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Machine for laser working of tubes and profiled sections with a scanning system for scan­

ning the tube or profiled section to be worked 

The present invention relates in general to a laser working machine for laser working of 

5 tubes and profiled sections, in particular a machine for laser cutting of tubes and profiled 

sections, provided with a scanning system for scanning the outline of the cross-section of 

the tube or profiled section to be worked. 

In the following description and claims, the terms "tube" and "profiled section" are to be 

10 intended as referring to any elongated workpiece having a cross-section which is uniform 

(except for the manufacturing tolerances) along the longitudinal axis of the workpiece and 

may have any shape, either closed (for example circular, rectangular or square) or open 

(for example L-, C-, U-shape etc.). Moreover, the terms "longitudinal" and "transverse" are 

respectively used to identify the direction of the longitudinal axis of the tube or profiled 

15 section and a direction perpendicular to the longitudinal direction. 

It is known to use scanning systems on machines for laser working of tubes and profiled 

sections in order to detect the geometry of the cross-section of the tube or profiled section 

to be worked. More specifically, stereoscopic laser scanning systems are known, which 

2 0 comprise a pair of laser scanning modules, also known with the acronym LSM, each of 

which comprises a laser emitter arranged to emit a light blade on the tube or profiled sec­

tion to be worked, a camera arranged to acquire an image of the portion of the tube or pro­

filed section to be worked that is illuminated by the light blade emitted by the respective 

laser emitter, and a processing unit arranged to process the images acquired by each cam-

25 era to reconstruct the whole outline, or at least a portion thereof, of the cross-section of the 

tube or profiled section to be worked. By using such laser scanning systems it is possible to 

detect in real time the actual outline of the cross-section of the tube or profiled section to 

be worked, which actual outline may, depending on the manufacturing tolerances, differ 

more or less significantly from the nominal one. It is thus possible, for example, to centre 

30 the working to be carried out with reference to the actual outline of the cross-section of the 

tube or profiled section. 
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In the currently known solutions the laser scanning modules are mounted in a fixed posi­

tion on the base of the machine and therefore progressively scan the tube or profiled sec­

tion to be worked while the latter is being moved forward along the feed direction (coin­

ciding with the longitudinal direction of the tube or profiled section). With such a way of 

5 mounting of the laser scanning modules, however, the cross-section of the tube or profiled 

section to be worked which is scanned is usually different from the one where the working 

is to be carried out. This may obviously result in errors in case the geometry of the cross-

section where the working is to be carried out is different (due to the dimensional and/or 

geometric tolerances with which the tube or profiled section has been manufactured) from 

10 the one of the cross-section whose outline has been reconstructed by means of the scanning 

system. Furthermore, the known scanning systems are typically adapted to detect the ge­

ometry of tubes and profiled sections having a cross-section with predetermined shape and 

size. 

15 It is an object of the present invention to provide a laser working machine for laser work­

ing of tubes and profiled sections provided with a scanning system which is able to detect 

the geometry of tubes and profiled sections having cross-sections with different shapes and 

sizes and which is more precise than the prior art discussed above. 

2 0 This and other objects are fully achieved according to the present invention by a machine 

for laser working of tubes and profiled sections having the characteristics set forth in the 

enclosed independent claim 1. 

Advantageous embodiments of the invention are defined in the dependent claims, the sub-

2 5 ject-matter of which is to be intended as forming an integral and integrating part of the fol­

lowing description. 

In short, the invention is based on the idea of providing a machine for laser working of 

tubes and profiled sections comprising a working head arranged to carry out a working on 

30 a tube or profiled section by means of a focussed laser beam, a carriage on which the work­

ing head is mounted and a scanning system arranged to detect the geometry of at least a 

portion of the outline of the cross-section of the tube or profiled section to be worked, 
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wherein the carriage is able to translate relative to the tube or profiled section to be worked 

both in a longitudinal direction and in a transverse direction, wherein the scanning system 

comprises at least one laser scanning module including a laser emitter arranged to emit a 

light blade to illuminate a portion of the tube or profiled section to be worked, a camera ar-

5 ranged to acquire an image of the portion of tube or profiled section illuminated by the 

light blade, and a processing unit configured to process the images acquired by each cam­

era to reconstruct the geometry of the whole outline, or at least a portion thereof, of the 

cross-section of the tube or profiled section to be worked, and wherein the working head 

and the at least one laser scanning module are mounted on the carriage so as to be driv-

10 ingly connected for translation therewith both in the longitudinal direction and in the trans­

verse direction. 

Since it is mounted so as to be drivingly connected for translation, both in the longitudinal 

direction and in the transverse direction, with the carriage on which the working head is 

mounted, the at least one laser scanning module acquires the image of the outline (or at 

least of a portion thereof) of a cross-section of the tube or profiled section to be worked 

which is always in the same position with respect to a reference plane of the working head, 

for example with respect to a transverse vertical plane passing through the optical axis of 

the focussed laser beam emitted by the working head. Naturally, this ensures higher preci­

sion than the prior art. Moreover, by virtue of the at least one laser scanning module being 

drivingly connected for translation in the transverse direction with the carriage on which 

the working head is mounted, the scanning system of the machine according to the inven­

tion is able to scan tubes or profiled sections having cross-sections with different shapes 

and/or sizes. 

Preferably, the laser scanning system comprises two or more laser scanning modules. 

Preferably, the laser scanning modules are arranged in such a manner that the light blades 

generated by the laser emitters lie in a same plane. This plane is preferably a transverse 

3 0 vertical plane, i.e. a plane perpendicular to the longitudinal axis of the tube or profiled sec­

tion to be worked. 

15 
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Preferably, the machine is a machine for laser cutting of tubes or profiled sections. 

According to an embodiment, the laser emitters of the laser scanning modules are arranged 

to emit light blades having the same wavelength. In this case, the images are acquired by 

5 the cameras of the laser scanning modules at different times, in order to avoid undesired ef­

fects of overlapping of the light blades, particularly in case of tubes or profiled sections 

with small-sized cross-sections, which effects might adversely affect the quality of the ac­

quired image. Alternatively, the laser emitters of the laser scanning modules are arranged 

to emit light blades having different wavelengths, so as to allow the cameras to acquire si-

10 multaneously images of the tube or profiled section to be worked. 

Preferably, the laser emitter and the camera of each laser scanning module are mounted in 

such a manner that the optical axis of the laser emitter lies in a vertical plane and is in­

clined by a given angle to the horizontal, while the optical axis of the camera is located in 

15 the same plane as the optical axis of the laser emitter and is inclined by a given angle to the 

latter. 

Further characteristics and advantages of the present invention will result from the follow­

ing detailed description, given purely by way of non-limiting example with reference to the 

2 0 appended drawings, where: 

Figure 1 is a perspective view partially showing a laser working machine for laser 

working of tubes or profiled sections provided with a scanning system according to an em­

bodiment of the present invention; 

Figure 2 is a front elevation view of the machine of Figure 1; 

2 5 Figure 3 is a side elevation view of the machine of Figure 1; and 

Figures 4 and 5 are a perspective view and a front view, respectively, schematically 

showing the arrangement of the laser scanning modules with respect to the tube or profiled 

section to be worked in the machine of Figure 1. 

3 0 The machine for laser working of tubes and profiled sections according to the present in­

vention is described and illustrated herein with reference to its application to the working 

of tubes, but it is of course equally well applicable to the working of profiled sections. The 
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tubes or profiled sections the machine is able to work may have cross-sections with differ­

ent shapes and sizes. 

With reference to the drawings, a machine for laser working of tubes according to an em-

5 bodiment of the present invention comprises, in per-se-known manner, a base generally in­

dicated 10, a working head 12 arranged to carry out a laser working (such as for example a 

cutting working) on a tube T, a feeding device 14 arranged to cause the tube T to move 

forward along a longitudinal direction x (coinciding with the direction of the longitudinal 

axis of the tube T), a guide device 16 arranged to guide the tube T while the latter is being 

10 moved forward by the feeding device 14 and a scanning system arranged to scan at least a 

portion (for example an upper portion) of the outline of the cross-section of the tube T. 

The working head 12 comprises, in per-se-known manner, a focussing device 18 arranged 

to emit a focussed laser beam onto the surface of the tube T. The scanning system com-

15 prises two laser scanning modules 20 (or, more generally, at least one laser scanning mod­

ule), each of which comprises in turn a laser emitter 22 arranged to emit a light blade L to 

illuminate a portion of the tube T to be worked and a camera 24 arranged to acquire an im­

age of the portion of tube T to be worked illuminated by the light blade L emitted by the 

laser emitter 22. Although in the illustrated embodiment the laser scanning system com-

2 0 prises two laser scanning modules 20, it might also comprise more than two modules. 

The working head 12 is carried by a head-carrying structure 26. The head-carrying struc­

ture 26, and therefore also the working head 12, is mounted on a carriage 28 so as to be 

able to translate in the vertical direction (direction z). The carriage 28 is mounted in turn so 

25 as to be able to translate in a transverse direction (direction y) with respect to the base 10 

of the machine. Although in the illustrated embodiment the transverse direction y is a hori­

zontal direction, it might even be a direction inclined by a given angle to the horizontal 

(and obviously also lying in a plane perpendicular to the longitudinal axis of the tube T). 

The working head 12 is therefore movable in the transverse vertical plane, i.e. in a plane 

3 0 perpendicular to the longitudinal axis x of the tube T, with two degrees of freedom, namely 

with a translational degree of freedom in the vertical direction z and with a translational 

degree of freedom in the transverse direction y. Moreover, as it is provided for in the illus­
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trated embodiment, the working head 12 may be mounted on the head-carrying structure 

26 so as to be able to tilt about a tilting axis t oriented transversely (or, according to an­

other embodiment, not shown, about two tilting axes perpendicular to each other). 

5 The feeding device 14 is preferably arranged to control not only the translation of the tube 

T along the direction of the longitudinal axis x (forward movement), but also the rotation 

of the tube T about the longitudinal axis x. In case of a machine for laser cutting of tubes, it 

is possible to cut the wall of the tube T along any desired cutting line by properly control­

ling the degrees of freedom of the movement of the working head 10 (translation along the 

10 vertical direction z, translation along the transverse direction y, rotation about the tilting 

axis t and, possibly, translation along the direction of the longitudinal axis x) and the de­

grees of freedom of movement of the tube T (translation along the direction of the longitu­

dinal axis x and rotation about the longitudinal axis x). 

15 The two laser scanning modules 20 are mounted on a support structure 30, which is in turn 

attached to the carriage 28. The laser scanning modules 20 move therefore, along with the 

carriage 28, and hence along with the working head 10 as well, in the transverse direction 

y. According to a further embodiment (not shown), the support structure on which the laser 

scanning modules are mounted is attached to the head-carrying structure, or more generally 

2 0 to a carriage on which the working head is mounted, whereby the laser scanning modules 

are drivingly connected for translation with the working head both in the transverse direc­

tion y and in the vertical direction z. 

In the illustrated embodiment, the support structure 30 has a generally C-shaped configura-

2 5 tion, with a cross-member 32 that is attached to the carriage 28 and with a pair of side arms 

34 that extend longitudinally from the opposite ends of the cross-member 32. Respective 

mounting flanges 36 are securely connected to the free ends of the side arms 34. Similar 

mounting flanges 38 are securely connected each to an end of a respective laser scanning 

module 20. Each laser scanning module 20 can thus be easily mounted on the support 

30 structure 30 by connection, for example by screws 40, of the respective mounting flange 38 

with the mounting flange 36 of the respective side arm 34. 
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Each laser emitter 22 is arranged to generate a light blade L with a given angle of aperture 

(commonly known as fan angle) a, equal for example to 20°. Preferably, each laser emitter 

22 is provided, in per-se-known manner, with an optical system configured so as to allow 

uniform diffusion of the light all over the aperture of the blade, or at least over the largest 

5 part thereof. Preferably, each laser emitter 22 is mounted in such a manner that its optical 

axis (indicated oi) lies in a vertical plane. Moreover, the optical axis oi of each laser emit­

ter 22 is inclined by a given angle P to the horizontal, as shown in Figure 5. Preferably, the 

optical axes oi of the laser emitters 22 lie in a same vertical plane. Preferably, the vertical 

plane where the optical axes Oi of the laser emitters 22 lie passes through the optical axis 

10 OL of the laser beam emitted by the focussing device 14 of the working head 10. In this 

way, the scanning system scans the outline of the tube or profiled section just at the cross-

section where the laser beam emitted by the working head acts during working. This obvi­

ously allows to ensure the highest possible precision. 

15 According to an embodiment, the laser emitters 22 of the laser scanning modules 20 are se­

lected so as to emit light blades L having the same wavelength, in which case the cameras 

24 shall acquire the images of the portion of tube T illuminated by the light blades at dif­

ferent times (preferably, at times very close to each other), in order to avoid, especially 

with tubes having a small-sized cross-section, undesired effects of overlapping of the light 

2 0 blades which might reduce the quality of the images acquired by the cameras. Alterna­

tively, the laser emitters 22 of the laser scanning modules 20 are arranged to emit light 

blades L having different wavelengths, in which case the cameras 24 can simultaneously 

acquire the images of the tube T. 

2 5 Each camera 24 is mounted so that its optical axis (indicated 02) lies in the same plane as 

the optical axis Oi of the laser emitter 22 of the same laser scanning module 20 and is in­

clined to the latter so as to enable to acquire the image of the portion of surface of the tube 

T to be worked that is illuminated by the light blade L emitted by the laser emitter 22. The 

cameras 24 are connected by a suitable data transfer line (not shown, but of per-se-known 

30 type) to a processing unit (also not shown and also of per-se-known type) configured to 

process the images acquired by each camera to reconstruct the geometry of the whole out­

line, or at least of a portion thereof, of the cross-section of the tube T to be worked. 
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A laser scanning system such as the one described above allows to reconstruct the geome­

try of at least a portion of the outline of the cross-section of a tube or profiled section of 

any shape and size, exploiting the translational degree of freedom of the laser scanning 

modules in the transverse direction (and possibly also in the vertical direction) and the ro-

5 tational degree of freedom of the tube or profiled section to be worked about its longitudi­

nal axis. Furthermore, a laser scanning system such as the one described above allows to 

detect the actual positioning of the outline (or at least of the portion of outline acquired by 

the laser scanning modules) with respect to a reference axis, for example the nominal lon­

gitudinal axis of the tube or profiled section to be worked. 

10 

Naturally, the principle of the invention remaining unchanged, the embodiments and the 

constructional details may vary widely from those described and illustrated purely by way 

of non-limiting example, without thereby departing from the scope of the invention as de­

fined in the appended claims. 

15 
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