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Description

[0001] The present invention refers in general to the
field of the laser cutting processes, and more precisely
to a method for controlling a laser cutting process, as
well as to a laser cutting system implementing such a
method.
[0002] The expression "laser cutting process" is in-
tended to refer, for the purposes of the present invention,
to a process in which a laser beam focussed on the sur-
face of a workpiece, or near that surface, produces a
transformation of the material of the workpiece hit by the
laser beam to obtain first a through hole and then a cut
line starting from this through hole. The relative move-
ment of the laser beam with respect to the workpiece
determines the overall area, or volume, of material in-
volved by the process. Typically, the transformation of
the material due to the process is either a transformation
of mechanical type (deformation) or a transformation of
physical type (phase transition by fusion, evaporation or
sublimation) and is due to the following two main factors,
combined in variable proportions:

a) the heat supplied by the focussed laser beam; and
b) the heat supplied by a chemical reaction caused
by a so-called assisting gas, provided such a reac-
tion is an exoenergetic one (typically a reaction of
combustion, or more generally a reaction involving
the combination of the assisting gas with the material
of the workpiece).

[0003] In case the heat supply indicated above with b)
must not be provided for, the assisting gas is an inert gas
(such as for instance N2, Ar or He) and has the function
of shielding or of mechanical propulsion (i.e. it serves to
blow away the material which has fused, evaporated or
sublimated as a result of the heat supplied by the laser
beam).
[0004] On the contrary, in case the heat supply indi-
cated above with b) must be equal to or larger than 40%
of the total energy supply, the assisting gas is a reactive
gas and acts as energy-yielding means or as comburent.
The role of the assisting gas in the laser working process
is therefore in this case to yield energy to the process by
means of an exoenergetic reaction, with two simultane-
ous effects on the process: 1) increase in the temperature
of the volume of material involved, which results in a
physical change of state due to thermal effect (plastici-
zation, fusion, evaporation or sublimation); and 2) self-
sustainment of the reaction, in that the temperature of
the volume of material involved and the available heat
energy ensure the conditions required to cause and sus-
tain the exoenergetic reaction. An example of assisting
gas of reactive type is oxygen (O2), which is used in laser
working operations performed on carbon steel alloys,
since it is able to sustain a reaction of oxidization of the
iron contained in the steel.
[0005] Laser piercing as a preliminary phase of cutting

is usually carried out with no relative movement of the
laser beam with respect to the workpiece and is aimed
at causing breaking of the wall of material in view of the
subsequent cutting process. Laser piercing is carried out
with an optical configuration and with a position of the
focal point relative to the material which must be also
compatible with the cutting process which takes place
immediately after the wall of material has been broken.
Laser piercing takes place in a volume which remains
closed until the end of the process. As schematically il-
lustrated in Figure 1 of the attached drawings, the laser
piercing process involves first the surface S of the work-
piece P, then evolves creating a cylinder which compris-
es, starting from the optical axis A of the laser beam, a
space which collects evaporated/sublimated, fused and
heated material, in an atmosphere which comprises the
assisting gas, possible by-products deriving from chem-
ical reactions between the material of the workpiece and
the copresent gases, as well as possible other gases
contained in the air in which the workpiece being proc-
essed is placed, which gases are present as contami-
nants.
[0006] Differently from piercing, the laser cutting proc-
ess provides for a relative movement of the focussed
laser beam with respect to the workpiece. Moreover, as
schematically shown in Figure 2 of the attached draw-
ings, the laser cutting process takes place in an open
volume defined by three surfaces, namely by a pair of
flat surfaces S1, S2 which extend parallel to the direction
of the relative movement of the focussed laser beam with
respect to the workpiece, and by a third surface S3 which
connects the first two surfaces and represents the lead-
ing edge of the cut. As schematically shown in Figure 3
of the attached drawings, which is a section view of a
wall of material being cut by means of laser, which view
is taken through a section plane parallel to the direction
of the cut, the leading edge of the cut is formed by various
layers of heated, fused and evaporated/sublimated ma-
terial, in an atmosphere which comprises the assisting
gas, possible by-products deriving from chemical reac-
tions between the material of the workpiece being proc-
essed and the copresent gases, as well as possible other
gases contained in the air in which the workpiece is
placed, which gases are present as contaminants.
[0007] Document US 5,373,135 discloses a method
for controlling a laser cutting process based on setting
two temperature thresholds, namely a minimum temper-
ature threshold and a maximum temperature threshold,
respectively, corresponding to the fusion temperature of
the material being processed and to a temperature com-
prised between the fusion temperature and the evapo-
ration temperature of the material being processed, and
on measuring the temperature by measuring the light in-
tensity. When the measured temperature is higher than
the predetermined maximum threshold, then the laser is
switched off, whereas when the measured temperature
is lower than the predetermined minimum threshold, then
the laser is switched on. The control parameter of this
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known method is therefore the temperature.
[0008] Document DE-A-19607376 discloses a method
in accordance with the preamble of claim 1 and an ap-
paratus in accordance with the preamble of claim 4.
[0009] That being stated, it is an object of the present
invention to provide a method for controlling a laser cut-
ting process of the above-identified type, irrespective of
whether the process is carried out with a reactive gas or
with an inert gas, with a CO2 laser or with a solid-state
laser (Nd:YAG, fiber laser, disc laser, diode laser), which
method allows to minimize the risk that the process goes
out of control and enters a paroxysmal state in case of a
process using a reactive gas as assisting gas, allows to
minimize the risk of closure of the kerf, and therefore the
risk of interruption of the process, and also allows to im-
prove the quality of the final result of the process with
respect to the one obtainable with the control methods
already used for control of laser cutting processes.
[0010] This object is fully achieved according to the
present invention by virtue of a method for controlling a
laser cutting process comprising the steps set forth in the
enclosed independent claim 1.
[0011] According to a further aspect of the present in-
vention, this object is fully achieved by virtue of a laser
cutting system having the features set forth in the en-
closed independent claim 4.
[0012] Advantageous modes of implementation of the
control method according to the invention and advanta-
geous embodiments of the laser cutting system accord-
ing to the invention are the subject-matter of the depend-
ent claims, the content of which is to be regarded as being
an integral and integrating part of the following descrip-
tion.
[0013] In short, the invention is based on the idea of
controlling the laser cutting process, including the initial
piercing phase, by using as reference signal one or more
emission lines specific for the radiation emitted by a gas
(be it an assisting gas or a contaminant gas) present in
the volume involved by the irradiation of the focussed
laser beam and by adjusting, on the base of this reference
signal, at least one of the following process control pa-
rameters: the power of the laser, the frequency and duty
cycle of the laser pulse, the pressure of the assisting gas,
the relative speed of the laser with respect to the work-
piece, the distance between the laser head and the sur-
face of the workpiece, and the distance between the focal
point of the laser beam and the surface of the workpiece.
[0014] The control method according to the invention
provides therefore for implementing a control loop com-
prising the following steps:

- the radiation coming from the volume involved by
the laser process is detected by sensor means op-
erating in a band centred on a wavelength previously
chosen as the most suitable one for controlling the
process;

- the signal thus detected is suitably filtered and proc-
essed and then sent as input to an electronic control

unit; and
- the electronic control unit interprets the signal re-

ceived as input and, if necessary, changes one of
the above-indicated process control parameters.

[0015] The emission lines specific for the radiation
which is monitored for the purpose of control of the proc-
ess (hereinafter referred to as control radiation) are de-
tected with a bandwidth which is not wider than 100 nm.
[0016] Preferably, oxygen or nitrogen are used as emit-
ting gas. The gas used as emitting gas may indifferently
be an assisting gas or a contaminant gas. In this second
case, the gas may indifferently be either a gas normally
present in the atmosphere around the workpiece being
processed or a gas expressly introduced for this purpose
into the volume involved by the laser process.
[0017] If the gas has a mainly reactive function, its
emissions can be interpreted as indicative of the level of
the intensity with which the reaction process is occurring:
a too low level means that the reaction process is not
occurring with the rate that would be possible, whereas
a too high level means that the reaction process is oc-
curring with an excessive rate, hence with the risk of a
situation of uncontrolled or explosive process. In case of
a pulsed laser, the derivative of the signal or the minimum
level reached by a laser switched-off before the subse-
quent pulse can give an indication that the process will
tend to reduce or increase its intensity, thus becoming
on the one hand inefficient and on the other hand uncon-
trolled or explosive. The same information can be ob-
tained also in case of a continuous laser, by introducing
an overmodulation on the laser power and comparing
the time derivatives of the signal emitted by the gas during
the undermodulation step and during the overmodulation
step. Another type of control can be obtained by com-
paring the levels of emission of radiation at two or more
different wavelengths, which indicate the presence or the
transformation of at least two specific chemical species
or compounds inside the volume involved by the laser
working process.
[0018] If the gas has the function of contaminant, be it
normally present in the atmosphere around the work-
piece being processed or expressly introduced in the
process for this purpose, its emissions can be interpreted
as control signal even in case of a laser cutting process
using an inert gas as assisting gas. In case of laser pierc-
ing carried out in preparation of cutting, the signal emitted
by the contaminant gas gives the information that the
piercing cylinder is still closed and that therefore the proc-
ess is not finished yet. Once the opening in the material
has been formed, the control signal decreases signifi-
cantly and thus shows that the process has come to an
end. In case of the laser cutting, an increase in the signal
emitted by the contaminant gas gives the information that
the leading edge of the cut is tending to become parallel
to the surface of the workpiece being processed, thereby
expelling less material, less by-products and less con-
taminant gas, and that therefore the forward speed of the
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cut is too high, whereas a decrease in the signal emitted
by the contaminant gas gives the information that the
leading edge of the cut is tending to become perpendic-
ular to the surface of the workpiece being processed, and
that therefore the forward speed of the cut is too low.
[0019] More specifically the control method according
to the invention provides for monitoring the emission line
at 777 nm. This wavelength includes a strong emission
from the ionized oxygen, which can be easily detected
even when the oxygen is present only as contaminant
gas in the process, and more specifically gives the infor-
mation required for control both of the laser piercing in
preparation of cutting and of the laser cutting. In case of
a laser piercing process under oxidizing conditions, with
the use of oxygen as assisting gas, this wavelength gives
a very sensitive anticipation on the rising ramp of the
amount of ionized oxygen present in the process volume,
which ramp forebodes an explosion. In case of a fusion
laser piercing process, with the use of nitrogen as assist-
ing gas, this wavelength gives a very sensitive informa-
tion about the presence of a still closed volume which is
being fused before opening. In case of a laser cutting
process, irrespective of whether it is carried out under
oxidizing conditions or it is a fusion laser cutting process,
this wavelength represents a rich source of information,
as it provides both an anticipation of the risk of explosion
or lateral diffusion of the oxidizing process, resulting in a
reduction in the final quality of the cut, and an anticipation
of the phenomenon of the closure of the kerf, and of the
associated loss of the cut, independently of the upstream
reasons which have led to the closure.
[0020] The monitoring of the signal emitted by a gas
present in the volume of material involved by the laser
working process allows therefore to obtain information
on the state of the process and hence to control the proc-
ess by adjusting the above-mentioned process control
parameters.
[0021] With regard to the laser cutting system imple-
menting the control method according to the invention,
it basically comprises:

- a laser source, which may indifferently be of the CO2
type or of the solid-state type (Nd:YAG, fiber laser,
disc laser, diode laser);

- a laser head comprising a focussing device for fo-
cussing the laser beam generated by the laser
source and a nozzle for supplying the assisting gas;

- an optical path arranged to transport the laser beam
generated by the laser source to the focussing de-
vice of the laser head;

- a driving device arranged to move the laser head
and the workpiece with respect to each other with
an adjustable speed, as well as to control the pres-
sure of the assisting gas, to adjust the distance of
the nozzle from the surface of the workpiece and to
adjust the position of the focal point of the laser beam
relative to the surface of the workpiece; and

- a process control device comprising sensor means

for detecting at least one predetermined wavelength
band of the radiation emitted by a given gas present
in the volume of material involved by the irradiation
of the focussed laser beam, signal processing
means for processing the signal detected by the sen-
sor means, and control means for controlling, on the
base of the signal received by the signal processing
means, the laser source and/or the driving device to
adjust at least one of the following process control
parameters: the power of the laser, the frequency
and the duty cycle of the laser pulse, the pressure
of the assisting gas, the relative speed of the laser
head with respect to the workpiece, the distance be-
tween the nozzle of the laser head and the surface
of the workpiece, and the distance between the focal
point of the laser beam and the surface of the work-
piece.

[0022] According to an embodiment, the sensor means
comprise a photodiode for detecting the predetermined
wavelength band(s), a reflector/deflector device ar-
ranged to direct onto the photodiode the radiation emitted
by the laser working process and an optical filter device
interposed between the photodiode and the reflector/de-
flector device to select the predetermined wavelength
band(s).
[0023] According to an embodiment, the sensor means
comprise a plurality of photodiodes for detecting the pre-
determined wavelength band(s), a corresponding plural-
ity of reflector/deflector devices arranged each to direct
onto a respective photodiode the radiation emitted by the
laser working process and a corresponding plurality of
optical filter devices interposed each between a respec-
tive photodiode and a respective reflector/deflector de-
vice to select the predetermined wavelength band(s).
[0024] Irrespective of the number of photodiodes, of
reflector/deflector devices and of optical filter devices
used as sensor means, the (or each) optical filter device
can work in transmission or in reflection. In this second
case, the (or each) optical filter device can coincide with
the reflector/deflector device arranged to direct onto the
photodiode the radiation emitted by the laser working
process. The sensor means can be placed indifferently
above or below the focussing device of the laser head.
[0025] In case of a laser source of the solid-state type
(Nd:YAG, fiber laser, disc laser, diode laser), the optical
path comprises a transport fiber and the laser head fur-
ther comprises a collimation device, which is connected
to the final end of the transport fiber and comprises one
or more collimation lenses.
[0026] In this case, the reflector/deflector device may
comprise, between the collimation device and the focuss-
ing device, a 90-degree deflector arranged to reflect at
least the 99,9% of the laser radiation and to transmit in-
stead the radiation in the predetermined wavelength
band(s). In this case, preferably the sensor means further
comprise a focussing lens arranged between the deflec-
tor and the photodiode to focus the signal detected onto
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the photodiode. Moreover, the optical filter device is pref-
erably arranged between the deflector and the focussing
lens and comprises a first optical filter arranged to cut
down the laser radiation and a second optical filter ar-
ranged to select the predetermined wavelength band(s).
This also fully applies where a plurality of photodiodes,
of reflector/deflector devices and of optical filter devices
are provided, in which case each reflector/deflector de-
vice will comprise a respective deflector and a respective
focussing lens will be provided between each deflector
and the respective photodiode.
[0027] As an alternative to a 90-degree deflector, a
branching device can be provided, which is arranged
along the optical path and is configured so as to allow
the laser beam generated by the laser source to be fully
transported to the laser head through the transport fiber
and to the radiation which is emitted by the laser working
process and is transported through the transport fiber to
be directed onto the photodiode.
[0028] According to an embodiment, the branching de-
vice is integrated in an optical coupling device by means
of which the laser generated by the laser source is
launched in the transport fiber and comprises in particular
a beam splitter arranged between a collimation lens and
a focussing and launching lens of the optical coupling
device so as to allow the laser beam generated by the
laser source to fully pass through the focussing and
launching lens and to the radiation which is emitted by
the laser working process and is transported through the
transport fiber to be directed onto the photodiode.
[0029] According to an embodiment, the branching de-
vice comprises a secondary fiber welded to the transport
fiber. In case an optical coupling device is provided, by
means of which the laser generated by the laser source
is launched in the transport fiber, the secondary fiber is
welded to the transport fiber in a point of this latter posi-
tioned downstream of the optical coupling device. Alter-
natively, the optical coupling device can be omitted and
the secondary fiber can be welded in the same point as
the one where the transport fiber is welded to the laser
source. In this case, it is particularly advantageous if the
secondary fiber is welded to an optical combiner to which
a plurality of fibers are welded, which fibers are connect-
ed each to a respective laser module which forms part
of the laser source and is able to emit a laser beam in-
dependently of the other laser modules.
[0030] Further features and advantages of the inven-
tion will become more evident from the following detailed
description, which is given purely by way of non-limiting
example with reference to the attached drawings, in
which:

Figure 1 schematically shows the volume of material
involved by a laser piercing process;
Figures 2 and 3 schematically show the volume of
material involved by a laser cutting process;
Figure 4 schematically shows a process control de-
vice for a laser cutting system according to the in-

vention;
Figures 5A and 5B are a view from above and a
section view, respectively, of an assembly of deflec-
tors and photodiodes forming part of the sensor
means of a process control device such as the one
of Figure 4; and
Figures 6 to 11 schematically show each a respec-
tive variant of embodiment of the sensor means
which can be used in the process control device for
a laser cutting system according to the invention.

[0031] With reference first to the schematic illustration
of Figure 4, a laser cutting system according to the in-
vention basically comprises:

- a laser source 10, which may indifferently be of the
CO2 type or of the solid-state type (Nd:YAG, fiber
laser, disc laser, diode laser);

- a laser head which is generally indicated 12 and com-
prises a focussing device 14 for focussing the laser
beam generated by the laser source 10 and a nozzle
16 for supplying an assisting gas (which may indif-
ferently be an inert gas, such as for instance nitrogen,
or a reactive gas, such as for instance oxygen), the
nozzle 16 having an outlet hole preferably of circular
cross-section;

- an optical path (not illustrated, but of per-se-known
type) arranged to transport the laser beam generated
by the laser source 10 to the focussing device 14 of
the laser head 12, wherein the optical path can be
formed either by an assembly of mirrors or by a trans-
port fiber;

- a driving device (not illustrated, but of per-se-known
type) arranged to move the laser head 12 and the
workpiece with respect to each other with an adjust-
able relative speed, as well as to control the pressure
of the assisting gas, to adjust the distance of the
nozzle 16 from the surface of the workpiece and to
adjust the position of the focal point F of the laser
beam relative to the surface of the workpiece being
processed, the driving device being controlled by a
numerical control 18; and

- a process control device arranged to control the laser
source 10 and/or the driving device (through the nu-
merical control 18) so as to adjust at least one of the
following process control parameters: the power of
the laser, the frequency and the duty cycle of the
laser pulse, the pressure of the assisting gas, the
relative speed of the laser head 12 with respect to
the workpiece, the distance between the nozzle 16
and the surface of the workpiece and the distance
between the focal point F of the laser beam and the
surface of the workpiece being processed.

[0032] More specifically, the process control device
comprises sensor means for detecting at least one pre-
determined wavelength band of the radiation emitted by
a given gas present in the volume of material involved
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by the irradiation of the focussed laser beam (hereinafter
indicated, for the sake of easiness, as process volume),
signal processing means for processing the signal de-
tected by the sensor means, and control means for con-
trolling, on the base of the signal received by the signal
processing means, the laser source and/or the driving
device to adjust at least one of the above-mentioned
process control parameters.
[0033] The sensor means comprise a photodiode 20
for detecting, preferably with a dynamic range of at least
one decade, the predetermined wavelength band(s), a
reflector/deflector device 22 arranged to direct onto the
photodiode 20 the radiation emitted by the process vol-
ume and an optical filter device 24 interposed between
the photodiode 20 and the reflector/deflector device 22
to select the predetermined wavelength band(s). The op-
tical filter device 24 may work in transmission or in re-
flection. In this second case, the optical filter device 24
may coincide with the reflector/deflector device 22. The
radiation emitted by the process volume is therefore di-
rected by the reflector/deflector device 22, through the
optical filter device 24, onto the photodiode 20, which
detects the predetermined wavelength band(s). As
shown in Figures 5A and 5B, the sensor means may com-
prise a plurality of photodiodes 20 (in the illustrated ex-
ample, four photodiodes), as well as a corresponding plu-
rality of reflector/deflector devices 22 and optical filter
devices 24, arranged in such a manner that each reflec-
tor/deflector device 22 directs onto a respective photo-
diode 20, through a respective optical filter device 24,
the radiation emitted by the process volume in a given
angular range. The sensor means may be positioned in-
differently above or below the focussing device 14 of the
laser head 12.
[0034] The signal processing means comprise a signal
amplification and filter circuit board 26, which is for in-
stance directly connected to the photodiode 20, and a
signal acquisition circuit board 28 connected to the signal
amplification and filter circuit board 26 to acquire the sig-
nal coming from this latter.
[0035] The control means comprise an electronic con-
trol unit 30 (for instance an industrial PC) on which a
control software is installed which performs a control al-
gorithm described in detail further on. The electronic con-
trol unit 30 is connected on the one hand to the signal
acquisition circuit board 28 and on the other, through a
communication line with input and output interface, both
to the laser source 10 and to the numerical control 18,
so as to be able to control directly the laser source 10 to
adjust the power, the frequency and the duty cycle of the
laser, and indirectly, through the numerical control 18,
the driving device to adjust the remaining process control
parameters mentioned above, namely the relative speed,
the pressure of the assisting gas, the distance of the noz-
zle from the material and the position of the focal point
relative to the material.
[0036] The aforesaid process control parameters are
adjusted on the base of the signal relating to the prede-

termined wavelength band(s) detected by the sensor
means. According to the invention, there is used, as pre-
determined wavelength band, a wavelength band select-
ed in such a manner as to include at least one emission
line of a gas as emitting element present in the process
volume. The emission lines monitored for the purposes
of control of the process are detected with a bandwidth
not wider than 100 nm. Preferably, the gas used as emit-
ting element is oxygen or nitrogen.
[0037] The radiation emitted by the oxygen has emis-
sion lines at the following wavelengths (in nm): 948,845,
823, 795 and 777. The control method according to the
invention provides for monitoring of the last emission line
mentioned above, and therefore for acquiring the signal
at 777 nm, with a pass-band equal to 650 nm. As already
stated in the introductory part of the description, this
wavelength comprises a strong emission by the ionized
oxygen, which can be detected easily even when the
oxygen is only present as contaminant in the process,
and specifically gives the information required to control
the laser cutting, as well as to control the piercing oper-
ation in preparation of cutting. This wavelength is used
according to the invention on the one hand as an infor-
mation about the tendency of the amount of ionized ox-
ygen in the process volume to increase, which tendency
usually anticipates an explosion of the piercing or of the
cut, and on the other as an index of the amount of col-
lected contaminant, and therefore as an index of not-yet-
completed piercing or of a tendency to the closure of the
kerf.
[0038] As far as nitrogen is concerned, the emitted ra-
diation by this gas has emission lines at the following
wavelengths (in nm): 1358, 1246, 939, 870, 860, 745 and
576.
[0039] In order to carry out the laser piercing in prep-
aration of cutting, an example of control algorithm which
can be used by the control means of the laser working
system to adjust the process control parameters provides
for the steps described here below.

a) First of all, the presence of the material in which
to make the hole is checked. For this purpose, a first
laser pulse train is sent onto the material by means
of the laser head and the signal relating to the pre-
determined wavelength band(s) is detected by the
sensor means. If the detected signal is too low with
respect to a predetermined threshold, this informa-
tion is interpreted by the control means as indicating
the absence of the material or as indicating that a
hole has already been made before.

b) Once the presence of the material has been con-
firmed, the laser working process is started with suit-
able values of the process control parameters indi-
cated above. In particular, the laser source is on for
a certain predetermined time interval, at the end of
which the laser source is switched off. Specifically,
if the process takes place in an environment rich in
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oxygen (used as assisting gas), then the time interval
during which the laser source is on varies in the range
from 0,5 to 5 msec (preferably 1 msec). If, on the
contrary, the oxygen is present only as contaminant
gas, then the time interval during which the laser
source is on varies in the range from 0,5 to 100 msec
(preferably 50 msec).

c) After a certain time (relaxation time) from the
switching off of the laser source, the radiation emitted
in the predetermined wavelength band(s) is detected
by the sensor means and its course is monitored. If
the detected signal falls below a given re-ignition
threshold, then step b) is repeated, i.e. the laser
source is switched on again. During the monitoring
of the control signal, the control means can also
measure the time derivative of this signal and use
this derivative as an indication of the robustness of
the adjustment procedure.

[0040] The process ends when the detected signal falls
below a given end-of-process threshold. Preferably, the
end-of-process control is performed in the time interval
during which the laser source is on.
[0041] The values of the re-ignition and of end-of-proc-
ess thresholds depend on the material and on the thick-
ness of the workpiece. Preferably, these values are not
fixed, but are dynamically changed by the control means
in case these latter establish, on the base of the meas-
ured time derivative of the control signal, that the process
is not very robust.
[0042] In order to carry out a laser cutting operation,
an example of control algorithm which can be used by
the control means of the laser working system to adjust
the process control parameters provides for the steps
described here below.

a’) First of all, the process control parameters are
set on those values which are usually chosen de-
pending on the laser source used, as well as on the
material and on the thickness of the workpiece.

b’) The sensor means detect the signal correspond-
ing to the predetermined wavelength band(s) of the
radiation emitted by the process volume. In case at
least one of the monitored signals overcomes a given
threshold, the control means interpret this excess of
emission either as partial closure of the kerf in case
of cutting with an inert gas or as incipient loss of
control of the reactive process in case of cutting with
a reactive gas, and in either case they suitably vary
at least one of the process control parameters indi-
cated above, privileging, if possible, the power of the
laser and the relative speed. In case at least one of
the monitored signals falls below a given threshold,
the control means interpret this reduction of emission
as a too slow process and suitably vary at least one
of the process control parameters indicated above,

privileging, if possible, the power of the laser and the
relative speed.

[0043] Moreover, if the sensor means of the working
system comprise a number of photodiodes arranged so
as to keep a space correlation with that portion of the
process volume which generates the radiation detected
by each of the photodiodes, then preferably the control
means correlate the detected signal with the cutting di-
rection, thereby making it possible to obtain an informa-
tion about the anisotropy of behaviour in all the allowed
cutting directions. Such an information gives a measure
of the offset of the laser beam with respect to the centre
of the nozzle of the laser head, i.e. with respect to the
direction of the outflow of the assisting gas, and allows
therefore to suitably move the centre of mass of the fo-
cussing lens or of the nozzle.
[0044] Naturally, control algorithms different from
those described above can be implemented within the
scope of the present invention, subject to the principle of
adjusting at least one of the process control parameters
mentioned above on the base of the signal relating to the
radiation emitted by the process volume in at least one
predetermined wavelength band, such predetermined
wavelength band including at least one emission line of
a.gas or of another emitting element present in the proc-
ess volume during the laser working.
[0045] With reference to Figures 6 to 11, where com-
ponents identical or corresponding to those of Figures 4
and 5 have been given the same reference numerals,
some possible embodiments of the sensor means which
can be used in the process control device of a laser cut-
ting system according to the invention will be described
now.
[0046] In the embodiment of Figure 6, the laser cutting
system comprises a laser source (not shown) of the solid-
state type (Nd:YAG, fiber laser, disc laser, diode laser),
in which case the optical path comprises a transport fiber
32 and the laser head 12 further comprises a collimation
device 34, which is connected to the final end of the trans-
port fiber 32 and comprises one or more collimation lens-
es. Also in this case, the sensor means (photodiode 20,
reflector/deflector device 22 and optical filter device 24)
can be placed above or below the focussing device 14.
In the first case, the sensor means will be placed between
the focussing device 14 and the collimation device 34,
as shown in Figure 6.
[0047] According to the embodiment of Figure 7, which
also refers to the case of a laser cutting system using a
laser source of the solid-state type, the reflector/deflector
device 22 is formed by a 90-degree deflector, which is
placed between the collimation device 34 and the focuss-
ing device 14 and is configured so as to reflect at least
the 99,9% of the laser radiation and to transmit instead
the radiation in the predetermined wavelength band(s).
In the proposed example, the sensor means further com-
prise a focussing lens 36 arranged between the deflector
22 and the photodiode 20 to focus onto this latter the
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detected signal. Moreover, in the proposed example the
optical filter device 24 is arranged between the deflector
22 and the focussing lens 36 and comprises, in the order
from the deflector 22 to the focussing lens 36, a first op-
tical filter 38 arranged to cut down the laser radiation and
a second optical filter 40 arranged to select the prede-
termined wavelength band(s). The same configuration
of the sensor means can also be obtained with a plurality
of photodiodes, of reflector/deflector devices and of op-
tical filter devices, in which case each reflector/deflector
device will comprise a respective deflector and a respec-
tive focussing lens will be provided between each deflec-
tor and the respective photodiode.
[0048] According to the embodiments of Figures 8 to
11, which also refer to the case of a laser cutting system
using a laser source of the solid-state type, there is pro-
vided, instead of a 90-degree deflector, a branching de-
vice arranged along the optical path and configured so
as to allow the laser beam generated by the laser source
to be fully transported to the laser head through the trans-
port fiber and to the radiation which is emitted by the
process volume and is transported through the transport
fiber to be directed onto the photodiode.
[0049] More specifically, according to the embodiment
of Figure 8, an optical coupling device 42 is provided
along the optical path, by means of which the laser gen-
erated by the laser source is launched in the transport
fiber 32, the optical coupling device 42 comprising a col-
limation lens 44 and a focussing and launching lens 46.
In this case, the branching device is integrated in the
optical coupling device 42 and comprises a beam splitter
48 arranged between the collimation lens 44 and the fo-
cussing and launching lens 46 so as to allow the laser
beam generated by the laser source to pass completely
through the focussing and launching lens 46 and to the
radiation which is emitted by the process volume and is
transported through the transport fiber 32 to be directed
onto the photodiode 20. As in the embodiment of Figure
7, the sensor means further comprise a focussing lens
36 arranged between the beam splitter 48 and the pho-
todiode 20 to focus onto this latter the detected signal.
Moreover, also in this case the optical filter device 24 is
arranged between the beam splitter 48 and the focussing
lens 36 and comprises a first optical filter 38 arranged to
cut down the laser radiation and a second optical filter
40 arranged to select the predetermined wavelength
band(s).
[0050] In the embodiments of Figures 9 to 11, on the
contrary, the branching device comprises a secondary
fiber 50 welded to the transport fiber 32.
[0051] More specifically, according to the embodiment
of Figure 9, in which the optical path comprises an optical
coupling device (not shown) by means of which the laser
generated by the laser source is launched in the transport
fiber, the secondary fiber 50 is welded to the transport
fiber 32 in a point of this latter positioned downstream of
the optical coupling device. Also in this case, the sensor
means comprise in order, in addition to the secondary

fiber 50, a collimation lens 52, an optical filter device 24,
a focussing lens 36 and a photo-diode 20, the optical
filter device 24 comprising in turn a first optical filter 38
arranged to cut down the laser radiation and a second
optical filter 40 arranged to select the predetermined
wavelength band(s).
[0052] According to the embodiment of Figure 10, the
optical coupling device along the optical path is omitted
and the secondary fiber 50 is welded to the transport fiber
32 in the same point as the one at which the transport
fiber is welded to an output fiber 54 of the laser source.
As far as the sensor means are concerned, what has
been stated above with reference to Figure 9 still applies.
[0053] Finally, according to the embodiment of Figure
11, the laser source 10 comprises a plurality of laser mod-
ules 10.1, 10.2, ..., 10.N able to emit a laser beam inde-
pendently of each other, and a corresponding plurality of
output fibers 54.1, 54.2, ..., 54.N extending each from a
respective laser module. The output fibers are connected
on the input side to an optical combiner 56, to which the
transport fiber 32 is connected on the output side. In this
case, the secondary fiber 50 is welded to the optical com-
biner 56. As far as the sensor means are concerned,
what has been stated with reference to Figure 9 still ap-
plies.
[0054] Naturally, the principle of the invention remain-
ing unchanged, the modes for carrying out the control
method and the embodiments of the laser cutting system
may vary widely from those described and illustrated
purely by way of non-limiting example.

Claims

1. Method for controlling a laser cutting process, the
process providing for irradiation of a workpiece (P)
by means of a laser beam which is generated by a
laser source (10) and focussed by a laser head (12),
as well as for supply of a flow of an assistance gas
by means of a nozzle (16) of the laser head (12),
the control method comprising the steps of:

a) detecting the wavelength signal of the radia-
tion emitted by an emitting element present in
the volume of material irradiated by the focussed
laser beam, and
b) adjusting, based on the detected signal, at
least one of the following process control param-
eters: the power of the laser, the frequency and
the duty cycle of the laser pulse, the pressure
of the assistance gas, the relative speed of the
laser head (12) with respect to the workpiece
(P), the distance of the nozzle of the laser head
(12) from the surface (S) of the workpiece (P),
and distance of the focal point (F) of the laser
beam from the surface (S) of the workpiece (P),
characterized in that
step a) is performed by detecting the radiation
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emitted in at least one predetermined wave-
length band which includes the wavelength at
777 nm and has a bandwidth not wider than 100
nm, and in that
the assistance gas or a contaminant gas present
in the volume of material irradiated by the fo-
cussed laser beam is used as emitting element.

2. Method according to claim 1, wherein in order to per-
form a piercing operation in preparation of cutting,
said step b) comprises the following sub-steps:

b1) switching on the laser source (10) for a first
predetermined time interval ranging from 0.5 to
5 msec in case oxygen is used as assistance
gas, and ranging from 0,5 to 100 msec in case
a gas other than oxygen is used as assistance
gas;
b2) switching off the laser source (10) at the end
of said first predetermined time interval; and
b3) waiting until the detected wavelength signal
has become lower than a given threshold, and
only then repeating sub-steps b1) and b2).

3. Method according to claim 1 or claim 2, wherein said
step b) is performed in such a manner that if the
wavelength signal detected at step a) exceeds a giv-
en threshold, this is interpreted as a partial closure
of the kerf in case of cutting with an inert gas or as
the beginning of a loss of control of the reactive proc-
ess in case of cutting with a reactive gas, and at least
one of the aforesaid process control parameters is
varied accordingly, whereas if the wavelength signal
detected at step a) becomes lower than a given
threshold, this is interpreted as meaning that the
process is too slow, and at least one of the aforesaid
process control parameters is varied accordingly.

4. Laser cutting apparatus comprising:

- a laser source (10);
- a laser head (12) comprising a focussing de-
vice (14) for focussing the laser beam generated
by the laser source (10) onto a workpiece (P)
and a nozzle (16) for supplying an assistance
gas;
- an optical path for transporting the laser beam
generated by the laser source (10) to the focuss-
ing device (14) of the laser head (12);
- a driving device for moving the laser head (12)
and the workpiece (P) with respect to each other
with an adjustable speed, as well as for control-
ling the pressure of the assistance gas, for ad-
justing the distance of the nozzle (16) from the
surface (S) of the workpiece (P) and for adjusting
the position of the focal point (F) of the laser
beam with respect to the surface (S) of the work-
piece (P); and characterized by

- a process control device comprising sensor
means adapted to detect at least one predeter-
mined wavelength band of the radiation emitted
by the assistance gas or by a contaminant gas
present in the volume of material irradiated by
the focussed laser beam, signal processing
means for processing the signal detected by
said sensor means, and control means for con-
trolling, on the base of the signal received by
said signal processing means, the laser source
(10) and/or the driving device to adjust at least
one of the following process control parameters:
the power of the laser, the frequency and the
duty cycle of the laser pulse, the pressure of the
assistance gas, the relative speed of the laser
head (12) with respect to the workpiece (P), the
distance of the nozzle of the laser head (12) from
the surface (S) of the workpiece (P), and dis-
tance of the focal point (F) of the laser beam
from the surface (S) of the workpiece (P),

wherein said predetermined wavelength band in-
cludes the wavelength at 777 nm and has a band-
width not wider than 100 nm.

5. Apparatus according to claim 4, wherein said sensor
means comprise a photodiode (20) for detecting said
at least one predetermined wavelength band, a re-
flector/deflector device (22) arranged to direct the
radiation emitted by the volume of material irradiated
by the focussed laser beam on the photodiode (20),
and an optical filter device (24) interposed between
the photodiode (20) and the reflector/deflector de-
vice (22) to select said at least one predetermined
wavelength band.

6. Apparatus according to claim 5, wherein the laser
source (10) is a solid-state laser source, wherein the
optical path comprises a transport fiber (32), wherein
the laser head (12) comprises a collimation device
(34) connected to the final end of the transport fiber
(32), and wherein the reflector/deflector device (22)
is a 90-degree deflector arranged to reflect at least
the 99,9% of the laser radiation and to transmit the
radiation emitted in said at least one predetermined
wavelength band.

7. Apparatus according to claim 6, wherein said sensor
means further comprise a focussing lens (36) ar-
ranged between the reflector/deflector device (22)
and the photodiode (20) to focus onto this latter the
radiation emitted in said at least one predetermined
wavelength band, and wherein the optical filter de-
vice (24) is arranged between the reflector/deflector
device (22) and the focussing lens (36) and compris-
es a first optical filter (38) arranged to cut down the
laser radiation and a second optical filter (40) ar-
ranged to select said at least one predetermined
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wavelength band.

8. Apparatus according to claim 4, wherein the laser
source (10) is a solid-state laser source, wherein the
optical path comprises a transport fiber (32) and
wherein said sensor means comprise a photodiode
(20) for detecting said at least one predetermined
wavelength band, a branching device (48, 50) ar-
ranged along the optical path (32) and configured to
allow the laser beam generated by the laser source
(10) to be totally transported to the laser head (12)
through the transport fiber (32) and the radiation
which is emitted by the laser cutting process and is
transported through the transport fiber (32) to be di-
rected onto the photodiode (20), and an optical filter
device (24) interposed between the photodiode (20)
and the branching device (48, 50) to select said at
least one predetermined wavelength band.

9. Apparatus according to claim 8, wherein the optical
path comprises an optical coupling device (42) com-
prising a collimation lens (44) and a focussing and
launching lens (46), and wherein the branching de-
vice (48, 50) comprises a beam splitter (48) arranged
between the collimation lens (44) and the focussing
and launching lens (46) so as to allow the laser beam
generated by the laser source (10) to pass entirely
through the focussing and launching lens (46) and
the radiation which is emitted by the laser cutting
process and is transported by the transport fiber (32)
to be directed onto the photodiode (20).

10. Apparatus according to claim 8, wherein the optical
path comprises an optical coupling device and
wherein the branching device (48, 50) comprises a
secondary fiber (50) welded to the transport fiber (32)
in a point of this latter which is positioned down-
stream of the optical coupling device.

11. Apparatus according to claim 8, wherein the trans-
port fiber (32) is welded to an output fiber (54) of the
laser source (10) and wherein the branching device
(48, 50) comprises a secondary fiber (50) which is
welded to the transport fiber (32) in the same point
as the one where this latter is welded to the output
fiber (54).

12. Apparatus according to claim 8, wherein the laser
source (10) comprises a plurality of laser modules
(10.1, 10.2, ..., 10.N) able to emit a laser beam in-
dependently of each other and a corresponding plu-
rality of output fibers (54.1, 54.2, ..., 54.N) associated
each to a respective laser module (10.1, 10.2, ...,
10.N), wherein the optical path comprises an optical
combiner (56) to which the output fibers (54.1,
54.2, ..., 54.N) are connected on the input side and
to which the transport fiber (32) is connected on the
output side, and wherein the branching device (48,

50) comprises a secondary fiber (50) welded to the
optical combiner (56).

Patentansprüche

1. Verfahren zur Steuerung eines Laserschneidpro-
zesses, wobei der Prozess für die Bestrahlung eines
Werkstücks (P) mittels eines Laserstrahls, der von
einer Laserquelle (10) erzeugt wird und von einem
Laserkopf (12) fokussiert wird, ebenso wie für die
Zuführung einer Strömung eins Hilfsgases mittels ei-
ner Düse (16) des Laserkopfs (12) sorgt,
wobei das Steuerverfahren die folgenden Schritte
umfasst:

a) Erfassen des Wellenlängensignals der Strah-
lung, die von einem emittierenden Element emit-
tiert wird, das in dem Materialvolumen vorhan-
den ist, welches von dem fokussierten Laser-
strahl bestrahlt wird, und
b) basierend auf dem erfassten Signal Einstel-
len wenigstens eines der folgenden Prozess-
steuerparameter: die Leistung des Lasers, die
Frequenz und das Tastverhältnis des Laserim-
pulses, den Druck des Hilfsgases, die Relativ-
geschwindigkeit des Laserkopfs (12) in Bezug
auf das Werkstück (P), den Abstand der Düse
des Laserkopfs (12) von der Fläche (S) des
Werkstücks (P) und einen Abstand des Brenn-
punkts (F) des Laserstrahls von der Fläche (S)
des Werkstücks (P), dadurch gekennzeich-
net, dass

der Schritt a) durchgeführt wird, indem die Strahlung
erfasst wird, die in wenigstens einem vorgegebenen
Wellenlängenband, das die Wellenlänge von 777 nm
enthält und eine Bandbreite von nicht mehr als 100
nm hat, emittiert wird, und dass
das Hilfsgas oder ein Verunreinigungsgas, das in
dem Materialvolumen vorhanden ist, welches von
dem fokussierten Laserstrahl bestrahlt wird, als
emittierendes Element verwendet wird.

2. Verfahren nach Anspruch 1, wobei der Schritt b) die
folgenden Teilschritte umfasst, um in der Schneid-
vorbereitung einen Durchbohrungsarbeitsgang
durchzuführen:

b1) Einschalten der Laserquelle (10) für ein ers-
tes vorgegebenes Zeitintervall, das von 0,5 bis
5 ms reicht, falls Sauerstoff als Hilfsgas verwen-
det wird, und das von 0,5 bis 100 ms reicht, falls
ein anderes Gas als Sauerstoff als Hilfsgas ver-
wendet wird;
b2) Ausschalten der Laserquelle (10) am Ende
des ersten vorgegebenen Zeitintervalls; und
b3) Warten, bis das erfasste Wellenlängensig-
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nal niedriger als ein gegebener Schwellwert ge-
worden ist, und nur dann Wiederholen der Teil-
schritte b1) bis b2).

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei
der Schritt b) in einer derartigen Weise durchgeführt
wird, dass, wenn das bei Schritt a) erfasste Wellen-
längensignal einen vorgegebenen Schwellwert
übersteigt, dies als ein Teilverschluss des Schnitt-
spalts, falls mit einem trägen Gas geschnitten wird,
oder als beginnender Steuerverlust des Reaktions-
prozesses, falls mit einem reaktiven Gas geschnitten
wird, interpretiert wird, und wobei wenigstens einer
der vorstehend genannten Prozesssteuerparameter
entsprechend variiert wird, während, wenn das bei
Schritt a) erfasste Wellenlängensignal niedriger als
ein gegebener Schwellwert wird, dies als bedeutend,
dass der Prozess zu langsam ist, interpretiert wird,
und wenigstens einer der vorstehend genannten
Steuerparameter entsprechend variiert wird.

4. Laserschneidvorrichtung, die umfasst:

- eine Laserquelle (10);
- einen Laserkopf (12), der eine Fokussiervor-
richtung (14) zum Fokussieren des von der La-
serquelle (10) erzeugten Laserstrahls auf ein
Werkstück (P) und eine Düse (16) zum Zuführen
eines Hilfsgases umfasst;
- einen optischen Weg zum Transportieren des
von der Laserquelle (10) erzeugten Laserstrahls
zu der Fokussiervorrichtung (14) des Laser-
kopfs (12);
- eine Antriebsvorrichtung zum Bewegen des
Laserkopfs (12) und des Werkstücks (P) in Be-
zug aufeinander mit einer einstellbaren Ge-
schwindigkeit ebenso wie zum Steuern des
Drucks des Hilfsgases, zum Einstellen des Ab-
stands der Düse (16) von der Fläche (S) des
Werkstücks (P) und zum Einstellen der Position
des Brennpunkts (F) des Laserstrahls in Bezug
auf die Fläche (S) des Werkstücks (P); und ge-
kennzeichnet durch:
- eine Prozesssteuervorrichtung, die umfasst:
Sensormittel, die geeignet sind, wenigstens ein
vorgegebenes Wellenlängenband der Strah-
lung, die von dem Hilfsgas oder von einem Ver-
unreinigungsgas emittiert wird, welches in dem
Materialvolumen vorhanden ist, das von dem fo-
kussierten Laserstrahl bestrahlt wird, zu erfas-
sen, Signalverarbeitungsmittel zum Verarbeiten
des von den Sensormitteln erfassten Signals
und Steuermittel zum Steuern der Laserquelle
(10) und/oder der Antriebsvorrichtung basie-
rend auf dem von den Signalverarbeitungsmit-
teln empfangenen Signal, um wenigstens einen
der folgenden Prozesssteuerparameter einzu-
stellen: die Leistung des Lasers, die Frequenz

und das Tastverhältnis des Laserimpulses, den
Druck des Hilfsgases, die Relativgeschwindig-
keit des Laserkopfs (12) in Bezug auf das Werk-
stück (P), den Abstand der Düse des Laserkopfs
(12) von der Fläche (S) des Werkstücks (P) und
den Abstand des Brennpunkts (F) des Laser-
strahls von der Fläche (S) des Werkstücks (P),

wobei das vorgegebene Wellenlängenband die Wel-
lenlänge von 777 nm enthält und eine Bandbreite
von nicht mehr als 100 nm hat.

5. Vorrichtung nach Anspruch 4, wobei die Sensormit-
tel umfassen: eine Fotodiode (20) zum Erfassen des
wenigstens einen vorgegebenen Wellenlängen-
bands, eine Reflektor-/Deflektorvorrichtung (22), die
eingerichtet ist, um die von dem Materialvolumen,
das von dem fokussierten Laserstrahl bestrahlt wird,
emittierte Strahlung auf die Fotodiode (20) zu rich-
ten, und eine optische Filtervorrichtung (24), die zwi-
schen die Fotodiode (20) und die Reflektor-/Deflek-
torvorrichtung (22) eingefügt ist, um das wenigstens
eine vorgegebene Wellenlängenband auszuwählen.

6. Vorrichtung nach Anspruch 5, wobei die Laserquelle
(10) eine Festkörperlaserquelle ist, wobei der opti-
sche Weg eine Transportfaser (32) umfasst, wobei
der Laserkopf (12) eine Kollimationsvorrichtung (34)
umfasst, die mit dem Abschlussende der Transport-
faser (32) verbunden ist, und wobei die Reflek-
tor-/Deflektorvorrichtung (22) ein 90-Grad-Deflektor
ist, der eingerichtet ist, um wenigstens 99,9% der
Laserstrahlung zu reflektieren und die in dem we-
nigstens einen vorgegebenen Wellenlängenband
emittierte Strahlung zu transmittieren.

7. Vorrichtung nach Anspruch 6, wobei die Sensormit-
tel ferner eine Fokussierlinse (36), die zwischen der
Reflektor-/Deflektorvorrichtung (22) und der Fotodi-
ode (20) angeordnet ist, umfassen, um die in dem
wenigstens einen vorgegebenen Wellenlängenband
emittierte Strahlung auf diese Letztere zu fokussie-
ren, und wobei die optische Filtervorrichtung (24)
zwischen der Reflektor-/Deflektorvorrichtung (22)
und der Fokussierlinse (36) angeordnet ist und ein
erstes optisches Filter (38), das angeordnet ist, um
die Laserstrahlung zu reduzieren, und ein zweites
optisches Filter (40), das angeordnet ist, um das we-
nigstens eine vorgegebene Wellenlängenband aus-
zuwählen, umfasst.

8. Vorrichtung nach Anspruch 4, wobei die Laserquelle
(10) eine Festkörperlaserquelle ist, wobei der opti-
sche Weg eine Transportfaser (32) umfasst und wo-
bei die Sensormittel umfassen: eine Fotodiode (20)
zum Erfassen des wenigstens einen vorgegebenen
Wellenlängenbands, eine Verzweigungsvorrichtung
(48, 50), die entlang des optischen Wegs (32) ange-
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ordnet ist und konfiguriert ist, um zuzulassen, dass
der von der Laserquelle (10) erzeugte Laserstrahl
durch die Transportfaser (32) vollständig zu dem La-
serkopf (12) transportiert wird, und die Strahlung, die
von dem Laserschneidprozess emittiert und durch
die Transportfaser (32) transportiert wird, auf die Fo-
todiode (20) gerichtet wird, und eine optische Filter-
vorrichtung (24), die zwischen der Fotodiode (20)
und der Verzweigungsvorrichtung (48, 50) eingefügt
ist, um das wenigstens eine vorgegebene Wellen-
längenband auszuwählen.

9. Vorrichtung nach Anspruch 8, wobei der optische
Weg eine optische Kopplungsvorrichtung (42) um-
fasst, die eine Kollimationslinse (44) und eine Fo-
kussier- und Einführungslinse (46) umfasst, und wo-
bei die Verzweigungsvorrichtung (48, 50) einen
Strahlteiler (48) umfasst, der zwischen der Kollima-
tionslinse (44) und der Fokussier- und Einführungs-
linse (46) angeordnet ist, um zuzulassen, dass der
von der Laserquelle (10) erzeugte Laserstrahl die
Fokussier- und Einführungslinse (46) vollständig
passiert, und die Strahlung, die von dem Laser-
schneidprozess emittiert wird und von der Transport-
faser (32) transportiert wird, auf die Fotodiode (20)
gerichtet wird.

10. Vorrichtung nach Anspruch 8, wobei der optische
Weg eine optische Kopplungsvorrichtung umfasst,
und wobei die Verzweigungsvorrichtung (48, 50) ei-
ne Sekundärfaser (50) umfasst, die an die Trans-
portfaser (32) in einem Punkt dieser Letzteren ge-
schweißt ist, der laufabwärtig von der optischen
Kopplungsvorrichtung positioniert ist.

11. Vorrichtung nach Anspruch 8, wobei die Transport-
faser (32) an eine Ausgangsfaser (54) der Laser-
quelle (10) geschweißt ist, und wobei die Verzwei-
gungsvorrichtung (48, 50) eine Sekundärfaser (50)
umfasst, die an die Transportfaser (32) in dem glei-
chen Punkt geschweißt ist, wie der, wo die Letztere
an die Ausgangsfaser (54) geschweißt ist.

12. Vorrichtung nach Anspruch 8, wobei die Laserquelle
(10) eine Vielzahl von Lasermodulen (10.1, 10.2, ...,
10.N), die fähig sind, unabhängig voneinander einen
Laserstrahl zu emittieren, und eine entsprechende
Vielzahl von Ausgangsfasern (54.1, 54.2, ..., 54.N),
die jeweils zu einem jeweiligen Lasermodul (10.1,
10.2, ..., 10.N) gehören, umfasst, wobei der optische
Weg einen optischen Kombinator (56) umfasst, mit
dem die Ausgangsfasern (54.1, 54.2, ..., 54.N) auf
der Eingangsseite verbunden sind und mit dem die
Transportfaser (32) auf der Ausgangsseite verbun-
den ist, und wobei die Verzweigungsvorrichtung (48,
50) eine Sekundärfaser (50) umfasst, die an den op-
tischen Kombinator (56) geschweißt ist.

Revendications

1. Procédé pour commander un procédé de coupe par
laser, le procédé permettant l’irradiation d’une pièce
à usiner (P) au moyen d’un faisceau laser qui est
généré par une source laser (10) et concentré par
une tête laser (12), ainsi que l’alimentation en un
écoulement d’un gaz d’assistance au moyen d’une
buse (16) de la tête laser (12),
le procédé de commande comprenant les étapes
de :

a) la détection du signal de longueur d’onde du
rayonnement émis par un élément émetteur pré-
sent dans le volume de matériau irradié par le
faisceau laser concentré, et
b) l’ajustement, en fonction du signal détecté,
d’au moins un des paramètres de commande
de procédé suivants : la puissance du laser, la
fréquence et le cycle de service de l’impulsion
laser, la pression du gaz d’assistance, la vitesse
relative de la tête laser (12) par rapport à la pièce
à usiner (P), la distance de la buse de la tête
laser (12) à partir de la surface (S) de la pièce
à usiner (P), et la distance du foyer (F) du fais-
ceau laser à partir de la surface (S) de la pièce
à usiner (P), caractérisé en ce que

l’étape a) est réalisée en détectant le rayonnement
émis dans au moins une bande de longueur d’onde
prédéterminée qui inclut la longueur d’onde à 777
nm et possède une largeur de bande non supérieure
à 100 nm, et en ce que
le gaz d’assistance ou un gaz contaminant présent
dans le volume de matériau irradié par le faisceau
laser concentré est utilisé en tant qu’élément émet-
teur.

2. Procédé selon la revendication 1, dans lequel, afin
de réaliser une opération de perçage en préparation
de la coupe, ladite étape b) comprend les sous-éta-
pes suivantes :

b1) l’allumage de la source laser (10) pendant
un premier intervalle temporel prédéterminé va-
riant de 0,5 à 5 msec au cas où de l’oxygène est
utilisé en tant que gaz d’assistance, et variant
de 0,5 à 100 msec au cas où un gaz autre que
de l’oxygène est utilisé en tant que gaz
d’assistance ;
b2) l’arrêt de la source laser (10) à la fin dudit
premier intervalle temporel prédéterminé ; et
b3) l’attente jusqu’à ce que le signal détecté de
longueur d’onde soit devenu inférieur à un seuil
donné, et alors seulement la répétition des sous-
étapes b1) et b2).

3. Procédé selon la revendication 1 ou la revendication
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2, dans lequel ladite étape b) est réalisée de manière
telle que, si le signal de longueur d’onde détecté à
l’étape a) dépasse un seuil donné, ceci soit interprété
comme étant la fermeture partielle de l’entaille en
cas de coupe avec un gaz inerte ou comme étant le
début d’une perte de commande du procédé réactif
en cas de coupe avec un gaz réactif, et au moins
l’un des paramètres de commande de procédé sus-
dits est varié en conséquence, alors que si le signal
de longueur d’onde détecté à étape a) devient infé-
rieur à un seuil donné, ceci est interprété comme
signifiant que le procédé est trop lent, et au moins
l’un des paramètres de commande de procédé sus-
dits est varié en conséquence.

4. Appareil de coupe par laser, comprenant :

- une source laser (10) ;
- une tête laser (12) comprenant un dispositif
concentrateur (14) pour concentrer le faisceau
laser généré par la source laser (10) sur une
pièce à usiner (P) et une buse (16) pour fournir
un gaz d’assistance ;
- un trajet optique pour transporter le faisceau
laser généré par la source laser (10) jusqu’au
dispositif concentrateur (14) de la tête laser
(12) ;
- un dispositif d’entraînement pour déplacer la
tête laser (12) et la pièce à usiner (P) l’une par
rapport à l’autre avec une vitesse ajustable, ainsi
que pour commander la pression du gaz d’as-
sistance, pour ajuster la distance de la buse (16)
à partir de la surface (S) de la pièce à usiner (P)
et pour ajuster la position du foyer (F) du fais-
ceau laser par rapport à la surface (S) de la pièce
à usiner (P) ; et caractérisé par
- un dispositif de commande de procédé com-
prenant des moyens capteurs adaptés pour dé-
tecter au moins une bande de longueur d’onde
prédéterminée du rayonnement émis par le gaz
d’assistance ou par un gaz contaminant présent
dans le volume de matériau irradié par le fais-
ceau laser concentré, des moyens de traitement
de signal pour traiter le signal détecté par lesdits
moyens capteurs, et des moyens de commande
pour commander, en fonction du signal reçu par
lesdits moyens de traitement de signal, la source
laser (10) et/ou le dispositif d’entraînement pour
ajuster au moins l’un des paramètres de com-
mande de procédé suivants : la puissance du
laser, la fréquence et le cycle de service de l’im-
pulsion laser, la pression du gaz d’assistance,
la vitesse relative de la tête laser (12) par rapport
à la pièce à usiner (P), la distance de la buse de
la tête laser (12) à partir de la surface (S) de la
pièce à usiner (P), et la distance du foyer (F) du
faisceau laser à partir de la surface (S) de la
pièce à usiner (P),

dans lequel ladite bande de longueur d’onde prédé-
terminée inclut la longueur d’onde à 777 nm et pos-
sède une largeur de bande non supérieure à 100 nm.

5. Appareil selon la revendication 4, dans lequel lesdits
moyens capteurs comprennent une photodiode (20)
pour détecter ladite au moins une bande de longueur
d’onde prédéterminée, un dispositif réflecteur/dé-
flecteur (22) agencé pour diriger le rayonnement
émis par le volume de matériau irradié par le faisceau
laser concentré sur la photodiode (20), et un dispo-
sitif à filtre optique (24) interposé entre la photodiode
(20) et le dispositif réflecteur/déflecteur (22) pour sé-
lectionner ladite au moins une bande de longueur
d’onde prédéterminée.

6. Appareil selon la revendication 5, dans lequel la
source laser (10) est une source laser à semi-con-
ducteur, dans lequel le trajet optique comprend une
fibre de transport (32), dans lequel la tête laser (12)
comprend un dispositif de collimation (34) connecté
à l’extrémité finale de la fibre de transport (32), et
dans lequel le dispositif réflecteur/déflecteur (22) est
un déflecteur à 90 degrés agencé pour réfléchir au
moins 99,9% du rayonnement laser et pour trans-
mettre le rayonnement émis dans ladite au moins
une bande de longueur d’onde prédéterminée.

7. Appareil selon la revendication 6, dans lequel lesdits
moyens capteurs comprennent en outre une lentille
de concentration (36) agencée entre le dispositif ré-
flecteur/déflecteur (22) et la photodiode (20) pour
concentrer sur cette dernière le rayonnement émis
dans ladite au moins une bande de longueur d’onde
prédéterminée, et dans lequel le dispositif à filtre op-
tique (24) est agencé entre le dispositif réflecteur/dé-
flecteur (22) et la lentille de concentration (36) et
comprend un premier filtre optique (38) agencé pour
découper le rayonnement laser et un second filtre
optique (40) agencé pour sélectionner ladite au
moins une bande de longueur d’onde prédétermi-
née.

8. Appareil selon la revendication 4, dans lequel la
source laser (10) est une source laser à semi-con-
ducteur, dans lequel le trajet optique comprend une
fibre de transport (32) et dans lequel lesdits moyens
capteurs comprennent une photodiode (20) pour dé-
tecter ladite au moins une bande de longueur d’onde
prédéterminée, un dispositif d’embranchement (48,
50) étant agencé le long du trajet optique (32) et
configuré pour permettre au faisceau laser généré
par la source laser (10) d’être totalement transporté
jusqu’à la tête laser (12) par l’intermédiaire de la fibre
de transport (32) et au rayonnement qui est émis par
le procédé de coupe par laser et est transporté par
l’intermédiaire de la fibre de transport (32) d’être di-
rigé sur la photodiode (20), et un dispositif à filtre
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optique (24) interposé entre la photodiode (20) et le
dispositif d’embranchement (48, 50) pour sélection-
ner ladite au moins une bande de longueur d’onde
prédéterminée.

9. Appareil selon la revendication 8, dans lequel le tra-
jet optique comprend un dispositif de couplage op-
tique (42) comprenant une lentille de collimation (44)
et une lentille de concentration et de lancement (46),
et dans lequel le dispositif d’embranchement (48,
50) comprend un séparateur de faisceau (48) agen-
cé entre la lentille de collimation (44) et la lentille de
concentration et de lancement (46) afin de permettre
au faisceau laser généré par la source laser (10) de
passer entièrement à travers la lentille de concen-
tration et de lancement (46) et au rayonnement qui
est émis par le procédé de coupe par laser et est
transporté par la fibre de transport (32) d’être dirigé
sur la photodiode (20).

10. Appareil selon la revendication 8, dans lequel le tra-
jet optique comprend un dispositif de couplage op-
tique et dans lequel le dispositif d’embranchement
(48, 50) comprend une fibre secondaire (50) soudée
à la fibre de transport (32) dans un point de cette
dernière qui est positionné en aval du dispositif de
couplage optique.

11. Appareil selon la revendication 8, dans lequel la fibre
de transport (32) est soudée à une fibre de sortie
(54) de la source laser (10) et dans lequel le dispositif
d’embranchement (48, 50) comprend une fibre se-
condaire (50) qui est soudée à la fibre de transport
(32) dans le même point que celui où cette dernière
est soudée à la fibre de sortie (54).

12. Appareil selon la revendication 8, dans lequel la
source laser (10) comprend une pluralité de modules
laser (10.1, 10.2, ..., 10.N) capables d’émettre un
faisceau laser indépendamment les uns des autres
et une pluralité correspondante de fibres de sortie
(54.1, 54.2, ..., 54.N) associées chacune à un mo-
dule laser respectif (10.1, 10.2, ..., 10.N), dans lequel
le trajet optique comprend un combinateur optique
(56) auquel les fibres de sortie (54.1, 54.2, ..., 54.N)
sont connectées sur le côté entrée et auquel la fibre
de transport (32) est connectée sur le côté sortie, et
dans lequel le dispositif d’embranchement (48, 50)
comprend une fibre secondaire (50) soudée au com-
binateur optique (56).
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