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change of material surface is simulated and it is found that the pulse interval has little influence on the material
linear equation is established.
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Based on the mechanism of ablation, we study the quantitative removal of low thermal conductivity resin-
temperature change. The experiments of high repetition rate pulse laser ablating low thermal conductivity paint are

based paint with high repetition rate pulse laser. The selection of scanning mode of a two-dimensional galvanometer

system is studied, as well as the distribution characteristics of laser spots on material surface. The temperature
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carried out. The relation between the pulse number acting on paint surface and the ablation depth is linear, and a
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Fig. 1 Schematic of experimental setup for laser cleaning
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Fig. 3 Schematics of spatial distribution of laser spots. (a) Moving trail of laser spots; (b) schematic of laser spots overlap
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Fig. 4 Schematics of pulse laser act on paint surface. (a) Size parameters and coordinate direction of paint surface;

(b) temperature rise of paint surface
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Table 1 Thermo-physical properties of resin-based paint

Length X width X

Density / Thermal conductivity /  Specific heat capacity / Boiling Absorption
, . , ] - thickness /
(10* kgem™*) (Wem '+K™1) (10° Jekg 'eK™1) point /K coefficient
(mm>X mm X mm)
1.45 0.3 2.5 ~623 0.3 1X1X0.1
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Table 2 Parameters of high frequency nanosecond pulse laser

Laser power /W Repetition rate /kHz Pulse width /ns

Spot diameter /mm Energy distribution

Pulse number
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Fig. 5 Temperature elevation at the center of the spots

after two adjacent pulse lasers absorbed by the

paint (the initial temperature of paint is 293 K)
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Fig. 6 Diagram of pulse laser cleaning
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Table 3 Experimental scheme for removing paint by pulse laser

Pulse

Repetition

Number Laser power /W width /ns rate /kHz v, /(mmes ") dy /mm Spot diameter /mm
1-2¢ 30 200 30 400 0.013 0.05
1-3# 30 200 30 600 0.020 0.05
1-4 # 30 200 30 800 0.027 0.05
1-5% 30 200 30 1000 0.033 0.05
1-6 # 30 200 30 1200 0.040 0.05
1-7# 30 200 30 1400 0.047 0.05
1-8 ¢ 30 200 30 1600 0.053 0.05
1-9# 30 200 30 1800 0.060 0.05
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Fig. 8 Experimental results of ablation paint by laser
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Table 4 Pulse numbers applied to paint surface in pulse laser cleaning experiment
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Scanning range /

Pulse number in

Pulse number in Total number

Number
(mm X mm) x-direction y-direction of pulses
1-2% 450 462 207900
1-3% 300 300 90000
1-4% 225 222 49950
1-5% 180 182 32760
6 X6
1-6 % 150 150 22500
1-7# 129 128 16512
1-8% 113 113 12769
1-9% 100 100 10000
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Ablation depth /um

Scanning position /mm
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Fig. 9 Measured ablation depth at different scanning speeds. (a) Measured ablation depth;

(b) standard deviations of measured ablation depth
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Fig. 10 Relationship between pulse numbers acting on

paint surface and ablation depth of paint
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Fig. 11 Linear fitting results of pulse numbers acting on

paint surface and ablation depth of paint
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Table 5 Improved experimental scheme for removing paint by pulse laser
Laser Pulse Repetition Spot
Number v, /(mmes ) dy /mm
power /W width /ns rate /kHz diameter /mm

2-28 30 200 30 547 0.018 0.05
2-3% 30 200 30 586 0.02 0.05
2-48 30 200 30 636 0.02 0.05
2-58 30 200 30 700 0.023 0.05
2-6 # 30 200 30 789 0.026 0.05
2-78 30 200 30 923 0.031 0.05
2-8# 30 200 30 1161 0.039 0.05
2-98 30 200 30 1800 0.06 0.05
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Table 6 Pulse numbers applied to paint surface during pulse laser cleaning experiment

Scanning range /

Pulse number in

Pulse number in Total number

Number
(mm X mm) x-direction y-direction of pulses
2-2% 329 329 108241
2-3 % 307 307 94249
2-4 # 283 283 80089
2-5# 257 257 66049
6 X6
2-6# 228 228 51984
2-7# 195 195 38025
2-8 & 155 155 24025
2-9# 100 100 10000

K12 T2 %5

N TR S Ik et e A 25 B U4 8 1Y S 6 45 2R

Fig. 12 Experimental results of ablation with different numbers of laser pulse after process adjustment
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Fig. 13 Measured ablation depth at different scanning speeds after the process adjustment.

(a) Measured ablation depth; (b) standard deviation of test results
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paint surface and ablation depth of paint before
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