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DESCRIPTION

Description

[0001] The present invention relates to laser cutting devices for cutting machine tools and in
particular relates to a laser cutting head for use in a fiber optic laser cutting system in a cutting
machine or combined cutting/punching machine for metal sheets.

[0002] The use of laser systems for cutting, engraving and welding workpieces is known and
widespread in the machine tool sector for processing metal sheets and plates.

[0003] As known, the laser is a device capable of emitting by means of a stimulated emission
process monochromatic light, i.e. with a single wavelength, coherent in space and
concentrated in a beam having very high luminosity (brightness). The ability to concentrate a
big amount of energy in a very small area allows laser devices to cut, engrave and weld
metals. The cutting of metal materials typically occurs by vaporization and, above all, by
melting. In the latter case, the laser beam melts a small area of the workpiece and the molten
metal (slag) is removed by a blow or jet of gas.

[0004] Within the laser emitting apparatuses, different types of sources can be used to
generate a laser beam suitable for cutting metals. Gas lasers (dioxide, carbon monoxide CO2)
and solid-state lasers (doped glass laser diodes and fiber lasers) are generally used.

[0005] Due to the high energy required for cutting sheet metal, even of great thickness, the
dimensions and weight of the laser emitting devices are such as to prevent their positioning
directly on the machine tools. To overcome this drawback, a laser cutting head or more simply
a cutting or focusing head can be positioned on the machine tool and connected to the laser
emitting apparatus through an optical chain (CO2 laser) or a transmission fiber (optical fiber,
for example in YAG laser diodes) to emit the laser beam generated by the emitting apparatus
and focus it on the workpieces. By virtue of its small size and low weight, the cutting head can
in fact be moved by the machine tool with precision and speed to perform the cutting of the
product.

[0006] In so-called fiber laser cutting systems, in which a fiber optic cable with diffuser prism is
used to bring the laser beam to the cutting head, the latter typically comprises a collimating
group which transmits the light beam exiting the fiber optic to a focusing group capable of
focusing the laser beam on the workpiece, i.e., positioning its focal point or focus in a set point
on the surface of the workpiece or just below or just above such a surface.

[0007] The focused laser beam exits the cutting head through a nozzle which concentrates the
blow or jet of gas used to remove the slag generated by the melting of the metal and reduce
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the probability that the slag can reach the focusing group. For this purpose, a transparent
element or protective window or glass is also provided at the nozzle, which separates the
inside of the cutting head from the external environment and allows the passage of the laser
beam exiting the focusing group.

[0008] The exact positioning of the focal point where all the power of the laser beam is
concentrated is essential for performing the correct cutting of the material. Alaser head having
the features of the preamble of claim 1 is disclosed in document DE10 2017 131224.

[0009] A laser head having the features of the preamble of claim 3 is disclosed in document
US 2002/190040.

[0010] Laser cutting heads, in particular those with high power, are however subject to a
phenomenon commonly known as "thermal focus shift”", which causes the optical aberration of
defocus or blurring, i.e. a shift of focus with respect to the desired and optimal point (on the
surface of the piece or just below or just above it), as better explained below.

[0011] As is known, a small fraction of the energy of the laser beam passing through the
lenses of the collimating and focusing optical groups is absorbed and transformed into heat,
mainly due to the non-absolute transparency of the optical elements (coating and substrate).
Further heat absorption may also be caused by the contamination and/or damage of the
surface layer generally provided on the lens surfaces.

[0012] The prolonged use of the machine tool, in particular with extremely high laser powers,
therefore causes a considerable heat absorption and a consequent increase of the
temperature of the entire cutting head. This increase of temperature affects all the optical
elements forming the cutting head, i.e. the diffusing prism of the transmission fiber, the
collimating group, the focusing group and the separation glass (in particular the latter two, very
close to the workpiece or to the melting area of the same where very high temperatures are
concentrated) and causes a variation in both the refractive index of the lenses and their shape.
The change of refractive index and lens shape caused by the increase in temperature causes
the focal point to shift.

[0013] To compensate for the "thermal focus shift" phenomenon, the position of the focal point
can be adjusted by suitably moving a lens of the focusing group, which is mounted on a
respective tray or lens-carrying slide that is linearly movable along an adjustment direction
parallel to the direction of the laser beam so as to allow the focusing of the laser beam.
Alternatively, if it is suitable or necessary for the lens(es) of the focusing group to be kept fixed,
the correct positioning of the focal point on the workpiece is achieved by suitably moving a lens
of the collimating group, which is mounted on a respective linearly movable tray or slide.

[0014] The movement of the focusing or collimating group can be controlled manually by an
operator through visual inspection of the laser beam projected on the workpiece, or by
numerical control on the basis of the automatic measurement of the shift of the focal point.
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However, while visual inspection and manual control constrain the accuracy and repeatability
of the cut to the operator's capabilities and hardly result in high quality processing, on the other
hand, the measurements of the focal point shift require a great deal of time and expensive
equipment and imply an increase in machine tool costs.

[0015] In addition, the heat absorption also causes a series of further aberrations such as
spherical, coma and astigmatism aberrations, which also affect the wavefront of the laser
beam, in particular the distribution of electromagnetic intensity within the laser beam,
contributing to the decay of the cutting features or the impossibility of performing the cutting.

[0016] An object of the present invention is to improve the known laser cutting heads for use in
cutting or combined cutting/punching machine tools for metal sheets, in particular fiber optic
laser cutting heads.

[0017] Another object is to obtain a laser cutting head capable of ensuring cutting precision
and repeatability, in particular with extremely high laser powers and also in the case of intense
and prolonged use of the machine tool on which the laser cutting head is mounted.

[0018] A further object is to obtain a laser cutting head which allows a plurality of optical
aberrations affecting the wavefront of the laser beam exiting the cutting head to be measured
and reduced in a simple and effective manner.

[0019] Another object is to obtain a laser cutting head having a compact shape and particularly
limited dimensions and which is economical and easy to make.

[0020] These and other objects are achieved by a laser cutting head according to claim 1 or
claim 3 and a method according to claim 12.

[0021] The invention can be better understood and implemented with reference to the
attached drawings which illustrate exemplifying and non-limiting embodiments thereof, in
which:

» figure 1 is a simplified section of the laser cutting head of the invention according to a
first embodiment;

« figure 2 is a simplified section of a variant of the laser cutting head of figure 1;

» figure 3 is a simplified section of the laser cutting head of the invention according to a
different embodiment.

[0022] Figure 1 shows a first embodiment of the laser cutting head 1 according to the
invention, which is associable with a cutting or combined cutting/punching machine tool for
cutting and a mechanical piece 100, for example of a sheet metal.

[0023] The laser cutting head 1 is powerable by a laser emitting apparatus, not shown in the
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figure, through optical transmission means 4 such as an optical chain or a transmission fiber.
In particular, the emitting apparatus is a solid-state fiber laser stimulated emission apparatus,
for example with high power, and the optical transmission means 4 comprise a fiber optic cable
for transporting a laser beam L generated by the emitting apparatus to the laser cutting head
1, the latter being capable of emitting the laser beam L and focusing it in a focal point F placed
on a surface 101 of the piece 100 facing the laser cutting head 1 or just below or just above
said surface 101.

[0024] The laser cutting head 1 comprises a collimating group 2 which includes at least one
collimating lens 3 for collimating the laser beam L coming from the laser emitting apparatus,
and a focusing group 5 which includes at least one focusing lens 6 for focusing in the focal
point F the laser beam L exiting collimated from the collimating group 2.

[0025] Supporting and moving means 7 support and move along an adjustment direction X at
least one between the collimating group 2 and the focusing group 5, for example only the latter
in the embodiment illustrated in figure 1, in order to change the focal point F of the laser beam
L. The supporting and moving means 7 comprise linear guide means 71 for slidably supporting
and guiding the focusing group 5 along the adjustment direction X, preventing shifts and/or
oscillations transverse to the adjustment direction X which would cause a shift of the focal point
F of the laser beam L and/or a modification of the size and/or shape of the same focal point F
on the piece 100.

[0026] The laser cutting head 1 further includes at least one optical element 8 for receiving the
laser beam L exiting focused from the focusing group 5, reflecting at a given angle of
reflection, for example between about 10° and about 100°, a focused first portion L1 of the
received laser beam L and transmitting to the focal point F a focused second portion L2 of the
same received laser beam L. The optical element 8 is for example a beam separator, in
particular chosen among a cubic beam splitter (CBS), an optical prism and a semi-transparent
mirror. Casing means 15 of the laser cutting head 1 form an internal space 20 adapted to
contain at least the collimating group 2, the focusing group 5, the supporting and moving
means 7 and the optical element 8.

[0027] The internal space 20 is closed and hermetically sealed, i.e. air-tight, from an external
environment where the laser cutting head 1 is located. In other words, the casing means 15
prevent the entry into the internal space 20 of contaminants and foreign elements, in particular
slag and solid and gaseous residues generated by the laser cutting, which could dirty the
collimating lenses 3, the focusing lenses 5 and the optical element 8 or jeopardize the
operation of the supporting and moving means 7.

[0028] To this end, the casing means 15, which can have a substantially cylindrical shape,
parallelepiped shape or complex geometric shape, are provided with an inlet opening 51
coupled to the optical transmission means 4, which allows the entry into the internal space 20
of the laser beam L generated by the emitting apparatus, a side opening 53 hermetically
closed by a transparent optical element 11 for the transmission of the focused first portion L1



DK/EP 4100200 T3

of the laser beam L towards the external environment, and an outlet opening 52 positioned at
a cutting nozzle 30 and hermetically closed by a separation glass 32. The latter, in addition to
being adapted to separate the internal space 20 of the laser cutting head 1 from the external
environment, allows the transmission of the collimated and focused laser beam L, in particular
of the focused second portion L2, from the laser cutting head 1 towards the external
environment.

[0029] The cutting nozzle 30 concentrates a blow or jet of gas intended to remove the slag
generated by melting the workpiece 100 and at the same time contributes to reduce the
probability that said slag can reach the inside of the laser cutting head 1 with the
consequences above illustrated.

[0030] Linear guiding means 71 and further anti-rotation means are also housed inside the
casing means 15, in particular are fixed to an inner wall thereof. The anti-rotation means, of a
known type and not shown in detail in the figures, are arranged to prevent the supporting and
moving means 7 from rotating around an axis parallel to the adjustment direction X during the
movement of the collimating group 2 and the focusing group 5. The rotation of the lenses, in
particular of the collimating lens 3, may in fact cause a shift of the focal point F of the laser
beam L and a variation in the size and/or shape of such a focal point F on the piece 100. The
laser cutting head 1 also comprises a wavefront sensor 9, of a known type and not further
described in detail, for example a Shack-Hartmann wavefront sensor, and an electronic
processor 12 connected to both the wavefront sensor 9 and to the supporting and moving
means 7, in particular to the linear guiding means 71.

[0031] The wavefront sensor 9, which in the illustrated embodiment is positioned outside the
casing means 15, is adapted to receive the focused first portion L1 of the laser beam L, which
passes through the transparent optical element 11 closing the side opening 53 of the casing
means 15, perform a phase measurement of a wavefront of the focused first portion L1, the
latter being in particular collimated by a respective collimating optical system 19 positioned
upstream of the wavefront sensor 9 with reference to a propagation direction P1 of the focused
first portion L1, then obtain a reconstructed wavefront on the basis of said phase measurement
and send the reconstructed wavefront to the electronic processor 12.

[0032] The electronic processor 12 is then configured to perform a comparison between the
reconstructed wavefront obtained by the wavefront sensor 9 and a reference wavefront and,
consequently, determine on the basis of such a comparison one or more optical aberrations
which the focused first portion L1 of the laser beam L is subjected to.

[0033] It should be noted that, with respect to the focused second portion L2 of the laser beam
L which hits and processes the piece 100, the focused first portion L1 is subject to further
optical aberrations due to the transparent optical element 11 which closes the side opening 53
and through which said focused first portion L1 passes to reach the wavefront sensor 9. In
order to improve the system accuracy, said further optical aberrations are advantageously
known to the electronic processor 12, for example by initial or periodic calibration of the laser
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cutting head 1.

[0034] The reference wavefront with which the reconstructed wavefront is compared can be an
ideal wavefront free of optical aberrations, for example in the case where a high-precision
processing of the piece 100 is required, or a predetermined wavefront affected by predefined
optical aberrations, for example in the case where the processing of the piece 100 must meet
less stringent precision requirements.

[0035] The electronic processor 12 is then capable of operating the supporting and moving
means 7 to move the collimating group 2 and/or the focusing group 5 along the adjustment
direction X, in particular only the focusing group in the embodiment illustrated in figure 1, in
order to reduce the optical aberrations of the laser beam L, in particular of the focused second
portion L2, taking into account the further aberrations to which only the focused first portion L1
is subjected, and vary the focal point F.

[0036] More in detail and with reference to what has already been highlighted, in the case of
high-precision processing, i.e. with an ideal reference wavefront free of optical aberrations, the
electronic processor 12 is configured to operate the supporting and moving means 7, so that
the optical aberrations of the laser beam L are minimized and in particular zeroed and
changing the focal point F accordingly, while in the case of processing with less stringent
precision requirements, i.e. in the case of a predetermined reference wavefront affected by
predefined optical aberrations, the electronic processor 12 is configured to operate the
supporting and moving means 7 so that the optical aberrations of the laser beam L are less
than or equal to such predefined optical aberrations, changing the focal point F accordingly.
Advantageously, the electronic processor 12 can control an alarm device, of a known type and
not illustrated in the figures, for example a visual and/or acoustic alarm device. When the
electronic processor 12 detects that the optical aberrations to which the laser beam L is
subjected exceed a predetermined threshold value, for example set a priori by the user, it
sends an activation signal to the alarm device which generates a visual and/or sound error
signal. Thereby, the user can stop the processing of the piece 100 before the latter is
irreversibly damaged by the laser beam L, subject to aberrations exceeding the threshold and
therefore harmful to the piece 100, as it is not concentrated in the correct focal point F. WWhen
associated with a machine tool and put into use, the laser cutting head 1 is capable of
performing a method according to the invention for controlling the laser cutting of a piece 100.
Such a method comprises the steps of:

« performing the laser cutting of the piece 100 by means of the laser cutting head 1
associated to the machine tool;

= powering the laser cutting head 1 with a laser beam L coming from a laser emitting
apparatus;

» collimating by means of the collimating group 2 and focusing, at the focal point F and by
means of the focusing group 5, the laser beam L;

+ reflecting through the optical element 8 at least the focused first portion L1 of the laser
beam L exiting focused from the focusing group 5;
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» performing through the wavefront sensor 9 a phase measurement of a wavefront of said
focused first portion L1;

e obtaining through the same wavefront sensor 9 a reconstructed wavefront on the basis
of the phase measurement;

« performing by means of the electronic processor 12 a comparison between the
reconstructed wavefront and the reference wavefront;

« determining by means of the same electronic processor 12 and on the basis of said
comparison one or more optical aberrations to which the laser beam L is subjected,;

» reducing, in particular again by means of the electronic processor 12, the optical
aberrations to which the laser beam L is subjected in order to change the focal point F.

[0037] In accordance with what has been seen so far, if a high-precision processing is
required, i.e. the reference wavefront is an ideal wavefront free of optical aberrations, the
reducing step comprises minimizing, in particular zeroing, the aforesaid one or more optical
aberrations. Alternatively, if a processing with less stringent precision requirements is required
and therefore the reference wavefront is a predetermined wavefront affected by predefined
optical aberrations, the method according to the invention comprises the step of reducing the
optical aberrations so that they are less than or equal to the predefined optical aberrations.

[0038] Advantageously, when the optical aberrations exceed a predetermined threshold value,
set a priori by the user, the method according to the invention comprises the step of emitting
an error signal through an alarm device controlled by the electronic processor 12.

[0039] Still advantageously, the method according to the invention may further comprise the
step of calibrating the laser cutting head 1, once for example when the machine tool is
switched on or periodically during the processing of the piece 100. It is thereby possible to
detect in particular the further optical aberrations introduced by the transparent optical element
11, to which the focused first portion L1 is subjected.

[0040] The laser cutting head 1 of the invention is therefore capable of ensuring cutting
precision and repeatability, even with extremely high laser powers and in the context of intense
and prolonged use of the machine tool on which the laser cutting head 1 is mounted.

[0041] Thanks to the wavefront sensor 9 connected to the electronic processor 12, it is in fact
possible to measure a plurality of optical aberrations, including, for example, the shift of the
focus due to the "thermal focus shift", spherical aberration, coma and astigmatism, affecting
the laser beam L exiting the cutting head, in particular when the machine tool is used for a long
time and with extremely high laser powers, causing an increase in temperature of all the optical
elements and causing a change in both the refractive index of the lenses and their shape, with
consequent shift of the focal point F. On the basis of the measurements of the wavefront, the
electronic processor 12 is then capable of modifying the structure of the optical system, in
particular by operating the supporting and moving means 7 of the collimating 2 and/or focusing
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5 optical groups, to easily and effectively reduce the optical aberrations to which the laser
beam L is subjected and thus change the focal point F so that it is positioned and concentrated
at the desired point on the surface 101 of the piece 100 or just below or above such a surface
101.

[0042] In a variant of the first embodiment of the laser cutting head 1 according to the
invention, illustrated in figure 2, the output opening 52 that is positioned at the cutting nozzle
30 is hermetically closed by an optical element 38 capable of receiving the laser beam L exiting
focused from the focusing group 5, reflecting with an angle of reflection, for example between
about 10° and about 100°, a focused first portion L1 of the received laser beam L and
transmitting to the focal point F a focused second portion L2 of the same received laser beam
L. The optical element 38 is for example a beam separator, in particular chosen among a cubic
beam splitter (CBS), an optical prism and a semi-transparent mirror.

[0043] The optical element 38 is positioned as a separation glass adapted to separate the
internal space 20 of the laser cutting head 1 from the external environment. Thereby, the laser
cutting head 1 requires fewer optical components and has a compact shape, particularly
limited dimensions and reduced weight, thus being adapted to be associated in particular with
a machine tool having stringent dimensions and handling requirements. This variant is also
economic and easy to manufacture.

[0044] Figure 3 shows a second embodiment of the laser cutting head 1 according to the
invention, which is also associable to a cutting and/or punching machine tool, respectively for
cutting and/or punching a mechanical piece 100, for example a sheet metal.

[0045] In this second embodiment, the laser cutting head 1 comprises components similar to
those described above and indicated with the same reference numbers, i.e. a collimating group
2 for collimating a laser beam L from a laser emitting apparatus, a focusing group 5 for
focusing the laser beam L exiting collimated from the collimating group 2 in a focal point F, at
least one optical element 8 for receiving the laser beam L exiting focused from the focusing
group 5 and reflecting a focused first portion L1, and an electronic processor 12. The
collimating group 2, the focusing group 5 and the optical element 8 are contained in the
internal space 20 of the casing means 15. In particular, fixing means 70 support the collimating
group 2 and focusing group 5 and hold them in a fixed position with respect to the casing
means 15.

[0046] In a variant not shown, the optical element which receives the focused laser beam L,
reflects the focused first portion L1 and transmits the focused second portion L2, also acts as a
separation glass intended to separate the internal space 20 of the laser cutting head 1 from
the external environment, with the aforesaid advantages of compact shape, particularly limited
dimensions, reduced weight and low costs of the laser cutting head 1.

[0047] The laser cutting head 1 in this second embodiment comprises at least one adaptive
optical device 10 having an adjustable shape.
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[0048] As is known, the adaptive optical device 10 comprises an adaptive optical element 16
having a thickness such as to allow the deformability thereof and a suitable support consisting
of piezoelectric or electromagnetic or electromechanical actuators, not visible in the figure,
connected to the adaptive optical element 16 and the electronic processor 12 to model the
shape of at least one deformable surface 17 of the adaptive optical element 16. Thus, the
electronic processor 12 is capable of adjusting the shape of the adaptive optical device 10 by
controlling the piezoelectric or electromagnetic actuators that support the adaptive optical
element 16.

[0049] The adaptive optical device 10 is positioned upstream of the focusing group 5 with
reference to a propagation direction P of the laser beam L which goes from the collimating
group 2 to the focusing group 5, preferably downstream of the collimating group 2. Specifically,
with reference to figure 3, the laser beam L generated by the emitting apparatus and
transported by the optical transmission means 4 to the laser cutting head, exits collimated from
the collimating group 2, hits the deformable surface 17 of the adaptive optical element 16 and
is reflected by the latter towards the focusing group 5 following the propagation direction P.
The laser cutting head 1 according to this second embodiment also comprises at least one
wavefront sensor 9 adapted to receive the focused first portion L1 of the laser beam L, perform
a phase measurement of a wavefront of the focused first portion L1, obtain on the basis of this
phase measurement a reconstructed wavefront and send the reconstructed wavefront to the
electronic processor 12.

[0050] The electronic processor 12 is configured to perform a comparison between the
reconstructed wavefront and a reference wavefront, determine on the basis of such a
comparison one or more optical aberrations to which the laser beam L is subjected, excluding
the further optical aberrations to which only the first focused portion L1 is subjected, and
control the piezoelectric or electromagnetic actuators to adjust the shape of the adaptive
optical device 10, reduce the aforesaid optical aberrations and change the focal point F. Similar
to what has already been seen, in the case of high-precision processing the reference
wavefront is an ideal wavefront free of optical aberrations and the electronic processor 12 is
configured to adjust the shape of the adaptive optical device 10 so that the optical aberrations
of the laser beam L are minimized and in particular zeroed and thereby changing the focal
point F. In the case of processing with less stringent precision requirements, the reference
wavefront is a predetermined wavefront affected by predefined optical aberrations and the
electronic processor 12 is configured to adjust the shape of the adaptive optical device 10 so
that the optical aberrations of the laser beam L are less than or equal to such predefined
optical aberrations and changing the focal point F.

[0051] In a different embodiment not shown, the laser cutting head 1 according to the
invention may comprise both supporting and moving means 7, which support and move along
an adjustment direction X at least one among the collimating group 2 and the focusing group 5,
and an adaptive optical device 10, such components being contained in the internal space 20.
In this case, the supporting and moving means 7 and the actuators of the adaptive optical
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device 10 are connected to the electronic processor 12. The electronic processor, in order to
reduce the optical aberrations of the laser beam L and change the focal point F, is capable of
both operating the supporting and moving means 7 of the optical groups and controlling the
piezoelectric or electromagnetic actuators of the adaptive optical device 10, simultaneously or
alternatively.

[0052] Alternatively to what is illustrated in the figures, the wavefront sensor 9 may be
positioned at and hermetically seal the side opening 53 of the casing means 15 or positioned
inside the internal space 20 of the laser cutting head 1, in this second case the side opening 53
and the transparent optical element 11 which hermetically closed said side opening, being not
necessary.

[0053] The laser cutting head 1 according to any one of the further embodiments and variants
described or according to a possible combination thereof, when associated with a machine tool
and put into use, is also capable of implementing the steps of the method of the invention for
controlling the laser cutting of a piece 100, in accordance with what has already been
illustrated.

[0054] Advantageously, the laser cutting head 1 of the invention may also include a cooling
unit, which is externally fixed to a respective wall of the casing means 15, and thermo-
conductive means, which connect the supporting and moving means 7 or the fixing means 70
to the said wall of the casing means 15, so as to extract by thermal conduction from the
supporting and moving means 7 or fixing means 70 and from the collimating 2 and focusing 5
optical groups the heat generated in the latter ones when they are crossed by the laser beam
L. For this purpose the supporting and moving means 7, the fixing means 70 and at least the
respective wall of the casing means 15 are made of material with high thermal conductivity.

[0055] In a version of the laser cutting head 1 of the invention not shown in the figures, the
collimating lenses 3 and the focusing lenses 6 are cooled by a cooling system of a known type
which includes the introduction of gas (typically nitrogen) at a controlled temperature inside the
laser cutting head 1 so as to lap and thus cool the lenses.
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Patentkrav

1. Laserskaerehoved (1), forenelig med et maskinvaerkigj, omfattende:
- en kollimerende gruppe (2) til at kollimere en laserstrale (L), der kommer
fra et laseremitterende apparat;
- en fokuseringsgruppe (5) til at fokusere i et breendpunkt (F), naevnte laser-
strale (L) forlader kollimeret fra naevnte kollimerende gruppe (2);
- stotte- og bevaegelsesmidler (7) til at understotte og bevage sig langs en
justeringsretning (X) mindst én mellem naevnte kollimerende gruppe (2) og
fokuseringsgruppe (5);
- mindst et optisk element (8; 38) til at modtage neaevnte laserstrale (L), der
forlader fokuseret fra naevnte fokuseringsgruppe (5) og reflektere en fokuse-
ret forste del (L1) af den modtagne laserstrale (L);
- en elektronisk processor (12), der er tilpasset til at betjene naevnte stotte-
og beveaegelsesmidler (7) til at bevaege mindst én mellem naevnte kollime-
rende gruppe (2) og fokuseringsgruppe (5) langs naevnte justeringsretning
(X);
kendetegnet ved, at den omfatter mindst én bolgefrontsensor (9}, der er tilpasset
til at modtage naevnte fokuserede farste del (L1) af laserstralen (L), udfere en fa-
semaling af en bglgefront af naevnte fokuserede forste del (L1), opna en rekonstru-
eret bplgefront pa basis af naeevnte fasemaling og sende naevnte rekonstruerede
bolgefront til neevnte elektroniske processor (12), den elektroniske processor der
er konfigureret til at udfere en sammenligning mellem naevnte rekonstruerede bal-
gefront og en referencebalgefront, bestemme pa basis af neevnte sammenligning
en eller flere optiske aberrationer, som laserstralen (L) er omfattet af, og betjene
neevnte stotte- og bevaegelsesmidler (7) for at reducere naevnte en eller flere opti-

ske aberrationer og eendre neevnte breendpunkt (F).

2. Laserskaerehoved (1) ifalge krav 1, hvori neevnte referencebolgefront er en ideel
boelgefront fri for optiske aberrationer eller en forudbestemt belgefront pavirket af
foruddefinerede optiske aberrationer, naevnte elektroniske processor (12) er konfi-
gureret til at betjene naevnte stotte- og bevaegelsesmidler (7) saledes at naevnte
ene eller flere optiske aberrationer henholdsvis minimeres og isaer nulstilles eller

ellers er mindre end eller lig med neevnte foruddefinerede optiske aberrationer.

3. Laserskaerehoved (1), forenelig med et maskinveerktgj, omfattende:
- en kollimerende gruppe (2) til at kollimere en laserstrale (L), der kommer

fra et laseremitterende apparat;
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- en fokuseringsgruppe (5) til at fokusere i et breendpunkt (F), naevnte laser-

strale (L) forlader kollimeret fra naevnte kollimerende gruppe (2);

- mindst én adaptiv optisk anordning (10) med justerbar form;

- mindst et optisk element (8; 38) til at modtage naevnte laserstrale (L), der

forlader fokuseret fra naevnte fokuseringsgruppe (5) og reflektere en fokuse-

ret forste del (L1) af den modtagne laserstrale (L);

- en elektronisk processor (12) tilpasset til at justere formen af naevnte adap-

tive optiske anordning (10);
kendetegnet ved, at den omfatter mindst én bolgefrontsensor (9}, der er tilpasset
til at modtage naevnte fokuserede farste del (L1) af laserstralen (L), udfere en fa-
semaling af en belgefront af naevnte fokuserede forste del (L1), opna en rekonstru-
eret bplgefront pa basis af naeevnte fasemaling og sende naevnte rekonstruerede
bolgefront til naevnte elektroniske processor (12), sidstnavnte er konfigureret til at
udfere en sammenligning mellem neevnte rekonstruerede bolgefront og en referen-
cebplgefront, at bestemme pa basis af naevnte sammenligning en eller flere optiske
aberrationer som laserstralen (L) udseettes for, og justere formen af naevnte adap-
tive optiske anordning (10) for at reducere naevnte ene eller flere optiske aberrati-

oner og eendre neevnte braendpunkt (F).

4. Laserskeaerehoved (1) ifglge krav 3, hvori neevnte referencebuolgefront er en ideel
boelgefront fri for optiske aberrationer eller en forudbestemt belgefront pavirket af
foruddefinerede optiske aberrationer, naevnte elektroniske processor (12) er konfi-
gureret til at justere formen af naevnte adaptive optiske anordning (10) saledes at
neevnte ene eller flere optiske aberrationer henholdsvis minimeres og iseer nulstil-

les, ellers er mindre end eller lig med neevnte foruddefinerede optiske aberrationer.

5. Laserskeerehoved (1) ifelge krav 3 eller 4, hvori naevnte adaptive optiske anord-
ning (10) er placeret forudgaende for neevnte fokuseringsgruppe (5) med reference

til en udbredelsesretning (P) af naevnte laserstrale (L).

6. Laserskeaerehoved (1) ifelge et hvilket som helst af de foregaende krav, hvori

neevnte mindst en bglgefrontsensor (9) er af Shack-Hartmann-typen.

7. Laserskeerehoved (1) ifelge et hvilket som helst af de foregaende krav, hvori
naevnte mindst et optiske element (8; 38) er en straledeler, isaer valgt blandt en

kubisk straledeler, et optisk prisme og et semi-transparent glas.
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8. Laserskeerehoved (1) ifolge et hvilket som helst af de foregaende krav, omfat-
tende indkapslingsmidler (15), der danner et indre rum (20), der er tilpasset til at
indeholde i det mindste naevnte kollimerende gruppe (2), fokuseringsgruppe (5},

stotte- og beveaegelsesmidler (7) og mindst et optisk element (8).

9. Laserskaerehoved (1) ifslge krav 8, hvori naevnte optiske element (38) er tilpas-
set til at adskille naevnte indre rum (20) af laserskeerehovedet (1) fra et eksternt

miljg.

10. Laserskaerehoved (1) ifglge krav 8 eller 9, hvori naevnte indkapslingsmidler
(15) er tilvejebragt med en lateral abning (53), der er luftteet lukket af et gennem-
sigtigt optisk element (11) til transmissionen af naevnte fokuserede farste del (L1)
af laserstralen (L) mod det eksterne miljg, naevnte bolgefrontsensor (9) er ekstern

i forhold til naevnte indkapslingsmidler (15).

11. Laserskaerehoved (1) ifelge et hvilket som helst af de foregaende krav, hvori

det laseremitterende apparat er en fiberlaser, isaer en hgjeffektfiberlaser.

12. Fremgangsmade til styring af laserskaeringen af et emne (100), omfattende
trinene:
- at foretage laserskeeringen af naevnte emne (100) ved hjeelp af et laserskee-
rehoved (1), der er forbundet med et maskinvaerktoj;
- at forsyne naevnte laserskeerehoved (1) med en laserstrale (L);
- at kollimere og fokusere i et braendpunkt (F) af naevnte laserstrale (L);
- at reflektere mindst én fokuseret farste del (L1) af neevnte fokuserede la-
serstrale (L); og kendetegnet ved folgende trin:
- at udfere en fasemaling af en belgefront af naeevnte mindst ene fokuserede
forste del (L1);
- at opna en rekonstrueret belgefront pa basis af naevnte fasemaling;
- at udfere en sammenligning mellem neevnte rekonstruerede boglgefront og
en referencebolgefront;
- pa basis af neevnte sammenligning at bestemme en eller flere optiske aber-
rationer, som laserstralen (L) er omfattet af;
- at reducere naevnte ene eller flere optiske aberrationer, som laserstralen (L)

er omfattet af, for at andre naevnte braendpunkt (F) af laserstralen (L}.
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13. Fremgangsmade ifglge krav 12, hvori naevnte referencebalgefront er en ideel
balgefront fri for optiske aberrationer, og naevnte reduktion omfatter minimering,
iseer nulstilling, af neevnte ene eller flere optiske aberrationer, eller naevnte refe-
rencebglgefront er en malbslgefront pavirket af foruddefinerede optiske aberratio-
ner og navnte fremgangsmade omfatter trinnet at reducere de neaevnte optiske
aberrationer, sa de er mindre end eller lig med neevnte foruddefinerede optiske

aberrationer.

14. Fremgangsmade ifelge krav 12 eller 13, hvori trinnene med at udfere en fase-
maling og opna en rekonstrueret bglgefront er implementeret af en bglgefrontsen-
sor (9).

15. Fremgangsmade ifelge et hvilket som helst af kravene 12 til 14, yderligere
omfattende trinnet at udsende et fejlsignal, nar de neevnte optiske aberrationer

overstiger en forudindstillet teerskelveerdi.
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