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WEAKENING AND MARKING OF GLASS WITH
LASER BEAM

Varga Bernadent®, Timar Imre** Horvath Pal***

ABSTRACT

The article reviews the weakening method of cross
section of vial neck using CO, laser beam and presents
the way of finding its technological parameters, Through
weakening of cross section the breaking force has to be
between 30-80 N. The method is suitable for marking
other glass products (e.g. phial of perfume) too.

Keywords: laser technology. reproducibility, mark-
ing of glass products, bending stress.

1 INTRODUCTION

For the purpose of dosage, the various liguid medi-
cines and chemicals are filled into vials and then the vials
are sealed. Before their use, the vials shall be broken at
their neck to have access to their content, Formerly, the
neck of vials was weakened by means of a rasper in order
to facilitate the break concentrated at a specified point,
The vial could be broken by bending stress. In parallel
with the technical progress, part of the vials are already
seratched at their neck by means of a diamond disk. thus
ensuring the reliable and accurate breaking,

Similar problem anises in identification and the mark-
ing of glass products. At present. it 18 solved by gluing
tags bearing the appropriate text. By using laser, both
tasks can be solved.

2 WEAKENING OF THE NECK OF VIALS
USING LASER BEAM

Cutting of glass using laser beam is not raked among
the simple tasks of production technology. In order 1o
support them, let us guote a professional opinion as fol-
lows: “The laser beam as a light beam is reflected. To cul
glass s much more difficult than black traprock by means
of laser beam”. Requirements set to breaking according
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Figure 1 Sketch of breaking the vial

o the standard 150 9187-1:2000{E) became siricter o
the extent that, when using the device shown in Figure
! for breaking, both the minimum value (#_ ) and the
maximum value (F_ ) of breaking force are specified.
It is possible to fulfil these limits only by controlling the
cutting parameters.

Prior to solving the task, let us briefly overview the
peculiarities and application possibilities of laser vech-
nology. In 2004, more than 38000 laser based materi-
als processing equipment were sold in the world. from
which approximately 18300 units used CO, laser and
12200 units wsed solid-state laser [1].

The laser beam gencrators produce optical radiation
of special charactenstics within the ranges of near ulira-
viplet (NVUF) and far ultraviolet (FUV) as well as within
the ranges of near infrared (VIR) and far infrared (FTR),
Filewre 2 and 3,
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Figuire 2
Speciral division ef opiical radiations and the
wavelength ranges fexpressed in um) of laser radiation
emitted By marking laser devices used in the industry
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Figure 3
Baxic constriction of slow flow ¢§F) laser [2]

We started the development of glass cutting technology
with the application of CO, laser machine, As a first step, the
peculiarities of the CO, laser source had 1o dealt with,

The advaniages of the laser beam cutting (marking)
can be spmmarized o follows:

The individual materials absorb the laser radiation of
various wavelength 1o a different extent, therefore, it shall
be examined what type of laser beam generators could be
or shall be used in each and every application. The mark-
ing possibilities are primarily defined by the material w
be marked. The advantages of the laser beam marking
technology over the traditional technologies are:
= the mechanical characteristics of the workpiece do not

influence the marking technology. thus the process is

Slexibie,
= excellemt marking quality and repeatability, the proe-

B85 15 precise,

»  high speed, the process is quick,

= the processing is contactless, without wear and with
minimum stress on the workpicce,

*  due o the process control compuater and interfaces,
easy integration into production lings thus ensuning
the possibility of rapid conversion,

= the wide range of materials can be processed,

®  the laser beam may come up on places difficult w ac-
cess where other technologies fail [3].

We aim at defining marking parameters that fulfil the
above conditions. For the purpose of weakening the wall
of vials, we used an engraving operation in which the
material at the focus boils under the effect of laser beam
and is evaporated from the surface,

Thus, a crater-like pit 1s generated at the surface, This
operation, similarly to the mechanical engraving causes a
palpable pit on the surface. The breaking forces of vials
acting at the middle of 36 mm span [ 18/18]} are indicated
in the Tabie !, For marking of the neck of vials, a 30W
MACSA K-1030 PLUS type laser beam generator (CO,
galvo head, pulse mode) was used. The spot diameter of
the laser beam depends on the lens used. The Tocal length
of lens used for testing was 200 mm that focused the laser
beam to a diameter of 350 pm. The maximum power den-
sity of the focused laser beam was 245 W/mm®. The area

28 1. SZAM

breaking force [N]
In case of Torce acting al the | minimum | maximum
middle of a 36 mm span
(18/18)
F i Hi)

Table 1 The breaking forces of vigls

which could be marked by means ol the lens was 100x 100
mm. The wavelength of CO, laser source was 10600 nm.
From among the laser processing parameters, il 15 the
marking length (line) or the number of point shootings
that are the decisive values [3]. There were two methods
of marking to weaken the neck of glass vials, One of them
is that the vial is rotated meanwhile lines in length of sev-
eral micrometers are etched by means of laser beam into
its wall. In the other method, the glass wall is weakened
by point shooting in spot size of laser beam according to
the time of revolution, Figure 4. With reduced time of rev-
ollution i.e. increased rotational speed. the length of mark-
ing lines and the number of shots. respectively, is reduced.
In both cases, care shall be taken to prevent the laser beam
from cutting too deep lings into the wall of glass,
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alass wall wirh
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The glass vials were fixed in a fastening and rotating
equipment in such way that the neck of the glass vial is
located in the marking area of the laser beam generator,
Figure 5.

Figure 3 Laser mavking of glass vials

GEP, LX. éviolyam, 2009,




A driving motor rotated the vials at a constant speed
while the laser beam generator applied several shot puls-
es on the neck of vial. At first, the rotational direction
was changed back and forth, however. a difference in the
measurement was detected, It turned out that, immespec-
tive of the speed of the marking laser, the length of the
marked ditches was influenced by the relative velocity
resulting from the rotation,

The laser parameters listed below had to be optimized
depending on the time of revolution ;

»  the power density of the laser beam, 90 [%%].

= (he sweeping speed of the laser beam, 30 [mim/s).
*  the pulse freguency. 10 [kHz],

*  ihe marking lengih, b [pm] and

*  ihe number of dot shots during a specified time.

The break of vials was tested by means of an equip-
menl tvpe Instron, Fignne 6.

||I'.]._L".|.|'|"|_' ]
Break fesi
of thne vigls
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In case of white vials the dot form,. while in case of
brown ones the line-like marking proved to be advanta-
eeous, The break test results of the brown vials are shown
on Fronre 7

Figure 7 Break rest results of vials

Based on the results, it can be shown that

® by using laser beam, it 15 possible o weaken the neck
of vials so as the value of breaking force falls within
a specified interval;

* jincase of laser beam generators of various capacity, it
15 necessary 1o define the marking parameters previ-
ously (our marking results relate 1o 30 W CO. laser
source, but we made researches with 10W CO, laser
source as well),

GEP, LX. éviolyam, 2000,

* the cutting technology is free of pollution as com-
pared to that using cutting disk;
= the system can be automated.

I APPLYING TEXT ON GLASS
USING LASER BEAM

Al present, laser marking technology can excellently
be used on raw materials of paper, leather, wood, plastic,
textile and metal. However, this technology 1s not popu
larized on glass surface as vel. The reason is, that it 1s
not a simple matier o apply proper marking on the sur-
face of glass, it requires much testing [4]. On production
lines manufacturing and packaging perfumes Figire &,

acceptable surfaces were obtamed by using technologic
parameters as follows:

Figtire &
Inscription
e i vl

= power density 30W (using CO, laser source), 100%,

 repetiiion frequency 100 kHz,

e depending on the band speed of production ling, the
number of characters and their size, the number of
text rows, the marking speed was changed between
S00 and 2500 mum/s.

OSSZEFOGLALO

A cikk ismeneti az vegampullak nyakrészének CO
lézerrel tinénd kereszimetszel-gvengitési eljarasat ¢z
bemutatja a technoldgiai paraméterck meghatirozisar,
A keresztmetszet-csdkkentés kdvetkeziében az ampullak
idroerejenek 30-80 N koxdit intervallumba kell esmie, A
madszer alkalmas mas Givegipan termékek (pl. parfiimis
iivegek) jeldlésére is.

REFERENCES

[1] hupfwww laserfocusworld.com

2] STEEN, W. M.: Laser Material Processing. London,
Springer-Verlag, 1998,

[3] Ready, ). F.. FARSON, D. F.: LI1A Handbook of laser
materials processing. Berlin, Springer-Verlag, 2001

[4] LEIBINGER-KAMMULLER. N.: Werkzeug Laser.
Wilrzburg, Vogel-Verlag, 2006,

[5] POWELL, J.: CO, Laser Cutting. London, Springer-
Yerlag, 1993

1. SZAM 79



