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Numerical simulation and experimental study on laser
cleaning of 5083 aluminum alloy surface paint layer

WAN Lei, WANG Yu-guang,ZUO Xiao-yan,CHANG Cheng-jun,ZHANG Chi, WANG Jun
(School of Mechanical Engineering and Automation, Wuhan Textile University, Wuhan 430200, China)

Abstract : In order to explore the influence of different power lasers on the temperature field distribution and cleaning
depth of the aluminum alloy surface paint layer,as well as the effect of the spot overlap rate on the cleaning effect,the
COMSOL multiphysics software is used to establish a numerical model of 5083 aluminum alloy surface paint layer with
fiber pulse laser cleaning. Finally, the laser powers that can not only prevent the substrate surface from being dam-
aged , but also make the coating material completely removed , as well as the spot lap ratio that can obtain good cleaning
effect ,are verified by experiments. The results show that when the laser repetition frequency is 100 kHz, the greater
the laser power,the faster the temperature of the sample surface rises,and the ablation depth also increases. When the
laser power of 30 W can basically ensure that the paint layer is removed without damaging the surface of the substrate
and the ablation depth of the substrate material is 10 wm. Under the experimental parameters with laser power of 30 W
and spot overlap rate of 50 % , the sample surface roughness is reduced to 4.48 wm before cleaning. Thus, a good
cleaning effect without damaging the aluminum alloy substrate can be obtained. The experimental results can provide a
reference for the selection of process parameters of fiber pulse laser cleaning.
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Tab. 1 Thermophysical parameters of Acrylic
Polyurethane and 5083 aluminum alloy

Acrylic 5083
Parameter .
polyurethane aluminum alloy

Density/ (kg + m~3) 1062 2680

Specific heat/(J/ (kg - C)) 2152.8 947

Heat conductivity/ ( W/ (m - K) ) 0.192 156
Melting point/°C 125 570 ~ 640

Boiling point/C 141.5
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Tab. 2 Technical parameters of laser cleaning

equipment
Parameter Value
Wavelength/nm 1064
Laser power/W <100
Pluse width/ns 100
Frequency/kHz <100
Scan speed/ (mm/s) <8000
Spot diameter/mm 50
Spot shape Circle
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Fig. 11 EMPA of aluminum alloy substrate surface

after melt laser cleaning
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Fig. 12 Morphology of aluminum alloy substrate surface cleaned

(d 40 W

by laser with different power
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Tab. 3 Surface roughness of substrate before and

after laser cleaning with different power

Laser power/W 10 20 30 40

Surface roughness before cleaning/pm| 7.56 | 6.64 | 7.32 |7.96

Surface roughness after cleaning/pm | 8.32 | 5.56 | 4.48 |9.57

AP 13 ] DUE Y, BER HOE D R K, 1K
R I RS 2 52 B ol 5 38 R A2 i 3
X T R RE N O AP R D AEOR

D B A Jik b BE R R L R . Y OB T RO
10 Witk #OEBEA il & B4R & e 2R 10, Ot
AUHLAETR 2 PR T b ik — A KL o, 3R
TR 2 1T ) RELRES B2 5 OR 30 R A T 8 s 438016 20
2320 W IR, FOCHIGFbe b 2 AR S 00, SR K
R RFEEA e ihsn R (B 2R DV
FEMSE B TERR & G SE RS T , Mg R 2 B80R 3 1t
BHIG; MBOETIR R 30 W B, B2 MR E 258 29
Beft T, HAE S0 % MOEBERHEART , i THOLEE
B I AR R R T BERO 8 B Y b s 24
10 pum (YJREIE 7 BHOEI) R BB T, bbb i
T , MR BE I8 B S I MO TR 40 Wi,
AMUEEM e iR R, i T80 & S 2R R R
IR S Z PR IR A 2RO, BOLIE R 2
Pei e 2 5 ZRIIRERTE 50 % I JCREFE AR T
B RS T, A SR THIT4h 1 BUG B L4
HOEHEEARIE/NT 50 pm, § 45 S S AR M PR,
LB BE B M3 fin 21 e s

10 ———e——— Surface roughness (before cieaning)
-~ A----- Surface roughness (after <:icaning)A
9 - /
8| A ;
ETE ‘\’/.//’
56 S /
£ =
o0
Rl L
g, 0 -
€4
=
N
1+
1 | | |
0 10 20 30 40

Laser power/W
P13 AN[A) B A OGS BRI S S0 2 T LA 13
Fig. 13 Surface roughness of substrate before and

after laser cleaning with different power
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