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The present invention relates in general to a tool
machine to be used for the laser cutting of metal and
non-metal materials.

More particularly, the invention relates to a flatbed
tool machine for the laser cutting of materials having
an innovative technological structure.

The invention is extended to cover the application of
the laser generator on the tool machine, the
automatized guide system of the laser head, as well as
the protection and guide system of the laser beam on
the machine.

Laser cutting, and above all, the type used for cutting
very thick materials, is always performed using carbon
dioxide (CO,) gaseous laser sources, in other words Nd-
Yag gaseous laser sources (Neodymium-Yttrium-
Aluminium) .

It is known that CO, laser sources are able to provide
an extremely powerful high quality beam for cutting
sheet metal and metal plate; in addition various types
of cutting machine tools are wused for practical
applications, using lens and/or mirror systems for high

precision beam focus.
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On the other hand, NAd-YAG lasers are normally used for
material surface marking because of the high quality of
the beam at low power.

Recent developments relating to this type of laser have
led to the discovery that Nd-YAG lasers are also able
to provide good beam quality, comparable to CO; lasers,
even at power output 1levels over 100W; consequently
this has made it possible to use Nd-YAG lasers for
material cutting, with results that are comparable to
those obtained with CO, lasers.

However, in this case as well, there are considerable
transmission losses, low beam quality and basic
instability in the emitted power.

The aim of the present invention therefore, is to
resolve the problems described above, and in
particular, to create a tool machine to laser cut
materials, able to provide laser beams of very high
quality, without the problems related to cooling and
thermal lenses.

Another aim of the present invention is to provide a
flatbed tool machine to laser cut materials that
permits the construction of an extremely reliable
pumping architecture with very high power stability and

concentration, which will result in a considerable
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reduction 1in piercing times and greatly increased
cutting speed.

A further aim of the invention is to provide a tool
machine to 1laser cut materials, which 1is able to
eliminate the use of lasering gas, as well as the lens
units and mirror units wused on traditional type
machines.

By no means the last aim of the present invention is to
provide a tool machine to laser cut materials, which is
extremely reliable and efficient from a practical point
of view, which has a long work life, and which has very
reasonable running <costs compared to prior art
equipment.

These and other aims, according to the present
invention, are achieved by a tool machine to laser cut
materials according to the appended claim 1; the other
subordinate claims include other technical
characteristics describing details of the invention.
Advantageously, the tool machine according to the
invention is equipped with a laser source having a new
concept, with a completely innovative “fiberlaser”
architecture, thus providing excellent 1laser beam
quality results and very powerful emission levels

(practically unlimited) .
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The system provides a valid alternative to CO, or Nd-
YAG type lasers for application in the field of metal
cutting, whether in sheet, plate, or pipe form.

An optical fibre source is created using an active
means wherein optical radiation is generated, a pumping
source able to excite the doped ions (or the gas
molecules in the case of carbon dioxide or CO,) and two
mirrors to create the resonant cavity.

In particular, the aspect that distinguishes a fibre
laser source from a solid-state source (such as Nd-YAG
for example) is the presence of:

- ‘an optical fibre which replaces the crystal bar,

- various “single” pump diodes to replace the common
bars, and

- Bragg gratings, once again in optical fibre, to
replace the mirrors.

By analysing the optical fibre laser (“fiberlaser”) in
more detail, it can be seen that, in spite of their
individual simplicity, each of the aforesaid base
elements provides the source with wunique functional
characteristics.

In fact, first of all, thanks to a very reduced doped
nucleus (of only 5 microns) the active fibre provides

laser beams of extremely high quality in a very
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efficient manner without any cooling or thermal lens
problems.

Furthermore, the use of single pumping diodes that
replace the bars of prior art, provide a pumping
architecture that is extremely reliable. (In reference
to “fiberlasers” MTBF levels over 30,000 working hours
are commonplace, in other words, levels are far higher
than those obtained using solid-state laser sources).
Lastly, thanks to the intrinsic syntonizing quality and
reduced insertion 1loss, the optical fibre Bragg
gratings provide resonant cavities that have high
precision syntonization with the emitted wave length of
the source, as well as very high emitted power
stability levels.

Further characteristics and advantages of the present
invention will be made more apparent from the following
description of an embodiment, provided as a preferred
example, but in no way limiting, of a tool machine for
laser cutting of materials, according to the invention
and the appended drawings, wherein:

- figure 1 shows a front view in perspective of the
flat-bed tool machine for 1laser cutting of materials,

according to the invention;
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- figure 2 shows a rear view in perspective of the
flat-bed tool machine for laser cutting of materials,
according to the invention;

- figure 3 shows a front view of the flat-bed tool
machine for laser cutting of materials, according to
the invention;

- figure 4 shows a partial and enlarged plane view
seenvfrom above, of the flat-bed tool machine for laser
cutting of materials, according to the invention;

- figure 5 shows a tentative outline for the
application of an automatic laser cutting head height
control system, used on the flat-bed tool machine

according to the present invention;

Figure 6 shows a plane view from above of a fibre
protection and guide system that moves the laser beam
on the flatbed tool machine according to the invention.
In reference to the aforesaid figures, the flat-bed
tool machine for laser cutting of materials, according
to the present invention is constructed with external
protection and shielding that guarantee complete
isolation of the machining area during the work cycle,
and that is mainly composed of a support table for the
materials 10 including the optional supply of a pallet

change system, a main cutting unit 11, an integrated
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control panel 12 and a laser cutting head 13, connected
to a cooling unit, as is the laser generator.

In particular the machine is designed and constructed
with a fixed modular central guide system, to guarantee
high structure resistance strength and maximum rigidity
at high speed and during acceleration; this ensures
rapid simultaneous positioning speed on the three axes
X, Y, Z on table 14, or the pipe support chuck, for an
extremely vast operating capacity.

Furthermore, the machine can be preferably flatbed type
for machining sheet metal; in other words, it can be
used on 4-5 axes for pipe machining.

The system is able to provide high repeatability
precision and circular/linear interpolation on 3 or 5
axes.

In addition, the machine includes a remote controlled
control panel 12, controlled from a personal computer
integrated on the machine; the control panel 12 is
equipped with a colour display 15 and an integrated PLC
for the execution of auxiliary functions.

The cutting head 13 is equipped with an automatic
height control system and an anti-collision control
system for constant machining precision, this

protecting the cutting unit; the aforesaid cutting head
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13 is also equipped with a system for high pressure
and/or compressed air gas feed to the laser generator.
The innovative constructive technology and performance
achieved by the tool machine according to the invention
comprise an exclusive innovation in the laser cutting
sector; in fact, the tool machine, object of the
present invention, wuses a fibre laser generator
(“fiberlaser”) and also comprises a particular
numerically controlled movement technique for the laser
cutting head 13.

In special reference to the appended figure 5, the
optical fibre source is created using an optical fibre
20 as the active means, which generates the optical
radiation, various single quartz pumping diodes 21 able
to excite the doped ions, and Bragg lens or gratings
22, in optical fibre to create the resonant cavities.
Thanks to a doped nucleus of only 5 micron, the active
fibre 20 is able to provide laser beams 23 of extremely
high quality without any cooling problems; furthermore,
the use of single pumping diodes 21 provide the
possibility of long work 1life and extremely reliable
pumping architecture.

Lastly, the optical fibre Bragg gratings 22 provide

resonant cavities syntonized with great precision on
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the emitted source wave length, as well as extremely
stable emitted power.

As previously stated, this cutting method can be
applied to sheet metal and metal plate such as steel,
steel alloys, stainless steel, copper and copper
alloys, aluminium and aluminium alloys, to cut
thicknesses between 0.1 mm and 100 mm, in all shapes
and sizes currently on the market; in addition, the
same technology can be used on these materials for
slot-cutting, drilling, pipe section and intersection
(square, round, oval, rectangular), with thickness
between 0.1 mm and 40 mm, and/or sections within a
circle with a maximum diameter of approximately 920 mm
and with a current market length of approximately
12,000 mm.

The use of fibre laser generators on cutting machines
according to the invention, provides an obvious range
of advantages, the first being the fact that, Dbecause
the generator is constructed from modular units 1in
solid state, this means the use of lasering gas can be
eliminated completely, together with the relative
piping and turbine for gas compression.

Furthermore, the fact that the laser beam travels
inside the optical fibres, this permits the elimination

of the optical bench laser beam transport , as well as
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the relative lens units and mirror units used in prior
art systems.

Lastly, the cutting head 13 can be equipped with a
single lens, with the addition of a protective shield
and filter; this simple and efficient concept is able
to guarantee long work life.

The use of fibre laser generators also provides very
high beam density, since the beam power can be
concentrated on a surface that varies between 0.05 mm
and 0.1 mm; as a result, the piercing time is reduced

to a minimum and cutting speed is increased

considerably.
Considering the reduced energy consumption, spare
parts, and technical gas required for cutting

operations, the use of fibre laser generators lowers
management and running costs to a great extent when
compared to prior art cutting systems.

As was stated previously, the numerical control tool
machine (CNC) for laser cutting according to the
invention, also includes an automatic capacitative type
guide system, with automatic height control of the
fibre 20 laser cutting head 13; in fact the optical
fibre 20 generated laser represents the actual cutting
unit, in other words, the actual tool that performs the

cutting of the material using the laser generator,

10
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while the automatic control system, illustrated in
figure 5, maintains the focal point on the sheet metal
and/or pipe 25 at a constant distance B by means of a
capacitive sensor 24.

This application is completely innovative and is very
important when cutting sheet metal and pipes wusing
fibre lasers.

A further excellent technical characteristic of said
tool machine according to the present invention is

provided by a fibre 20 guide and protection system

"which moves the laser beam 23 on the machine.

The fibre 20 that transports the optical fibre laser is
inserted inside a plastic protective sheath 16, and in
turn inserted into a chain 17 of flexible tubing 18
with controlled curve radius, as can be seen in figures
1, 2, 4, and 6; the plastic protection 16 is fixed at
the beginning and the end of the chain 17, paying close
attention to the fibre 20, which is compelled to flow
through the interior of the protection 16 (as shown in
detail in figure 6). The flow-through system described
which provides for controlling the motion of the fibre
20 and its 1level of wear, therefore permits the
transport of the optical fibre 20 generated laser power

in a reliable mannexr at industrial level for

11
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application in sheet metal and pipe 25 cutting, as
described previously.

The descriptions above have clearly illustrated the
characteristics of the tool machine for laser cutting
of materials, object of the present invention, as they
have also illustrated the obvious advantages.

Naturally numerous variants can be applied to the tool
machine in question, while remaining within the context
of the innovative concept of the invention, and
obviously, in the practical embodiment of the
invention, all materials, shapes and sizes of the
details described can be of any type according to

necessity and can be replaced with others which are

technically equivalent.

12
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CLAIMS

1. A tool machine for laser cutting of materials (25),
comprising at least a main cutting unit (11), a control
panel (12) integrated on the machine, remote controlled
and managed by a PC, and at least a laser cutting head
(13) inserted in the cutting unit (11) of the machine,
being moveable on a work table (14) or on a pipe
support chuck, by means of a numerical control system,
characterised in that said laser cutting head (13) is
connected to at least an optical fibre (20) laser
generator.

2. Tool machine according to claim 1, characterised in
that it comprises at least an external protection and
shielding, conceived to guarantee the isolation of the
work area during the work operation, and at least one
support table (10) for the materials to be cut.

3. Tool machine according to claim 1, characterised in
that said laser cutting head (13) and said 1laser
generator are connected to at least a cooling unit.

4. Tool machine according to claim 1, characterised in
that said laser cutting head (13) is included within a
modular travel system with a central fixed guide, able
to ensure rapid simultaneous positioning speed on said

work table (14).

13
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5. Tool machine according to claim 1, characterised in
that said control panel (12) is equipped with at least
one display (15) and at least one integrated PLC system
to execute auxiliary functions.

6. Tool machine according to claim 1, characterised in
that it uses at least one optical fibre (20) source as
an active means, in which the optical radiation 1is
generated, a plurality of single pumping elements (21)
and at least two Bragg gratings (22) in optical fibre,
to create the resonant cavity, in order to obtain laser
beams (23) of extremely high quality, with stable
power, reliable and with a long work life.

7. Tool machine according to claim 1, characterised in
that, in particular, it is destined for use in cutting
sheet metal and metal plate, as well as to cut slots,
drill holes, sections and intersections of metal
piping.

8. Tool machine according to claim 1, characterised in
that said laser cutting head (13) is moved by means of
a capacitati&e type, automatic guide system, with
automatic height control, which by means of a
capacitative sensor (24) maintains the focal point (B)

at a constant distance from the material to be cut

(25) .

14
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9. Tool machine according to claim 1, characterised in
that said optical fibre (20) which moves the laser beam
(23) on the machine, is inserted inside at least one
protective sheath (16) and in turn inserted inside at
least one chain (17) of flexible tubing (18) having
controlled curve radius, wherein said sheath (16) 1is
fixed to said chain (17) and that said optical fibre
(20) is compelled to flow through the inside of said
protective sheath (16).

10. Tool machine for laser cutting of materials (25) as
substantially described and illustrated in the appended

drawings and conceived for the aims as specified.

15
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