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Abstract To investigate the mechanism of laser coloring and fabrication of micro- and nano-structures fabrication on
stainless steel, the influence of such laser parameters as defocusing distance, pulse energy, scanning interval,
scanning speed, and repetition rate is studied. The oxide film, grating-like structure, concave and columnar
protrusion are produced. The four structures lead to thin-film interference, grating diffraction effect and light
trapping effect. A back propagation (BP) neural network with one hidden layer between process parameters and
color parameters is established via Matlab. The training root-mean-square error of this BP neural network is

0.0078. The relative errors of hue, saturation and brightness are 23%, 10.4%, 5.6%, respectively. To a certain
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extent, this neural network reveals the mapping relationship between process parameters and color. The laser
coloring effect can be predicted effectively with the neural network model.
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1t 1: laser;
2: beam expander;
3: Y-galvanometer;
L 4: X-galvanometer;
5: F-Theta;
=] 6: sample;
7: platform;
PC: personal computer
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Fig. 1 Diagram of laser marking system
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Fig. 2 Effect of the defocusing distance on laser coloration
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Fig. 3 Relationship between the HSB values and the positive defocusing distance
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Fig. 4 Effect of output power and scanning interval on laser coloring
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Fig. 5 Relationship between the HSB values and the pulse energy when scanning interval is 0.005 mm
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Table 1 Comparison of actual color and Predicted color of some samples

Actual
H /® 19 173 330 3
S /% 47 24 14 20 23
B /% 70 80 68

Predicted
H /() 19.1 57.5 129.8 170.6 329.6 15.6
S /% 46.8 30.3 23.9 13.8 20.2 22.5
B /% 70.3 70.1 79.5 69.9 66.8 76.4
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Fig. 14 Microstructure of stainless steel surface. (a) Untreated material; (b) film structure formed by laser treatment
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Table 2 Colors andcorresponding processing parameters

Repetitive .
Power Scanning speed Scanning Defocusing
Sample Color frequency ) )
P /W v /(mm e s ') interval d /mm  distance ¥ /mm
rate f /kHz
1 3.60 55 270 0.005 0
2 3.52 20 200 0.005 0
3 2.22 45 60 0.005 +0.17
4 2.22 45 60 0.005 +0.12
5 2.22 45 60 0.005 0
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Table 3 Element mass percentage and film thickness of samples

Element mass percentage /%

Sample - - Film thickness /nm
O Fe Ni Cr
1 1.75 61.73 13.73 21.01 22
2 4.35 58.26 12.50 22.97 113
3 16.34 41.76 3.98 35.86 179
4 19.21 47.15 2.55 29.95 191
5 19.23 44.53 3.91 30.42 250
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Fig. 15 Grating-like structure on the sample surface
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Fig. 16 Reflectivity spectra of sample. (a) Incidence angle of light source is 45°; (b) incidence angle of light source is 60°
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