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Abstract: The basic factors affecting the laser marking of products —
volumetric density of the absorbed energy and the number of repetitions, were
studied. Experiments were conducted of marking the samples of stainless steel with
fiber laser. The dependence of the contrast of marking from the power density for
different number of repetitions, and also the volumetric density of the absorbed
energy from speed was obtained and the experimental results analyzed.
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1. INTRODUCTION

Laser marking is a complex technological
process [1—4]. One of the basic criteria for assessing
the quality of marking is its contrast on product.
Factors that influence the contrast in the laser mark-
ing, and hence optimization of the process in gener-
al, can be combined into three groups, associated
with:

— the properties of material — optical characte-
ristics (reflection coefficient, absorption ability, ab-
sorption coefficient, penetration depth) and thermo-
physical characteristics (heat conduction, thermal
conductivity, heat diffusion length);

—laser source — power, power density, pulse
energy, frequency, pulse duration, wavelength, beam
quality;

— technological process — speed, step, defo-
cusing, number of repetitions.

The complex factors such as the coefficient of
overlap (related to those of the laser source and
technological process) and volumetric density of
absorbed energy (related to factors of three groups)
must be added to the above [5].

These basic factors are related in certain phys-
ical dependencies between them. They are important
for understanding the physical nature of the process
and build of its model.
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The aim of this paper was:

— To investigate the influence of volumetric
energy density and the number of repetitions on the
process of laser marking;

— To analyze the experimental dependence of
the contrast of marking from the power density for
different numbers of repetitions;

— To analyze the experimental dependence of
the volumetric energy density from the speed.

A. Theoretical studies

To carry out the marking, the power density
of the laser radiation should be sufficient to cause
structural changes in the product of structural steel,
melting the material in the treatment zone and/or its
partial evaporation. As far as the studies are con-
cerned, it must be taken into account that with its
increase the absorption ability of steel increases.

The power density is defined by the formula
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where P is power, S — the surface of the working
area.

Taking into account that
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was obtained, where d is the diameter of the working
area.

The volumetric density of absorbed energy is
given by the expression

AE
E p = 7 N
where A is the absorption ability, £ — fallen energy
of laser radiation, J'— volume of the impact area .
Volumetric density of the absorbed energy
can be practically determined by the formula
E AqS
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where v is speed.

Volumetric density of absorbed energy is the
quantity that the most complete renders an account
the energetic impact of laser radiation on the sample.
It determines the heating temperature of the sample
and the method of marking. It indirectly influences
the contrast of marking.

The upper limit of the power (and thus of the
power density) of each laser source is preset and is
necessary to determine an optimum interval of
amendment of gs to achieve the good quality of
marking. Sometimes it is necessary to mark the
products made of a particular material for a technol-
ogical system whose power density is not sufficient
to carry out the process. In this case, one of possible
solutions is to use different number of iterations N of
the marking, to obtain the desired result.

B. Experimental studies

Experimental studies were performed with la-
ser technological system for marking with fiber laser
[6—8]. They included the products from stainless
steel 10HI4AG15. It is intended for non-magnetic
components operating in slightly aggressive envi-
ronments; household items; lightweight structures,
joined by spot welding. Its basic characteristics are
given in [9].

1) Investigating the influence of the number
of repetitions N

Experimental plan

The experiments that included the study of the
influence of the number of repetitions N on the con-

trast of marking £*, were carried out on cut samples
of steel 10H14AG15 on raster marked fields with
measuring 5 mm x 5 mm with fiber laser. 40 squares
with different processing speeds v were raster
marked on the studied samples of steel, in the inter-
val v € [30; 130] mm/s and with a number of repeti-
tions N =1; 2; 3, 7, respectively.

Certain parameters of laser system, which are
kept constant during the experiments, are presented
in table 1.

Graphics of the resulting experimental depen-
dence k* = k*(v) for different number of repetitions
of the marked squares are shown in Fig. 1. The fol-
lowing conclusions can be drawn from their analy-
sis:

—The contrast of laser marking increases by
increasing the number of repetitions;

—When changing the speed in the interval
v € [30, 130] mm/s in double raster marking of the
lines contrast k* increased 1,4 — 1,5 times compared
to their single marking. The explanation of this ex-
perimental result confirms the theoretical studies of
[5]. As a result of the first processing increases the
absorbance in the area of impact. Thus, in case of
repeated impact on the target area the greater part of
the fallen laser radiation was absorbed.

— When the number of repetitions N = 3 pro-
duces a higher contrast £* of the marked area in
comparison to that for N = 2. It should be noted that
the increase in contrast is not significant, about 10%.

— In number of repetitions N = 7, the marking
contrast is almost the same as with the number of
repetitions N = 3. Furthermore, the method of mark-
ing by evaporation is obtained. The quality of mark-
ing is slightly reduced.

— The results of the graphics (1) and (2) show
that the efficiency of the raster marking with double
processing of the operating zone is significantly
higher than that for a single processing.

Table 1. Basic parameters of laser system with fiber laser,
which are kept constant during the experiments.

Parameter Value
Power density ¢s , W/m? 7,75.10°
Frequency v, kHz 30
Pulse duration 7, ns 250
Diameter of work spot d, um 35
Step Ax, pm 50
Defocusing Af, mm 0
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Figure 1. Graphics of the experimental dependence k* = k*(v) for laser marking with number of repetitions:
I-N=1;2-N=2,3-N=3,4-N=7.

2) Determining the volumetric density of ab-

sorbed energy

Experimental plan

For different speeds of marking the power
density of the laser radiation is determined, for
which a certain contrast of the laser marking is ob-
tained. Then the ratio gs/v for these speeds was cal-

culated.

The parameters of laser system, which are
kept constant during the experiments, are presented

in Table 2.

Table 2. Basic parameters of laser system with fiber laser,
which are kept constant during the experiments.

Parameter Value
Frequency v, kHz 30
Pulse duration z, ns 250
Diameter of work spot d, pm 35
Step Ax, pm 50
Defocusing Af, mm 0

The analysis of experimental results

The graph of dependence gs/v = f{v) — Fig. 2
was made from the obtained results. The volumetric
density of the absorbed energy according to (4) is
proportional to the ratio gs/v. The proportionality
factor is equal to the absorbance A of the material. It
is considered to be constant.

— The following conclusions can be drawn
from the graph:

— With increasing velocity v it has been was
observed that a decrease of the attitude g¢/v as de-
pendence is almost linear;

— When changing the speed in the interval v €
[30; 120] mm/s ratio gg/v is in the interval gs/v €
[30.1; 27,4] GJ/m’ decreasing by about 10%. The
reason is that with increasing the speed of the mark-
ing the impact time in the treatment zone is reduced.
This leads to the reduction of energy loss [10]. In
these cases, the process is realized with less volume-
tric energy density.
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Figure 2. Graphics of the experimental dependence qs/v = f(v) for marking with fiber laser
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3. CONCLUSION

The experimental results support the carrying
out of the process of laser marking of stainless steel
products in industrial conditions. They provide vari-
ous choices of operating parameters of the operator
of laser systems. Studies can be extended to disc
laser, Nd:YAG laser and CuBr laser, which are suit-
able for laser marking.
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FOR

[MPOYYABAE YTHUITAJA BPOJA TIOHABJbAA 1 OBVIMA IT'YCTUHE
EHEPI'MJE HA JIACEPCKO OBUJBEXKABAIE ITPON3BOJA

Caskerak: AHaJIM3UpaHH Cy TJaBHU (AKTOPU KOjH YyTHYY Ha JIACEPCKO O3HAYaBambe
MIPOM3BOJIa — BOJYMETPHjCKa €HEpreTcKa TyCTHHA B Opoj NMOHaBJhama. EXCIIepIMeHTaIHa
UCTpakMBama 00yxXBaTHJIa Cy 00MIbeKaBame y3opaka Hephajyher uenuka Gudep macepom.
JloOujeHa je 3aBHCHOCT KOHTpacTa OOMJbEXKaBama OJ] TYyCTUHE CHEPrHje 3a PasiuuuT Opoj
NOHaBJbamkha, Kao M OYJIK IycTHHa arncopOoBaHe eHepruje oJf Op3uHe. AHAIM3UPAHU CY

HO6I/IjeHI/I CKCIICPUMCHTAJIHU PE3YyJITaTH.

Kmbyune pujeun: nacepcko obenexaBame, pudep sacep, KOHTpacT, Opoj IMOHaBJba-
a, BOJ[yMETPH]jCKa eHEepreTcKa I'yCTHHA, I'YCTHHA cHare, Op3uHa o0eexaBama.
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