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Abstract – Two ways of marking are examined: by removing layer and by melting the layer and substrate. Experiments were performed with two types of lasers (in the visible λ1 = 578 nm and near infrared λ2 = 1, 06 μm) areas. The change of contrast in dependence from two technology parameters - power density and speed of marking were analyzed. The physical mechanism for marking to both methods was discussed. The intervals of power density and speed of marking are certain in order to obtaining optimum contrast.
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Introduction

The products of mechanical engineering come out from the production process with inflicted protective coatings. According to the World and European standards there should be marking such as - matrix code [1], bar-code [2], logo of firm, serial numbers, basic technical features etc. In the study process of laser marking, apart from the basic factors [3] which influence it, there must be render an account also to the processes due to various thermo-physical properties of materials. For each concrete case it is necessary to carry out experimental investigations in order to define optimal technological parameters.
Presentation

Several studies were conducted on samples of alloyed structural steel 40X to investigate the influence of the type of surface over the contrast of marking. Preliminary were prepared models with the following surfaces:

 - nickeled;

- oxidized.

These are real working surfaces of articles of manufacture (for example "Ceratizit Bulgaria" AD Gabrovo [4]).

Two types of lasers are used for the experiments: fiber laser[5, 6] and CuBr laser [7]. Indirectly is studied the influence of the wavelength (absorption) on the process of laser marking.

Experiments were carried out in two directions:

 - Investigation of contrast as a function of power density;

- Investigation of contrast as a function of speed of marking.
The aim was to obtain optimal technological parameters for different ways of marking (through evaporation of surface layer and by melting the surface layer and a part of the basic material).

1. Investigation of contrast as a function of power density
Investigation with fiber laser

Parameters, which are kept constant during the experiments are presented in Table 1. The power density of laser radiation is amended in the interval qS Є [0,99.1010; 2,26.1010] W/m2 with step 1,415.109 W/m2. On the graphs in Fig. 1 is represented the experimental dependence k* = k*(qS) for marking with fiber laser of samples of steel 40X with coatings. 

Table 1
	Parameter
	Value

	Speed of marking v, mm/s
	   70

	Frequence ν, kHz
	   20

	Duration of pulses τ, ns
	 100

	Step Δx, μm
	   50

	Defocus Δf, mm
	     0
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Fig. 1. Graphs of the experimental dependence k* = k*(qS)

in marking with fiber laser on samples of steel 40X:

1 - with an oxidized surface, 2 - with a nickeled surface.

From the analysis of the graphs the following conclusions can be drawn: 

For the oxidized surface the contrast of marking decreases almost linearly with increasing power density. The speed of change is - 2,6.10-9 %/(W/m2). We can seek an explanation in the following direction: it is assumed that except the revocation of the layer, the basic material melts, which leads to darkening it and reducing the contrast.

For the nickeled surface the contrast of marking increases with rise of the power density of laser radiation. Within the interval of power density of laser radiation qS Є [0,99.1010; 1,70.1010] W/m2 the speed of increase is 7,4.10-9 %/(W/m2), and in the interval qS Є [1,70.1010; 2,26.1010] W/m2 - 1,4.10-9 %/(W/m2).

The optimal intervals for power density of laser radiation at a speed v = 70 mm/s under visual perception of the marking are:

for oxidized surface qS Є [0,99.1010; 1,86.1010] W/m2;

for nickeled surface qS Є [1,65.1010; 2,26.1010] W/m2.

Investigation with with CuBr laser

Parameters are kept constant during the experiments are presented in Table 2. Power density of laser radiation is amended in its range of qS [0,72.1010; 1,36.1010] W/m2 with step 0,715.109 W/m2. The graph in Fig. 2 shows the experimental dependence k* = k*(qS) in the laser marking of CuBr samples of steel 40X with coatings. 

Table 2

	Parameter
	Value

	Speed of marking v, mm/s
	   70

	Frequence ν, kHz
	   20

	Duration of pulses τ, ns
	   30

	Step Δx, μm
	   50

	Defocus Δf, mm
	     0
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Fig. 2. Graphs of the experimental dependence k* = k* (qS)

in marking with CuBr laser on samples of steel 40X:

1 - with an oxidized surface, 2 - with a nickeled surface.

From the analysis of the obtained experimental results can be drawn the following conclusions:

• For the oxidized surface is obtained almost linear decrease of contrast with increasing power density for the entire studied range with speed 5,45.10-9 %/(W/m2);
• For the nickeled surface the contrast of marking increases with rise of surface power density of laser radiation. Within the interval of power density of laser radiation qS Є [0,72.1010; 1,13.1010] W/m2 speed of increase is 11,3.10-9 %/(W/m2) and in the interval qS Є [1, 13.1010; 1,36.1010] W/m2 - 3,25.10-9 %/(W/m2);

• Due to the greater absorbability of radiation of CuBr laser (A = 45%) compared with fiber laser (A = 30%) work with 40-45% less power density;

• The optimal intervals for power density of laser radiation at a speed of marking v = 60 mm / s under visual perception of the marking are:

for oxidized surface qS Є [0,72.1010; 1,08.1010] W/m2;

for nickeled surface qS Є [1,17.1010; 1,34.1010] W/m2.

2. Investigation of contrast as a function of speed of marking

Investigation with fiber laser

The speed of marking is amended in the interval v Є [10, 140] mm/s with step of 10 mm/s at a power density of laser radiation qS = 1,57.1010 W/m2. The other technological parameters are kept constant and given in Table 1. The graphs in Fig. 3 present the experimental dependence k* = k*(v) in fiber laser marking of samples of alloyed structural steel 40X with coatings.
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Fig. 3. Graphs of the experimental dependence k* = k*(v)

in marking with fiber laser on samples of steel 40X:

1 - with an oxidized surface, 2 - with a nickeled surface.

From the analysis of the obtained experimental results it can be concluded that: 

• For the oxidized surface (curve 1 in Fig. 3) observed nonlinear increase of contrast with rise on speed, reaching a maximum at speed v = 110 mm / s and reducing the contrast in a further increase of speed. For this amendment to the contrast may be sought an explanation from the following considerations. At a speed of marking v =20 mm / s is obtained removal of the layer and melting of the base material in the zone of impact. The increasing speed reduces the energy absorbed in the impact zone and the depth of the melt. At a speed v = 110 mm/s is obtained only withdrawal of oxidized layer and therefore the contrast is maximized. When speed is above v = 110 mm/s, it takes a part of the layer as the speed is greater as the lesser part of it is removed. The contrast decrease in this range of speeds
• For nickeled surface (curve 2 of fig. 3) when increasing speed it can be observed that the contrast of the marking is decreasing.  Can be attributed to a decrease on the value of absorbed energy  with rise of speed;
• The optimal intervals for marking speed at surface power density of laser radiation qS = 1,60.1010 W/m2 under visual perception of the marking are:
for oxidized surface v Є [60, 140] mm/s;

for  nickeled surface v Є [10, 60] mm/s.
Investigation with CuBr laser

The speed of marking is amended in the interval v Є [20, 130] mm/s with step of 10 mm/s at a power density of laser radiation qS = 1,34.1010 W/m2. The other technological parameters are kept constant and given in Table 2. The graphs in Fig. 3 present the experimental dependence k* = k*(v) in fiber laser marking of samples of alloyed structural steel 40X with coatings.
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Fig. 4. Graphs of the experimental dependence k* = k*(v)
in marking withCuBr laser on samples of steel 40X:

1 - with an oxidized surface, 2 - with a nickeled surface.

From the analysis of the graphs in fig. 4 can draw the following conclusions:

• For the oxidized surface with increasing speed in the range of its v Є [20, 100] mm/s increases the contrast and speed v = 100 mm/s it is maximized. At speeds above 100 mm/s with further increasing the speed of marking the contrast decreases. We can look for the same explanation as in impact with fiber laser;

• For nickeled surface of steel 40X with increasing speed reduces the contrast of the marking with speed (- 0,67%/(mm/s));

•  The optimal intervals for marking speed at surface power density of laser radiation qS = 1,34.1010 W/m2 are:

for oxidized surface v Є [76, 130] mm/s;
for  nickeled surface v Є [20, 75] mm/s.
Conclusion
The determination of optimal process parameters in each concrete case of marking of products with coatings helps the work of operators of laser systems. This achieves a better quality of marking and improving production efficiency. Supplementing the research with different coatings on the surface of the products, marks steel, from which it is made, and for other types of lasers helps to obtain a database that can be successfully used in production.
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