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Research on Laser Cleaning Mechanism and Process of Oxides After Welding
of 6061 Aluminum Alloy

LI Xiang, WANG Mingdi, GUO Minchao, TANG Zilin, LU Wenyuan, WANG Hao
(School of Mechanical and Electrical Engineering, Soochow University, Suzhou 215021, China)

Abstract: A nanosecond pulse laser is used to conduct laser cleaning experiments on the oxide after welding
of 6061 aluminum alloy. Firstly, This paper analyzes the surface morphology and elemental composition of
the solder joint before and after cleaning, and determines the composition of the oxide after welding.
Secondly, based on the influence of different process parameters on cleaning quality obtained from previous
experiments, orthogonal experiments are designed to delineate the range of each factor interval and analyze
the weight of the influence of parameters on cleaning quality.By using the orthogonal experimental method, it
is found that the order of parameters affecting the peak valley values of surface contour lines is: Laser power>
pulse frequency=>scanning speed>pulse width. The order of parameters that affect the weight percentage of o
element is: Pulse width™scanning speed>laser power=>pulse frequency. The optimal process parameter
group is obtained through the comprehensive balance method: Scanning speed, laser power, pulse
frequency, and pulse width are 2 950 mm/s, 141 W, 29 kHz, and 330 ns, respectively. The optimal
parameters can ensure thorough oxide cleaning, no substrate damage, and high cleaning efficiency of
aluminum alloy after welding.
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Table1 6061-T651 Mass fraction of elements in alumi-

num alloy profiles

Si Fe Cu Mn Mg Cr Ti Al

0.70 0.25 0.22 0.05 1.06 0.08 0.03 Bal
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AKX w o o o2 JPT & " YD-
FLP-200-MM-10-100-A A # S # , b0 B KA
1 064 nm, ~F- 1% i D 324 200 W, 5 Kbk of fig 1
10 mJ, ik w45 R 35 Bl A 16~2 000 kHz, ik 5 5
9 80~500 ns. WE T FIRE AT, 6k S T4
476 210 mm(BEFE) .
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Fig.1 Local weld spot of aluminum alloy
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Fig.2 Mass fraction of main elements in welding spot
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Table 2 EDS element mass fraction test results for weld

spots
Al O Mg Si Ca Else
54.2 38.7 6.4 0.3 0.2 0.2
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Fig.3 Micro-morphology of weld spot particles
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Fig.4 Three-dimensional morphology of weld spots at different parts
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Table 3 Level and parameters of orthogonal experiment

A/ Jik g A</ ik b v B/

AR (mmes ") WA/ W kHz ns
1 2 500 141 20 330
2 2 650 144 23 345
3 2 800 147 26 360
4 2 950 150 29 375

&F

P X IR A T R &7 LR A T YRR, S5 2 HE R K
2R 4 FE 5 PR o
®4 EXRBRHRER

Table 4 Arrangement and results of orthogonal test

e

2 E /Y
SEEy1 2500 141 20 330 5.8 13.5
Siy 2 2500 144 23 345 7.7 7.1
SHy3 0 2500 147 26 360 4.9 10.7
S:¥y 4 2500 150 29 375 5.1 6.6
S5 2650 141 23 360 10.3 17.2
S:¥y 6 2650 144 20 375 2.0 4.3
SIH7 0 2650 147 29 330 5.9 13.8
S:Hy 8 2650 150 26 345 4.3 4.4
S99 2800 141 26 375 12.2 3.5
SR 10 2800 144 20 360 3.7 3.0
SiEy 11 2800 147 29 345 1.0 1.1
SH 12 2800 150 23 330 4.5 6.9
SiH 13 2950 141 29 345 9.1 10.1
Si¥y 14 2950 144 26 330 7.1 17.4
SiHy 15 2950 147 23 375 4.3 5.6
SiHy 16 2950 150 20 360 5.5 8.2

B 5 £ ik I0 S 1 = e 5 BT

Fig.5 Three-dimensional profile of each group of test substrates
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Table 5 Average responsiveness and range of peak and valley values of surface profile

FAE H - N
FIH S/ (mmes™) %/ W ik g % /K Hz ik of 5 B /s
K, 5.875 9.350 3.575 6.100
K, 5.625 5.125 6.700 5.525
K, 5.350 4.025 7.125 5.825
FAE Y E2] ZA K, 6.500 4.850 5.950 5.900
W2 R 1.150 5.325 3.550 0.575
LS A4B1C3D1
R 2 PR B>C>A>D
K, 9.475 11.075 8.375 12.900
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K, 3.625 7.800 8.978 9.755
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Fig.6  Effect of optimized parameter group before and after

cleaning

(a) Before cleaning
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Fig.7 Metallographic comparison before and after welding

spot cleaning
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Fig.8 Comparison of 3D contours before and after cleaning
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Fig.9 Comparison of element mass fractions before and af-

ter cleaning in the optimization parameter group

x6 MUSHABTENEEELEZRESTH
Table 6 Mass fraction of main elements of optimization

parameter group before and after cleaning %

T 5 kY Al ¢) Mg
5 VR 56.7 38.3 3.9
AW 92.1 3.7 4.1
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