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In order to study the influence of laser processing parameters on the resulting color and a possible
connection of laser parameters, the heating process of the stainless steel in laser marking are simulated based on the
analytical results of temperature fields generated by nanosecond laser pulse marking on the surface of stainless steel.
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Experimental results indicate the reasonability of the heat analysis in this study. It is found that the influence of laser
OCIS codes 140.3390; 140.3538; 140.3540; 140.6810

process parameters on the resulting color are based on heat treatment, so the same color can be produced by different

sets of parameters. Besides, different types of heat input are changed by various laser parameters, which produce
different heat treatments. Accordingly, some colors can be marked only by specific sets of laser parameters.

laser technique; laser color marking; stainless steel; temperature field; process parameters
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Fig. 1 Schematic image of Gauss beam marking

on the surface of stainless steel
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Fig. 2 Spot size versus material position relative

Wi (z) =

to the focal point

Bl 2 J2 S IR R 1 0O 3 8 1L BE R/ o A s 9
FRAL A BE /N5 18 8 A X B 07 B A DG BRE R /N B R
g

TEA [F) B AR A ELATARCR AN 3 B S 181 3 A Yy
P ROCR A L X R 20 A 95 X5 () U OE
A BIRLEE S5 R BE R B9 SFT5 BS EE Y B Ve ST
PG . TR AT 1] R (AT R OR U IE B AR Y
A H TR X AR UESE A 2 SEBRER/ N A 9 45 2R

‘n“““
2 3
HEREEE

[ 3 G5 TR A [m) i £5 F T OB ST B 19306 280R
Fig. 3 Influence of material position relative to the

focal point on the obtained color
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Fig. 4 Marked color of different positions relative to the

focal point and its measured L* , a” , b data
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Table 1 Parameters used in simulations
Variable Unit Value
Laser efficiency A — 0.3
Thermal conductivity £ W/(m « K) 30
Thermal diffusivity a m®/s 3X10°°¢
Laser beam radius r m 2.5X107°
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Fig. 5 Heating-chilling temperature curve of single pulse
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Fig. 6 (a) Effect of current on the peak power and pulse width of laser pulse; (b) effect of Q release

on the peak power and pulse width of laser pulse
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Fig. 7 (a) Influence of current and Q release of the laser system on the color palette; (b) influence of

peak power and pulse width of the laser system on the color palette
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Fig. 8 Schematic diagram of laser pulse

marking processing
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Fig. 10 Influence of different hatching and scanning

speeds of the laser system on the color palette
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Table 2 Influence of different intervals of laser pulse on the obtained color

Std Speed /(mm /s) Frequency /kHz Peak power /kW Pluse width /ns Effect
1 400 80 3.98 46 -
2 600 120 3.98 46 i
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Table 3 Influence of different intervals of scanning of the

laser system on the color palette

Std Mode Time interval /s AE* Effect
1 Progresive scan 0 0 .
2 Progresive scan 10 0.76 -
3 Progresive scan 30 7.7 .
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Table 4 Colors obtained at various laser scan passes

Std Repetition Color Effect
1 One pass Green .
2 Two passes Red .
3 Three passes Blackish purple .

Blackish green .

4 Four passes
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