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INFLUENCE OF SPEED AND FREQUENCY OF PROCESS
LASER MARKING OF PRODUCTS OF STRUCTURAL STEEL

Nikolay Angelov

Technical University of Gabrovo

Abstract: The influence of the speed and frequency for the laser marking of samples of structural
steel was investigated. The experiments were carried out with laser CuBr, working in the visible area. The
dependences of the contrast of marking from the speed and frequency were received and analyzed. Work
intervals for the speed and frequency of laser marking these materials were determined.

Keywords: laser marking, structural steel, CuBr laser, work intervals.

INTRODUCTION

Speed and frequency are basic parameters influencing the contrast and quality of the
marking of products [1-3]. The time of impact on the sample and the energy, that is
absorbed in the material in the area of treatment, depend from the speed. It is decisive in
the choice of the method of marking. As it is known, main operation modes of lasers are
continuous in a pulsed regime. It is preferably the lasers for marking to work in pulse
mode. They have a frequency of several kHz to hundreds of kHz.

Due to the exceptional importance of the speed and frequency of the laser marking
process for each case, they should be optimized by conducting experiments.

The purpose of the study is to obtain work intervals on power density of laser
radiation and speed of laser marking on products from structural steels 15kp and 30ChGS
(in BDS).

EXPERIMENT

Steel 15kp is used for making elements of piping, fittings, plugs, fasteners, shafts,
levers. From steel 30ChGS shafts are made, axles, gears, brake bands of engines,
flanges, plating, blades of compressor machines, levers, pushers responsible welded
structures operating at variable loads fasteners. The basic characteristics of these steels
are given in [5].

Experiments have been made with a CuBr laser. On Fig. 1 a laser technological
system for marking with CuBr laser is shown:

Fig. 1a — Appearance of the used laser technological system,;

Fig. 1b — Scheme of the laser technological system: 1 - computer; 2 - control unit; 3 -
power supply; 4 - technological laser ; 5 - optical system; 6 - system for deflection ; 7 -
cooling system; 8 - MOPA system; 9 - power of the working head; 10 - protected block; 11
- tristimulus table.

The basic parameters of laser technological system for marking with this laser are
given in Table 1 [4], [6].
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a b

Fig.1. Laser technological system for marking with CuBr laser

Table 1

Parameter Value
Wavelength A, nm 578
Power P, W 10,0
Frequency v, kHz 20,0
Pulse duration z, ns 30
Pulse energy E,, mJ 0,50
Pulse power Pp, KW 16,7
Beam quality M* <1,7
Positioning accuracy, ym 2,5
Efficiency, % 10

EXPERIMENTAL RESULTS

1. Study of the dependence of the contrast k* from the speed v of marking.

A large number of experiments were performed. Parameters, that are kept constant
during the experiments, are given in Table 2. The speed of marking of laser radiation
varies in the interval v € [20; 100] mm/s in 10 mm/s.

Table 2

Parameter Value
Power density gqs, W/m” 1,27.10%
Diameter d, um 30,0
Frequency V, kHz 20,0
(only for task 1)
Speed v, mm/s 50,0
(only for task 2)
Pulse duration 7, ns 30
Step Ax, ym 50
Defocusing Af, mm 0
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Graphs of the experimental dependence k* = k*(v) for samples of structural steels
15kp and 30ChGS are shown on Fig. 2: 1 — 15kp; 2 — 30ChGS. From their analysis the
following conclusions can be drawn:

e With increasing speed nonlinear decrease of the contrast of marking for both
steels is observed .

e The comparison of the two graphs shows that the contrast of the marking of
steel 15kp is about 6-7% greater than that of steel 30ChGS for each speed of
the interval. This fact is explained by the different optical and thermo-physical
characteristics of the two materials.

e The rate of change on the contrast of the marking is:

Interval v € [20; 60] mm/s | v € [60; 100] mm/s
Sample

Steel 15 kp — 0.25%/(mm/s) — 1.38%/(mm/s)
Steel ChGS — 0.225%/(mm/s) — 1.32%/(mm/s)

e The work intervals of speed for laser marking with CuBr for power density
s = 1,20.10'° W/m? are:

For visual perception | Steel 15 kp v € [20; 81] mm/s
of marking Steel ChGS | v € [20; 76] mm/s
Using a readers Steel 15 kp v € [20; 97] mm/s
Steel ChGS | v € [20; 95] mm/s
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0 10 20 30 40 50 60 70 80 90 100

Speed v,mm/s

Fig.2.

2. Study of the dependence the contrast k* of the marking from frequency v.
The parameters, which are kept constant during the experiments, are given in Table

2. The frequency varies are in the interval v € [4, 20] kHz with step 2 kHz.

On Fig. 3 graphs of the experimental dependence k* = k*(v) for samples of structural

steels are shown: 1 — 15kp; 2 - 30ChGS. From their analysis one can draw the following
conclusions:
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e With increasing frequency a nonlinear increase of the contrast of the marking
for the two materials is observed. It is explained with better absorption of laser
energy for larger frequencies;

e The rate of change of frequency in the interval of studies is:

1,44 %/kHz for structural steel 15kp;
1,23 %/kHz for structural steel 30ChGS.

e The work intervals of frequency for laser marking with CuBr for power density
v =50 mm/s are:

For visual perception | Steel 15 kp V € [6; 20] kHz
of marking Steel ChGS | y g[8 20] kHz

Using a readers Steel 15 kp V € [4; 20] kHz
Steel ChGS |y ¢ [4: 20] kHz
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Frequency v, kHz

Fig.3.

CONCLUSION

The results from experimental studies serve to fill the technological tables with
working process parameters for each case of laser marking. So this assists the operator of
laser technological systems. Moreover, it increases production efficiency.
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BJIIMAHUE HA CKOPOCTTA U YECTOTATA 3A MNMPOLIECA JIA3EPHO
MAPKWUPAHE HA U3SAENNA OT KOHCTPYKLMOHHA CTOMAHA

Hukonaun AHrenos

TexHuyecku yHusepcumem — [[abpoeo

Pe3rome: V3cnedsaHo e efusHUeMO Ha CKopocmma u Yecmomama 3a /la3epHO MapKupaHe Ha
o06pa3yu om KOHCMpYKUUOHHa cmomaHa. ExcriepuMeHmume ca u3ebpuwieHU ¢ niasep Ha CuBr, pabomeuw;
eb8 gudumama obnacm. NofydeHuU U aHanu3upaHuU ca 3agucuMocmume Ha KOHmpacma Ha MapKupoekama
om ckopocmma u yecmomama. OnpedeneHu ca pabomHu UHMepeasnu 3a ckopocmma u yecmomama 3a
Jla3epHo MapKupaHe Ha me3u Mamepuaru.

Knroyoeu Aymu: naszepHo MapkupaHe, KOHCMPYKUUOHHA cmomaHa, rasep Ha CuBr, pabomHu
uHmMepeanu.

The paper is dedicated to International Year of Light and Light-based Technologies,
2015 (1YL 2015).
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