 1mage
recording device that 1s designed to process the 1image
data by means of an HDR method. It 1s expedient here to
arrange 1in front of the camera a filter that 1s
substantially transparent to the wavelength region of
the generated 1light 1line as well as to the process
radiation of the melt pool, but 1is substantially not
transparent to the wavelength of the working laser beam

projected onto the workpiece.

To optimally align the camera 1mage produced by the
camera with the laser beam striking the workpiece, it
is particularly expedient when, furthermore, there 1s
provided in the housing of the laser processing head a
beam splitter that can be used to couple an observation
beam path of the camera coaxially 1into the laser beam
path.

It 1s, however, alsoc possible for the camera to be

fitted on an outer side of the housing.
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In order to be able to determine 1n a simple way a

distance between the focusing optics and the workpiece
by means of trilangulation, 1t 1s expedient when the

light cutting device 1s designed to generate by means

of the 1light source a 1light fan that strikes the

workpiece to be processed obliquely relative to the

gy

optical axis of the laser beam so that a light line 1is

generated on the workpiece.

Given a rectilinear movement of the laser processing
head along the workpiece, 1t 1s advantageous when the
light line projected onto the workpiece is straight and

-

runs perpendicular to the movement direction of the

laser processing head.

To determine the target trajectory given a curvaceous
butt Joint, and given an adaptation of the movement
direction of the laser processing head 1n accordance
with the profile of the butt joint, it is advantageous
when the light line projected onto the workpiece runs

P

clrcularly around the point of impingement of the laser

beam.

Owing to the high 1intensity and the slight beam
expansion of laser 1light, i1t 1is advantageous when the
light source 1s a laser, 1n particular a semiconductor

laser.

According to another embodiment there is also provided
a robot device that has an 1inventive laser processing
head as described above, the latter being designed to

move the laser processing head so that the weld

midpoint 1is guided along the target trajectory, the

-

current movement direction of the laser beam striking

the workpliece being set so that said movement direction
points away from the current weld midpoint tangentially
relative to the target trajectory. That 1is to say, it

1s possible thereby for the movement direction of the
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laser processing head or of the laser beam to be

adapted optimally to the profile of the butt joint to

be joined.

According to another aspect, there is further provided

a method for processing a workpiece by means of the

inventive laser processing head, which has the

following steps: generating on the workpiece a light
line that «cuts a location to be Jjoined at a
predetermined distance 1in front of a joint, imaging the
light line at the location to be joined as well as a
melt pool, produced by the laser beam impinging on the
workplece, at the 3joint at regular time intervals by

means oOf the camera, and processing image data produced

by the camera, having the steps of: determining an
intersection point of the light line with the location
to be joined, as well as the midpoint of the melt pool
area, storing the 1ntersection points determined at
different 1instants as target trajectory in a memory,
and determining a minimum distance between target

trajectory and current melt pool midpoint.

The inventive method expediently comprises the step of

controlling the minimum distance between target

trajectory and current melt pool midpoint by moving the

laser beam transverse to the movement direction of the

laser beam to a minimum value by a controlling distance

(a) .

The 1nvention is explained in more detail with the aid

of the drawings, 1in which:

figure 1 shows a greatly simplified schematic view of a

laser processing head 1n accordance with an exemplary

fr—

embodiment of the invention,
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figure 2A shows a greatly simplified perspective

P

partial view of the workpiece during a joining process

at a first instant,

figure 2B shows a greatly simplified perspective
partial view of the workpiece during a joining process

at a second 1instant,

figure 3A shows a greatly simplified plan view of the
workpiece during a joining process with the use of a
straight 1light line that 1is projected onto the

workpiece,

figure 3B shows a greatly simplified plan view of the
workpiece during the joining process with the use of a
circular 1light 1line that 1s projected onto the

workpliece, and

figure 4 shows a block diagram of a processing unit of
the laser processing head in accordance with the

invention.

Mutually corresponding components are provided with the
same reference symbols in the wvarious figures of the

drawings.

Figure 1 shows a greatly simplified view of a laser
processing head 10, in particular a laser processing
head, in accordance with an exemplary embodiment of the
invention as it is used with laser processing machines
or laser processing systems. Here, a working laser beam
12 coming from the laser processing machine is directed
through a housing 14 of the laser processing head 10
onto a workpiece 16, and focused by means of a focusing
optics 18 onto the workpiece 16, as is indicated by the
optical axis L. When led to the laser processing head

10 by means of an optical fiber, the working laser beam
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12 can be expanded by a collimator optics on the basis

of coupling the laser beam out of the optical fiber.

A beam splitter 20 1is arranged in the housing 14 of the
laser processing head 10 in the passage area of the
working laser beam 12 so that an observation beam path
22 (indicated by 1its optical axis) of a camera 24 1is
coupled coaxially 1into the beam path of the working
laser beam 12. An 1imaging optics 26 and an optical
bandpass filter 28 are arranged in front of the camera
24 1n the observation beam path 22. In the exemplary
embodiment of the invention shown in figure 1, the
observation beam path 22 of the camera 24 is directed
onto a working area of the workpiece 16 via the beam
splitter 20. However, it is also possible to fit the
camera 24 with an observation optics on an outer side
of the housing 14 of the laser processing head 10, it
being necessary, however, to ensure that the image,
recorded by the camera 24, of the working area of the
workplece 16 1s also moved synchronously with the
housing 14 and, 1in particular, with the focusing optics

18 when there 1is a movement of the laser processing
head 10.

Arranged on an outer side of the housing 14 is a light

cutting device 30 that is mounted on a side of the
housing 14 by means of a holder 32 that 1is located at

the front upon a movement of the laser processing head
10 1n 1ts movement direction (indicated by the arrow
A). The 1light cutting device 30 has a light source 34
by which a light fan 36 is projected in the direction
of the workpiece 16 in order to generate a light 1line
38 (shown 1in figures 2A, 3A and 3B) on the surface

thereof 1nside the working area of the laser processing
head 10.

Because of 1ts high i1ntensity and a low intrinsic beam

widening, a laser 1light source is suitable as 1light
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source 34 of the light cutting device 30, said 1light
source can be a semiconductor laser diode. By way of
example, use can be made to this end of AlGaInP laser
diodes with multi-quantum-well structures that have an
emission maximum 1n a wavelength region between 635 nm
and 670 nm. Thus, for example, it 1s possible to use a
laser diode with an emission wavelength of 658 nm and

an emitted power of 66 mW.

The optical bandpass filter 28 is arranged in front of
the camera 24, which 1s preferably a CCD camera with
logarithmic characteristic. According to the invention,
in this case the wavelength passband of the optical
bandpass filter 28 1s adapted to the at 1least 1local
emission maximum of the 1light source of the 1light
cutting device 30. Here, the half width of FWHM (full
width at half maximum) of the wavelength passband of

the filter 28 is to be selected so that the maximum of

the light source 30 as well as a spectral portion of
the process 1light that 1s emitted by the melt pool,
described below in more detail, in the workpiece 16,

are simultaneously situated with adequate intensity

within the spectral passband of the optical bandpass
filter 28, 1t being ensured that the wavelength of the
working laser beam 12 1s situated outside the spectral

passband of the bandpass filter 28. Here, the half
value width 1s preferably less than 50 nm, with

particular preference 1less than 20 nm, and less than
10 nm in particular. The optical bandpass filter 28 is
preferably a Fabry-Perot filter or Fabry-Perot etalon,
this type of filter passing electromagnetic waves of a
specific frequency range, and the remaining fregquency
components beling extinguished by interference. With
regard to the half value width of the optical bandpass
filter 28, 1t 1s advantageous when said range 1is as

narrow as possible 1n order to produce as 1little

disturbance as ©possible to the camera image by
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reflections of the laser beam 12 during operation of

the laser processing head 10.

The laser processing head 10 further comprises a
processing unit 40 connected to the camera 24, and an
actuator 41 that 1s connected to the processing unit 40
and whose function will Dbe described below more

precisely.

Although, as shown in figures 2A, 2B and 3A, the light
cutting device 30 projects onto the workpiece 16 a
straight light line 38 that 1S substantially
perpendicular to the movement direction of the laser
processing head 10, 1t 1s, for example, also
conceivable for the light cutting device 30 to project
onto the workpiece 16 a conical 1light fan around the
focal point of the laser beam 12, in order to generate
a clrcular or elliptical 1light 1line 38, as shown 1in

figure 3B.

The aim below 1s now to explain the function of the
inventive laser processing head 10 with the aid of
figures 2A, 2B, 3A and 3B.

During a Jjolining process carried out by the laser

processing head 10, which can be a welding or soldering

process, as shown by the arrow A indicated in figure 1

the laser processing head 10 1is moved over the

workpiece 16 to be joined (which can be composed of two
sheets, or similar elements, to be Jjoined to one
another) at a speed v(t), the focused laser beam 12
striking a respective joint 42 and producing a joint
seam 44 which interconnects the workpiece parts shown

1n figure 2A, on the basis of the welding operation.

When the focused laser beam 12 impinges on the Jjoint
42, the material of the workpiece 16 is fused in both

parts to be joined, the result being to produce at the
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joint 42 a melt pool 46 that is usually also termed a

keyhole. Because of the fused material of the workpiece
16, which 1s wusually metal, the melt pool 46 emits a
thermal radiation corresponding to the temperature of

the melt pool 46 produced.

The 1light 1line 38 of the light cutting device 30 1is
projected onto the workpiece 16 so that it runs 1in
front of the focal point of the laser beam 12, that 1is
to say the respective 3joint 42. The 1light cutting
device 30 1s fitted in this case on the housing 14 of
the laser processing head 10 so that the light fan 36
strikes the workpiece 16 to be processed obliquely
relative to the optical axis of the laser beam 12, and
so when the housing 14 1s moved up and down along the
optical axis L (see arrow B), the projected light 1line
38 on the workpiece 16 moves to and fro relative to the

working laser beam 12 striking the workpiece 16.

There 1s thus an increase in a distance d between the
light line 38 and the point at which the laser beam 12
impinges, which does not have to correspond to the real
point where the laser beam 12 impinges, but can also be
a virtual fixed point in the image coordinate system of
the camera 24 arranged fixedly with respect to the

light cutting device 30) when the laser processing head

10 1s moved downward, and the distance d between the
light line 38 and the point where the laser beam 12
lmplnges on the workpiece 16 is reduced when the laser

processing head 10 i1s moved upward.

Since the focus of the working laser beam 12 1is
intended, for an optimum joining process, to run always
at a predetermined height along the location to be
joined, the processing unit 40 is used to evaluate the
light line 38 acquired by the camera with regard to its
distance d from the point where the 1laser beam 12

impinges, and, by controlling the actuator 41, for an
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upward or downward movement of the housing 14 (see
arrow B), the light 1line 38 1s controlled to a
predetermined distance d which, 1n turn, corresponds to
an optimum focal position of the working laser beam 12
at the joint 42. This control mechanism can be applied
1n the same way for a conical light fan which generates

a circular light line 38 on the workpiece 16, as shown

in figure 3B.

In an inventive laser processing operation, the camera
24 1s used to record at regular time intervals both the
light 1line 38 projected onto the workpiece, and the
melt pool 46 produced by the laser beam 12 impinging on
the workpiece 16 on the basis of the emitted thermal
radiation. The camera 24 1is preferably designed to
process recorded images with a high dynamics as regards
the recorded light intensity. Camera devices which use
HDR (High Dynamic Range) methods are particularly well

sulted to this purpose.

Moreover, the camera 24 can have a logarithmic
characteristic so that the high intensity process
light, which 1s passed by the optical bandpass filter
28, can be recorded by the camera 24 simultaneously
with the 1light 1line 38, which 1is of low 1intensity
relative to the process light of the melt pool 46.
Since the optical bandpass filter 28 passes light only
within a small wavelength region and filters out the
wavelength region of the working laser beam 12, the
inventive laser processing head 10 can be used to
acqulre the outline of the melt pool 46 and the contour
of the 1light 1line 38 without the disturbance of
reflections of the laser beam 12 or other disturbing

influences.

A welding process at a first instant 1is shown in
figure 2A. The light line 38 runs over the workpiece 16
and goes beyond the butt joint or the existing gap
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between the workpiece parts, the light line 38 crossing

the location 48 to be joined at the place where the
butt joint runs. By using the processing unit 40 to
process the 1mage data recorded by the camera 24, an
intersection point 50 between the 1location 48 to be
joined and the light line 38 is determined. Here, the
profile of the light 1line 38 over the workpiece 16,
which 1s planar as a rule, 1s analyzed and the
intersection point 50 is located as the point at which
the light line 38 shows a jump or similarly comparable

lrreqularities.

Furthermore, the process 1light, transmitted by the
bandpass filter 28, of the melt pool 46, and thus the
contour of the melt pool 46, are imaged, the midpoint
of the melt pool 46 at the joint 42 being determined by
lmage processing in the processing unit 40. The outline
of the melt pool 46 <can, on the one hand, be
approximated as circular, however it 1is, on the other
hand, also possible to determine the geometric centroid

of the 1maged melt pool surface.

The 1intersection points 50 determined by the processing
unit 40 are present initially at a specific instant in
the coordinates of the image surface 52 (figures 3A and

B) recorded by the camera 24. By time integration of

the feed rate v(t) of the laser processing head 10, a
translation vector is firstly calculated at a specific
instant and, in addition, the orientation of the image
recording surface 52 relative to the workpiece 16 1is
determined, as a result of which it 1is possible to
transform the coordinates of the intersection points 50
into a coordinate system fixed relative to the
workpiece 16. As 1is shown 1in figure 4, for this
transformation the processing unit 40 has means 54 for
determining the position and orientation of the moving
reference system of the imaging camera, and means 56

for transforming the coordinates x(t), vym(t) of the
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intersection points 50 or the coordinates Xgu(t), Yra(t)
of the melt pool midpoints of the melt pool 46 from the
moving reference system of the imaging camera 1into a
reference system in the plane of the workpiece surface,
the coordinates x'qzx(t), v’'(t) of the intersection
points 50 and x’gu{t), y'xu(t) of the melt pool midpoints

being produced.

After the transformation of the intersection points 50
into a reference system fixed relative to the workpiece
16, the intersection points 50 are stored 1n a memory
58 (figure 4), a target trajectory 60 thereby being
formed by interpolation of the intersection points 50.
This target trajectory 60 forms a virtual desired path
for the following point at which the laser beam 12
impinges on the workpiece 16, that 1s to say the tool
center point or TCP. Depending on the computing
capacity of the processing unit 40, the target
trajectory 60 develops somewhat behind the light 1line
38.

According to the invention, the production of a high
quality Jjoint seam 44 is checked, or a constant quality
is ensured by control, by comparing the position of the
current melt pool midpoint 46 with the position of the

target trajectory 60, as is to be explained below.

The simplest case of a butt joint to be joined or of a
gap in the case of a workpiece 16 is shown 1in
figures 2A and 2B. The feed rate v (t) of the laser
processing head 10 and thus of the laser beam 12 runs
straight along a rectilinear Jjoint and produces a
rectilinear weld seam @ 44. After traversing  the
controlling distance d (shown in figure 2B) between the
light line 38 and the point of impingement of the laser
beam 12, the laser beam 12 has reached the location 48
to be joined, which is shown in figure 2A and has been

provided with a wvirtual 1intersection point 350 and
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By comparing the stored

[ — 4

stored 1n the memory 58.

coordinates of the intersection points 50 in the
reference system of the workpilece lo of the
intersection point 50 of the target trajectory 60 with
the coordinates of the current melt pool midpoint 46,
1t can be checked whether the melt pool 46 1is being
gulded without error along the target trajectory 60.
However, 1t 1s also possible to adjust the melt pool 46
to the target trajectory 60 by using an actuator, for
example the actuator 41 that reflects the laser beam 12

transverse to the movement direction by a controlling

distance a.

A first exemplary embodiment of a laser processing

operation is illustrated according to the invention in

figure 3A.

In this operation, a rectilinear movement is performed
with a feed rate v of the laser processing head 10, the
actuator 41 being designed to move either the entire
laser processing head 10 (with the light cutting device
30) or the point where the laser beam 12 impinges on
the workpiece 16 to and fro by a controlling distance
a. The deflecting movement of the laser beam 12 with
the controlling distance a runs here transverse to the

movement direction of the laser processing head 10, the

deflecting movement preferably belng perpendicular to
the movement direction of the laser processing head 10
in order to achieve as simple a control as possible.
The laser line 38 projected into the workpiece 16 runs
at a distance d in front of the point of impingement of
the laser Dbeam 12 and 1s preferably situated

perpendicular to the movement direction v(t) of the

laser processing head 10.

The actuator 41 can be a conventional mechanical
adjusting device that either moves the entire laser

processing head 10, or else it is also possible to
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couple the actuator 41 for adjusting the laser beam 12
to an optical component that 1s installed 1n the beam
path of the laser beam 12 in the laser processing head
10. Particularly suitable for this purpose 1s a
deflecting mirror (not shown) that can be used to move
the laser beam simply and quickly relative to the
workplece 26 without adjusting massive components. If
the laser beam 12 1s moved relative to the 1light
cutting device 30, which 1s mounted fixedly on the
housing 14, this should be taken 1into account 1n

calculating the target trajectory 60.

As shown 1in figure 4, use 1s made for this purpose of a
calculator unit 62 of the processing unit 40 which
determines a minimum distance between the stored target
trajectory 60 and a current melt pool midpoint. The
minimum distance can be used in a control operation as
an actual variable whose value 1s to be minimized.
However, 1t 1s also possible to provide 1n the
processing unit 40 a comparator 64 (figure 4) that
outputs an error <report upon overshooting of the
minimum distance between target trajectory 60 and
current welding midpoint beyond a prescribed distance

value.

A further exemplary embodiment for an 1inventive laser

processing operation with use of the associated
inventive laser processing head 10 1s shown 1n

figure 3B.

Instead o0of a rectilinear laser 1line 38, 1n this

exemplary embodiment use 1s made of a laser 1line 38
that runs 1n the shape of a circle or ellipse about the
point where the laser beam 12 impinges, that 1s to say
about the midpoint of the melt pool 46. This geometry
of the laser line 38 (which can, for example, also be
designed 1n the shape o0of a semicircle) has the

advantage that 1in the case of melt pools of extreme
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curvature the intersection point 50 between laser line
38 and location 48 to be joined can always be acquired,
and the distance between currently acquired location 48
to be joined and the midpoint of the melt pool 46

always has approximately the controlling distance d.

This shape of the laser line 1is particularly suitable
for an 1inventive variant for controlling the movement
of the laser processing head 10 which consists in that
1n addition to the deflection a for guiding the melt
pool 48 on the target trajectory 60 by a controller the
movement direction with the feed rate v is also adapted
to the acquired target trajectory 60. It 1is possible
hereby, for example, to set the current movement
direction of the laser beam 12 striking the workpiece
in such a way according to the invention that said
direction points away tangentially relative to the
target trajectory 60 from the current welding midpoint.
Thus, when the laser processing head 10 moves a tangent
is applied to the target trajectory 60 at the point
where the midpoint of the melt pool 46 is situated and
which coincides with the target trajectory 60 given a
sultable control, said tangent prescribing the
direction for the current movement direction v(t) of

the laser processing head 10.

In a further wvariant of the control of the movement
direction of the laser processing head 10, there is
formed between the current welding midpoint and the
currently acquired intersection point 50 a connecting
straight 1line that prescribes the current movement
direction of the laser processing head 10. Formation of
the straight line between welding midpoint and
intersection point 50 is, however, not limited to the
currently acquired intersection point 50 - it is, for
example, possible to select an intersection point 50 at
a prescribed radial distance from the melt pool

midpoint. Nor, moreover, 1is the method of controlling
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the movement direction of the laser processing head 10

limited to the use of a circular or elliptical laser
line 38 - it 1is also, for example, possible to

undertake to control the movement direction with a

straight laser line 38, as is shown in figure 3A.

A robot device (not shown) that guides the inventive
laser processing head 10 along the target trajectory 60

can be provided to guide the laser processing head.

Using the inventive laser processing head 10 and the
inventive method for processing a workpiece 16 by means
of the 1inventive laser processing head 10, it is
possible to implement smaller swinging-out movements on
the Dbasis of the smaller distance between position
determination of the butt joint, that 1is to say the
location 48 to be joined, and the determination of the
seam position at the tool center point, that is to say
the position of the melt pool 46, in particular the
position of the midpoint of the melt pool 46, that is
to say the melt pool midpoint. Moreover, the swinging-
out movements of the light line 38 can be performed in
advance with one axis, there being consequently no
further need for a second swivel axis. It is thereby
possible to weld and monitor smaller curve radii.

Moreover, 1t 1s possible to infer the laser beam power

from the measurement of the process radiation of the
melt pool 46, that 1is to say of the keyhole, for

example 1n the form of grayscale values.
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Patent Claims

1. A laser processing head (10) for processing a
workpiece (10) by means of a laser Dbeam (12),
comprising:

- a housing (14) through which a beam path for the

laser beam (12) 1s guided, and which has a focusing

optics (18) for focusing the laser beam (12) onto a
joint (42) of the workpiece (16) to be processed,
- a light cutting device (30) fitted on the housing

(14) having a light source (34) for generating on the
workpiece (16) a light line (38) which cuts a location
(48) to be joined at a predetermined distance (d) from
the joint (42),

= a camera (24) with an optical bandpass filter (28)

arranged 1n an observation beam path (22) in front of
the camera (24), the light source (34) having an at
least local emission maximum 1n a wavelength passband
of the Dbandpass filter (28), and the optical bandpass
filter (28) being configured so that the laser beam
(12) 1s not transmitted, and the camera (24) imaging
the light line (38) at the location (48) to be joined
as well as a portion - transmitted by the bandpass
filter (28) - of a process light of a melt pool (46),
produced by the laser beam (12) 1impinging on the
workpiece (16) to be processed, at the joint (42) at

regular time intervals, and

- a processing unit (40) with a memory (58) for
recelving recorded image data from the camera (24), the
processing unit (40) being designed

~— to determine, by 1mage processing of the received
recorded 1image data, an 1intersection point (50) of the
light line (38) with the location (48) to be joined, as
well as a midpoint of the melt pool (46) at the Jjoint
(42),

- to store the 1ntersection points (50) Dbetween
light 1line (38) and location (48) to be Jjoined as
target trajectory (60) in the memory (58), and
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- to determine a minimum distance between the stored
target trajectory (60) and the current melt pool

mlidpoint.

5 2 . The laser processing head (10) as claimed 1in

claim 1, characterized 1in that the optical bandpass

filter (28) 1s an interference filter.

3. The laser processing head (10) as claimed in

10 claim 2, characterized in that the interference filter

1s a Fabry-Perot filter.

4 . The laser processing head (10) as claimed 1in

claim 1, 2 or 3, characterized in that the wavelength

15 passband of the optical bandpass filter (28) has a full

width at half maximum less than 50 nm.

5. The laser processing head (10) as <c¢laimed 1in

claim 1, 2 or 3, characterized in that the wavelength

20 passband of the optical bandpass filter (28) has a full

width at half maximum less than 20 nm.

6. The laser processing head (10) as claimed 1in

claim 1, 2 or 3, characterized in that the wavelength

25 passband of the optical bandpass filter (28) has a full

wlidth at half maximum less than 10 nm.

7. The laser processing head (10) as claimed in any

one of the claims 1 to 6, further comprising:
30 - a comparator (604) which 1s designed to output an
error report upon overshooting of the minimum distance

petween target trajectory (60) and current welding

midpoint beyond a prescribed distance value.

35 8. The laser processing head (10) as claimed in any
one of claims 1 to 7, further comprising:
- an actuator (41) which 1is designed to control the

minimum distance between target trajectory (60) and
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current welding midpoint to zero by moving the laser

beam (12) transverse to a movement direction of the

laser processing head (10) by a controlling distance

(a) .

9. The laser processing head (10) as «claimed 1in
claim 8, <characterized in that the actuator (41) is
designed to move the laser beam (12) perpendicular to

the movement direction by the controlling distance (a).

10. The laser processing head (10) as claimed in any

one of claims 1 to 9, characterized in that the camera
(24) comprises an 1mage recording device that 1is
designed to process the image data by means of an HDR
method.

11. The laser processing head (10) as claimed in any

one of claims 1 to 10, further comprising a beam
splitter (20) to couple the observation beam path (22)

of the camera (24) coaxially into the laser beam path.

12. The laser processing head (10) as claimed in any
one of claims 1 to 11, characterized in that the light
cutting device (30) 1is designed to generate, by means
of the light source (34), a light fan (36) that strikes
the workpiece (16) to be processed obliquely relative
to an optical axis (L) of the laser beam (12) so that a
light line (38) is generated on the workpiece (16), and

Lo determine a distance between the focusing optics

(18) and the workpiece (16) by means of triangulation.

13. The laser processing head (10) as <claimed 1in
claim 12, characterized in that the 1light 1line (38)
projected onto the workpiece (16) is straight and runs
perpendilcular to the movement direction of the laser

processing head (10).



10

15

20

25

30

35

CA 02792322 2016-02-12

_25_

14. The laser processing head (10) as <claimed in
claim 12, characterized in that the 1light line (38)

projected onto the workpiece (16) runs circularly

o

around the point of impingement of the laser beam (12)

on the workpiece (16).

15. The laser processing head (10) as claimed in any
one of the claims 1 to 14, characterized 1in that the

light source (34) is a laser.

16. The laser processing head (10) as claimed in one
claim 15, characterized 1n that the laser 1is a

semiconductor laser.

17. A robot device with a laser processing head (10)
as claimed in any one of claims 1 to 16, which is
designed to move the laser processing head (10) so that
the weld midpoint is guided along the target trajectory
(60), the current movement direction of the laser beam
(12) striking the workpiece (16) being set so that said
movement directlon polnts away from the current weld

midpolnt tangentially relative to the target trajectory
(60) .

18. A method for processing a workpiece (16) by means

of a laser processing head (10) as claimed in any one

——

of claim 1 to 7 by using a laser beam (12), having the

steps of:
= generating on the workpiece (16) a light line (38)

that cuts a location (48) to be JjJoined at a

predetermined distance (d) in front of a joint (42),
- imaging the light line (38) at the location (48)
to be jolned as well as a melt pool (46), produced by

the laser beam (12) impinging on the workpiece (16), at

the joint (42) at regular time intervals by means of
the camera (24), and
- processing 1lmage data produced by the camera (24),

gr—
——

having the steps of
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A

- - determining an 1ntersection point (50) of the
light line (38) with the location (48) to be 7joined, as
well as the midpoint of the melt pool (40),

- - storing the intersection points (50) determined at

5 different 1instants as target trajectory (60) 1n a.

memory (58), and
—= determining a minimum distance Dbetween target

trajectory (60) and current melt pool midpoint.

10 19. A method as claimed 1n claim 18, further having
the step of controlling the minimum distance between
target trajectory (60) and current melt pool midpolnt

by moving the laser beam (12) transverse to the

movement direction of the laser beam (l1l2) to zero by a

15 controlling distance (a).
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