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Abstract According to the cleaning demand of cold rolled oil on DCO04 cold rolled strip surface, we use COMSOL
Multiphysics software to establish the temperature field distribution and oil stain removal process model of nanosecond
pulse laser cleaning oil stain on DCO04 cold rolled strip surface. The results show that when the spot radius is 80 pm and the
laser energy density reaches 3.48 J/cm®, the oil can be basically removed. Then, a nanosecond pulsed laser is used to
clean cold rolled oil on the surface of cold rolled strip steel. The results show that when the laser energy density exceeds
3.48 J/cm® and the laser spot overlap rate is 50%, the oil pollution can be removed, which is consistent with the
simulation results. In addition, the influence of laser spot overlap rate on laser cleaning effect is also studied. The results
show that the laser energy density should be increased to 4.47 J/cm” when the spot overlap rate is reduced to 37.5%.
Therefore, nanosecond pulsed laser can effectively clean the cold rolled oil on the surface of DC04 cold rolled strip without
causing obvious damage to the surface of the strip, which provides a reference for determining the process parameters of
nanosecond pulsed laser to clean other kinds of materials.
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Fig. 2 Model size and grid division of temperature field distribution

1 DCO4 B FLw WA FL M S PS40
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rolling oil"¥

DCO04  Cold rolling
Parameter

steel oil
Density /(kg/m*) 7860 900
Heat conductivity /(W-m™'"-K™") 52.00 0.15
Specific heat /(J-kg 'K ') 470 2000
Melting temperature /°C 1515 -5
Latent heat of evaporation /(kJ/kg) 6440 240
Boiling point /°C 2927 450~500
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Fig. 3 Surface temperature distribution of cold rolled steel plate under different single pulse energies. (a) E=0.4 mJ; (b) E=0.6 mJ;
() E=0.7 mJ; (d) E=0.8 mJ
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Fig. 4 Surface temperature variation curves of cold rolled steel

sheet under different laser single pulse energies
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Fig. 5 Temperature distribution of cold rolled steel sheet section under different single pulse energies. (a) E=0.4 mJ; (b) E=0.6 mJ;
(¢) E=0.7 mJ; (d) E=0.8 m]
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Fig. 7 Evaporative mass flow variation curves at oil-based

interface under different laser single pulse energies
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Fig. 8 Simulation results of oil pollution removal under different laser single pulse energies. (a) E=0.6 mJ; (b) E=0.7 mJ;
(c) E=0.8mJ
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Table 2 Technical parameters of nanosecond pulsed fiber laser

Parameter Value
Wavelength /nm 1064 /

Maximum average output power /W 200 3
Repetition rate /kHz 20~100 4, 1
Pulse width /ns 100
Maximum scanning speed /(mm-+s ') 10000
Spot diameter /pum 160 e
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Fig. 10 Schematic diagram of laser spot overlap
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Fig. 11 Surface of steel plate and water film covering after laser
cleaning under different laser single pulse energies.
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Fig. 12 Reflectivity test results after laser cleaning with
different laser single pulse energies. (a) E=0.6 mJ;
(b) E=0.7 mI; (¢c) E=0.8 mJ
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Fig. 13 Surface morphologies of substrate after laser cleaning with different laser single pulse energies. (a) E=0; (b) E=0. 6 mJ;
(¢c) E=0.7mJ; (d) E=0.8 mJ
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Table 3 Laser parameters for removing oil from cold rolled

strip surfaces

Scanning speed /  Line spacing /
Number Laser power /W & pacimg

(mm/s) mm
1 35 4000 0.08
2 40 4500 0.09
3 45 5000 0.10
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