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GLASS CUTTING TECHNOLOGY COMBINING TWO DIFFERENT LASERS
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Anew technology for laser cutting of glass along a curvilinear contour is described. This technology combines

the use of two different methods of cutting in a single technological cycle: laser-controlled thermal splitting on

rectilinear sections of the cutting contour and filamentation using a picosecond laser on curvilinear sections of

the contour. The proposed technology makes it possible to significantly increase the productivity of the cutting

process along curvilinear contours without compromising the strength characteristics of the glass products.
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curvilinear contour.

Currently, the method of laser-controlled thermal split-

ting (LCTS) is one of the most effective methods of precision

cutting of glass and other brittle non-metallic materials, on

which subject there is an enormous number of publications

on the successful use of the LCTS technology in practice

[1 – 6]. The main advantages of the LCTS method are:

– high cutting speeds, reaching 1000 mm�sec;
– five-fold increase of the mechanical strength of a glass

edge after LCTS;

– waste-free, high-cleanliness cutting process.

In spite of these advantages the LCTS method possesses

significant limitations when cutting along a curvilinear con-

tour. Their essence lies in the following. The LCTS speed de-

pends not only and not so much on the power of the laser ra-

diation but rather it is directly associated with the thermal

conductivity of the material being cut, because on use of la-

ser heating of a surface the heat propagates into the bulk of

the material and fracturing thermoelastic stresses appear as a

result of heat conduction. Since the thermal conductivity of

glass is quite low (approximately 1 W�(m � K), the propaga-

tion of heat into the interior of the glass and the warming of a

volume large enough for destructive stresses to form occur

slowly; this is why LCTS speed is low when using a laser

beam with a circular cross-section.

Higher LCTS speeds are achieved by using a laser beam

with an elliptical cross section, extending along the line of

cutting, and cooling the heating zone with the aid of a cool-

ing agent [7]. In this case the LCTS speed can reach

1000 mm�sec. However, when cutting along a curvilinear

contour in glass, as any other brittle nonmetallic material

with low thermal conductivity, the situation with the use of

an elliptical laser beam changes radically [8].

In the first place, the conditions for heating glass on rec-

tilinear and curvilinear sections with the aid of an elliptical

beam differ substantially, and without significant reduction

of the cutting speed on the curvilinear section the LCTS pro-

cess will be interrupted. In the second place, even if the cut-

ting speed is reduced on the curvilinear section, the quality

and accuracy of the cutting will be difficult to monitor be-

cause the heating zone undergoes significant broadening. In

the third place, it will be practically impossible to perform

the cutting by the LCTS method on sections with a small ra-

dius of curvature, for example, less than 5 mm.

A novel solution of the indicated problem by means of

special optics or laser scanning devices shaping the beam, re-

peating the cutting contour along the entire length of the tra-

jectory is proposed in [9].

This technique optimizes the conditions for laser thermal

splitting by keeping the width and length of the heating zone

constant over the entire length of the curvilinear cutting con-

tour at constant LCTS speed. In the case where the cutting

occurs along a curvilinear contour, aside from changing the

shape of the laser beam, one other condition must be ob-

served — the position of the cooling spot must be coordi-

nated relative to the laser beam and the trajectory of the mo-

tion. Thus, it is also necessary to introduce an independent

control of the coordinates of the cooling position relative to

the trajectory of the motion.
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All these requirements and limitations often give rise to

definite difficulties in creating and adopting new technolo-

gies and new laser processing equipment [10].

DEVELOPMENT OF ADUAL-LASER

GLASS-CUTTING TECHNOLOGY

One of the main advantages of the LCTS method of cut-

ting glass is that because there are no microcracks and other

stress concentrators the mechanical strength of the edge in

transverse bending is five times greater than that obtained in

mechanical processing of the product edge [11].

In the last few years ultra-short laser radiation generated

by picosecond and femtosecond lasers has found extensive

applications in processing materials, first and foremost, mi-

cro-machining and drilling of openings as well as, to a lesser

extent, dimensional cutting. Ablation is used to remove ma-

terial in the processing zone, and the width of the cut ranges

from 50 to 150 �m. In this case the machining contour does

not have any significance and does not influence the cutting

parameters.

To compare the quality of a cut using different technolo-

gies, photographs of the cutting line of a 1 mm thick glass

plate from the top (Fig. 1a and c) and photographs of the end

face of such a plate (Fig. 1b and d ) are displayed Fig. 1. The

width of the cut after cutting by the LCTS method is equal to

zero (Fig. 1a ), and the surface roughness of the end face af-

ter LCTS (Fig. 1b ) is equal to Ra = 0.005 �m. After cutting

with a picosecond laser the width of the cut (Fig. 1c ) is equal

to 150 �m, and the surface roughness (Fig. 1d ) is equal to

Ra = 1.2 �m.

There exists one other variety of laser processing, the

so-called laser filamentation, which is accomplished by

self-focusing of the laser radiation in the interior volume of

the transparent material and formation of a narrow strand —

a filament. This mechanism has been used successfully for

dimensional cutting of glass and other transparent materials

[12].

It should be noted that the use of ultra-short pulsed laser

radiation in the case of the filamentation mechanism is ac-

companied by appreciable improvement of the cutting qua-

lity and reduction of the width of the fissuring zone, which

makes it possible to increase the strength of the end face

compared with processing using a picosecond laser in the

material ablation regime. However, the LCTS method has an

indisputable advantage in productivity and strength parame-

ters of the obtained products made from glass.

It should be noted that local curvilinear sections of the

entire contour of an article, which are formed by means of

filamentation by a picosecond laser, though they do have

lower strength metrics compared with rectilinear sections ob-

tained by the LCTS method, nevertheless do not significantly

affect the transverse bending strength of the entire article.

This is explained by the fact that these local curvilinear sec-
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Fig. 1. Comparison of the quality of a cut

obtained by means of different technolo-

gies: a, b ) photographs of the line of the cut

(a) and end face of a plate (b ) after cutting

by means of LCTS; c, d ) photograph of the

line of the cut (c) and the end face of the

plate (d ) after cutting with a picosecond

laser.

Fig. 2. Example of cutting of a single sample: the thicker lines show

picosecond laser processing and the finer lines show LCTS.



tions of the article are essentially not subjected to bending

forces on loading during testing or operation. On the basis of

these considerations a new technology combining the use of

two different methods of cutting in a one technological cycle

was developed for laser cutting of glass along a curvilinear

contour: the method of laser-controlled thermal splitting on

rectilinear sections of the cutting contour and the method of

filamentation, using a picosecond laser, on the curvilinear

sections of the contour (Fig. 2) [13].

Since this technology includes two cutting steps, it is

very important to maintain high accuracy in combining the

cutting lines from the two lasers, which ultimately will deter-

mine the accuracy of the geometric dimensions of the overall

article. A photograph of a fragment of a glass plate at the lo-

cation where the curvilinear and rectilinear cutting sections

join together in the photograph is displayed in Fig. 3.

The following components were chosen to implement

this technology for cutting glass. A 50 W, 10.6 �m, continu-

ous-wave CO
2
laser was used for LCTS cutting and a 50 W,

1064 nm, solid-state laser with 10 psec pulses was used for

the filamentation process.

Glass samples with thickness 0.5 mm cut by the different

methods were checked for mechanical strength in transverse

bending. The samples cut by means of the LCTS technology

and the samples cut using the new dual-laser technology

showed identical strength results in the range 350 –

450 MPa. In addition the samples cut by the filamentation

method showed a result not exceeding 150 MPa.

CONCLUSIONS

The new method developed for cutting with two lasers is

an alternative to the method where only the filamentation

process is used for articles containing curves. So, in cutting

by two different methods with identical linear speed and

straight lines, for example, in the range 150 mm�sec, the

edge after the use of the LCTS method will not require fur-

ther operations of grinding and polishing of the end faces in

order to increase the mechanical strength of the article. The

LCTS speed on straight lines can reach 1000 mm�sec, which

is a very significant advantage in cutting large articles with

large dimensions. A drawback of LCTS is the impossibility

of cutting rounded sections with small radii from 1 mm at

high speed, for example, 800 mm�sec and higher. In sum-

mary, the developed technology can combine the advantages

of two technologies in one piece of equipment.
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a b

Fig. 3. Photograph of a fragment of a glass

plate at the location where are the curvilinear

and rectilinear sections of the cut join together:

a) top view of the fragment; b ) photograph of

the end face of a glass plate after cutting by the

filamentation method on a rectilinear section,

using a picosecond laser and cutting by the

LCTS method using a CO
2
laser.
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