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ABSTRACT: Traditional surface cleaning methods such as physical method, chemical method, etc., have various problems in
efficiency, damage, pollution, etc. The new laser cleaning technology can improve the performance on the basis of solving these
problems. However, the premise of achieving the above advantages is the use of appropriate laser process parameters. If the
parameters are not set up, it is impossible to remove pollutants and even damage components, so it is necessary to optimize the
parameters to reduce the impact of laser on the matrix. In order to determine the process parameters of laser cleaning 7050
aluminum alloy anodic oxide films. The surface of 7050 aluminum alloy after anodizing was cleaned by Gaussian pulse fiber
laser. The optimal parameters of removing anodized films were investigated by changing the laser power and scanning times.

Roughness measuring instrument, scanning electron microscope, friction and wear testing machine, white light interferometer,
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Vickers hardness tester, X-ray residual stress analyzer, electrochemical workstation and other instruments were used to analyze
and study the properties of different parameters after laser cleaning of aluminum alloy anodic oxide films. The experimental
results showed that the oxide film on the surface of the sample cleaned by reasonable laser parameters was completely removed,
and there was no obvious damage to the matrix. Only when the laser power reached the cleaning threshold for removing the
anodized film, could the anodized film be removed. When the cleaning threshold was not reached, the laser could only act on the
surface of the oxide film. Excessive cleaning would destroy the matrix. The sample performance of low power multiple scanning
was better than that of high power single scanning. At the same time, it was found that excessive laser scanning should be
avoided as far as possible in the process of laser cleaning, with a maximum of two scans and the power should be reduced. The
microhardness of the samples with the best single scan and the best double scans was increased to 182.86HV and 187.36HV,
respectively, which were increased by 7.9% and 10.6% compared with the matrix. The self-corrosion current density of the
samples with the best single scan and the best double scans was from 10™* to 107 relative to the matrix, and the difference
between the two was only 107°. The wear depth of the samples with the best single scan and the best double scans was reduced
by 6.3 um and 6.8 pm respectively, and the friction coefficient was less than 0.3. The wear mechanism of the samples before and
after laser cleaning was the mixed wear of abrasive wear, adhesive wear and oxidation wear, and the difference may lie in the
proportion of the three and the time and location of the occurrence. The cleaning threshold of 7050 aluminum alloy anodic oxide
films is between 150 W and 180 W, and the best parameter is 170 W scanning twice. Under suitable laser cleaning parameters,
the properties of the material are better than the matrix. The mechanism of Gauss pulse laser cleaning of 7050 aluminum alloy
anodic oxide films is mainly vibration mechanism, and ablation mechanism is auxiliary.

KEY WORDS: laser cleaning; aluminum alloy; anodic oxide film; process parameter optimization; performance study;
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Tab.1 Chemical composition of 7050 aluminum alloys
wt.%

Mg Cu Mn Si Cr Ti Zn Fe Al

27 1.52 0.17 028 022 0.1 559 031 Allowance

K1 7050 fR ARk (a) FIFRBSAALERER (b)) BIROUIE S

Fig.1 Microstructure of 7050 aluminum alloy matrix (a) and anodized sample (b)
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Fig.2 Schematic diagram of laser cleaning
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Tab.2 Main parameters of laser

Characteristic Value
Wavelength /nm 1 064
Maximum average power P/W 200
Pulse frequency F/kHz 10-4 000
Maximum pulse energy P./mlJ 1.8
Output spot size d/mm 4-6
Scan line width //mm 1-100
Laser pulse width w/ns 10-500

K3 HotETOLRE KR

Fig.3 Diagram of laser cleaning spot path
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Tab.3 Relevant parameters selected for laser cleaning

Parameter Value
Laser pulse width w/ns 500
Scan line width //mm 20
Repetition frequency f/kHz 110
Scanning speed v/(mm-s™") 2 000
Cleaning speed vy/(mm~min’1) 108
Power p/W 130, 150, 170, 180, 200
Scanning times 1,2,3
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Tab.4 Element content of sample after cleaning with
different power during scanning once

wt.%

Power/W C o Mg Al S Cu Zn
Matrix ~ 10.10  8.09 2.38 7256 — 1.72 5.14
Uncleaned 6.83 49.06 0.52 37.09 3.93 0.07 2.5
130 5.58 4893 0.46 38.12 4.13 0.14 2.49
150 5.51 47.68 0.54 39.53 4.01 0.17 2.55
170 5.94 15.62 178 69.19 0.84 1.40 5.23
180 446 9.05 224 76.10 0.64 1.67 5.84
200 6.38 12.78 2.05 71.24 030 1.53 5.39
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Tab.5 Element content of sample after cleaning with
different power during scanning twice

wt.%

Power/W C o Mg Al S Cu Zn
Matrix ~ 10.10 8.09 2.38 72.56 — 1.72 5.14
Uncleaned 6.83 49.06 0.52 37.09 3.93 0.07 2.5
130 5.23 48.65 0.43 38.83 4.12 0.18 2.55
150 5.84 4480 0.67 4199 3.63 031 2.75
170 496 7.02 2.09 78.20 047 1.61 5.64
180 4.01 13.61 2.26 72.47 0.65 1.57 543
200 4.75 12.61 2.35 72.79 027 1.74 5.49

x6 HAMIAKHARDXRBFREHERTERE
Tab.6 Element content of sample after cleaning with
different power during scanning three times

wt.%
Power/W C o Mg Al S Cu Zn
Matrix 10.10 8.09 238 7256 — 1.72 5.14
Uncleaned 6.83 49.06 0.52 37.09 393 0.07 2.5
130 5.14 48.84 0.50 38.84 4.15 0.16 2.38
150 5.47 4286 0.74 43.86 3.36 0.61 3.09
170 440 11.14 232 7427 0.58 1.60 5.69
180 390 14.82 2.73 7030 0.71 191 5.64
200 493 11.57 292 7153 0.19 2.28 6.29
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Fig.5 Comparison of oxygen content before and after laser
cleaning under each parameter
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and after laser cleaning under each parameter
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