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Yang Le"*’, Ning Lichuan"*”, Liu Jinbo"**', Yang Jintang"*’
'Key Laboratory of Metallurgical Equipment and Control of Ministry of Education
(Wuhan University of Science and Technology), Hubei 430081, Wuhan, China;

*Hubei Provincial Key Laboratory of Mechanical Transmission and Manufacturing Engineering
(Wuhan University of Science and Technology), Hubei 430081, Wuhan, China;
‘Precision Manufacturing Research Institute, Wuhan University of Science and Technology,
Hubei 430081, Wuhan, China;

‘Guangdong Zhongnan Iron & Steel Co., Ltd., Shaoguan 512123, Guangdong, China

Abstract By using COMSOL Multiphysics software to simulate a high-power mobile laser cleaning experimental
platform with wavelength of 1064 nm, repetition rate of 20-100 kHz and power of 1000 W, visualized analysis of the laser
cleaning process is carried out. The effects of the peak power density and cleaning speed on the changes of the temperature
field and erosion morphology of the pollutant layer and substrate are investigated. To validate the findings, scanning electron
microscope and roughness testers are utilized to study the laser cleaning effects under different peak power densities and
overlapping ratios. The results show that with the increase of the laser cleaning time, the temperature variation during the
laser cleaning process on the rust layer followed Gaussian distribution. The theoretical cleaning threshold and damage
threshold for cleaning 45-grade steel found to be 1.9X 10" W/cm® and 10.0X 10" W/cm®, respectively. Within these
thresholds, the cleaning efficiency and the cleaning effect improved with an appropriate reduction of the cleaning speed as
the peak power density increased. The best cleaning effect achieved with peak power density of 6. 0X 10" W/cm?, cleaning
speed of 300 mm/s and corresponding overlap ratio of 70%. These findings are significant for enabling the industrial
parameterization of kilowatt-level laser cleaning experiments.
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Fig. 3 Evolution of laser cleaning temperature field and isotherm during laser cleaning (P=1000 W, D=800 um, V=0)
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Fig. 4 Transverse and longitudinal temperature field changes during laser cleaning
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Table 1 Main parameters of the JZ-1000W pulsed laser

Parameter Value
Laser type Pulse
Laser wavelength /nm 1064
Power regulation range /W 100-1000
Single pulse width /ns 300
Laser repetition frequency /kHz 10
Laser scanning speed /(mm/s) Adjustable
Laser spot diameter /mm 0.8
Operating distance /mm 150/200/250/300
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Fig. 11 Field experimental devices and effect of different areas of lining plate before and after cleaning. (a)-(b) Field experimental

device; (¢)-(d) effect of different areas of lining plate before and after cleaning
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Fig. 12 SEM at different lap rates with a peak power density of 6. 0X 10" W/cm®. (a) 50%; (b) 60%; (¢) 70%; (d) 80%
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cleaning with a lap rate of 70%

W 14 BT 7R, AN [ 3806 6 (8 ) 32 %% B 1 T BE R TR
JEE 75 Ak 1 47 L5 S 56 2 5 AT ) b A AL, R R
Tk B XoF I 14 T YA B R A58 405 B X ) 5 A A (] E
T ECRL A R SO PR 9 SEBR N VR A
2.08X10" W/cm?”, I YE I {E 1. 90X 10" W /em”?,
IS ASE UG J3 R 91, 3% o I e 11 52 B i 405 180 41
10.4X 10" W /em?, #4405 B {624 10. 0X 10" W /em®,
I IR ADUORS B R 96. 204 o 8 ik S 46 A BN X LG A3
BT AR R IR 22 /N T 10 %6, AT LR UE ARS8 A ofe e 1

3500k damage threshold
cle. mm ' threshold
3000- o i
S ! !
E%m ! —— simulation '
ol : ol
g 2000} . experiment |
2 s
£ 1500 i? '
ﬁ '|
1000f : :
500r : '
0 3 6 9 12 15

Peak power density /(10”7 W/em?)

A TR SO W {1 2y 25 5 52 T Ik 13 R 728 A 1) 075 A5 S X L

Fig. 14 Simulation and experiment comparison of temperature and depth changes at different laser peak power densities

0914004-9



F61EFIH/2024 FE5 B/BAERBEFEHRHRE

4 2 s

F] I COMSOL Multiphysics % £ B [ 14 {4 B4 1
I U R, g Sr T LA 5o EEIE W g it ~F
TH 72 AL T OGS VR 45 B R S E R AR L T
O T Ve I R TP AR DG S B00 e Tl T R AR Ak B B2
M) KA, F3 ok SEM RN 3 T RS B SO0 A 4005 (B i 4T
TR RIE S LR RS

1) BOGH AR R . V5 Y 2 IR BE % B ik s [
BT s P R R AR Y Y R M G AR R
AR Y OGBE E A2 800 pm LTI F A 1000 W I,
I I JEE Y B % A 5 v S a0 A, O 1) L B 6 ol U
IS W B AR O T SR . 3 TR 0 B S ) AS D AR
Ak, 245 PR FE N O B, R B2 il 356 A T AS W I e, e okt
B B R T8 VR 8] A 60 mis B 38 31 i KA (842. 3 pm) .

2) WO Ve B B . B VR — L BEE
W /] Ty 56 28 B8 (1) /R T 388 n 5 R T BE S T T o, L 3k
245 2 AR E (3300 K 2247 ) 5 T 5 408 b 38 88 AN I i
K, Z 253 pm; B BE B R B 7 ) AN Wi K R #
HIE S, W IR N 6. 0X 10" W/em” i 75 PR 3R
FVROR S o W{ T) 5 2 B — i A, ol o o 1 42
1R Tk B R e T A T SR i AR AU 2% | T PERCR
P HACRAE 22 0 MBSO R EE S 300 mm/s .
Xof R 5 5% R 70 %6 I T VR AR AR R

3) MUE(H I FRBEE J 6. 0X 10" W/em’ i, fi & 15
R T, SEM i 7 2% T 480 Ak 5S4 Dol L T AS T 0
A MR 7090 B, T R IR RN 2 2
BT bR U DERICR e fE s Y A8 e R gk 2 1 K, R R
AEE oL T4 b, JE BRI SR E
ZRNWEIN . MR 70 % W, Bl 25 06 (8 Th F 5% 1Y
B, 2% MR B R, AN W/ 2 0 ) R RN
6.0X 10" W/cm® B} , 3 1l #H K& B 8 3] & £ (R=
0.756) , 24 W Ty 5 9% Ji 4k 22 34 8 b 3k 14 48 05 10
1B, 3% TDHLRE B AN s T, T AR 32 BB IR

& % X #t

(1] Fdef, BLee, w4y BotH ok L 2m e RHRS
JRER[T] BB, 2000, 24(2): 68-73.
Wang Z M, Zeng X Y, Huang W L. Status and prospect
of laser cleaning procedure[J]. Laser Technology, 2000,
24(2): 68-73.

[2] Klein S, Hildenhagen J, et al.
Discoloration of marble during laser cleaning by Nd:

Fekrsanati F,

YAG laser wavelengths[J]. Applied Surface Science,
2001, 171(3/4): 242-251.

[3] WiEJe, HE, BRiE . Tl Sk ny 8Os il v s AR [T,
HOL 5 ed FoEk R, 2018, 55(3): 030005,
Lei Z L, Tian Z, Chen Y B. Laser cleaning technology
in industrial fields[J]. Laser & Optoelectronics Progress,
2018, 55(3): 030005.

[4] EWAR, R, ST, 55 WOGBEEE B B BT 5T kR

(8]

(9]

(10]

[11]

(12]

[13]

[14]

0914004-10

(7] WOL 5 e F 2=, 2020, 57(5): 050005.

Wang X D, YulJ, Mo Z Q, et al. Research progress on
laser paint stripping technology[J]. Laser &. Optoelectronics
Progress, 2020, 57(5): 050005.

Ali S N, Taha Z A, Mansour T S. Laser cleaning using
Q-switched Nd: YAG laser of low carbon steel alloys[J].
Advances in Condensed Matter Physics, 2014, 2014: 1-6.
Chan S N, Wong W Y, Walvekar R, et al. Parametric
optimization of pulsed laser ablation on stainless steel for
improving corrosion resistance by Taguchi method[J].
Materials Research Express, 2018, 6(2): 026533.
XK, W E Y, XBE L, A R ICIE R S OB BR %
B 5 00 B 5 S s S 0] #OEH AR, 2016, 40(2):
274-279.

LiuCF, Feng GY, Deng G L, et al. Temperature field
analysis and experiment study about paint irradiated by
moving laser based on FEMI[J].
2016, 40(2): 274-279.

EIWeA, AR, WL, A5 R A koo 20 ik 43 s /R
Tt P e K5 (ELASEALALT). [0, 2017, 44(4): 0402001,
Yan X D, Ren N, Tang F L, et al. Numerical simulation
of movable nanosecond pulse laser etching of metal/
polyimide[J]. Chinese Journal of Lasers, 2017, 44(4):
0402001.

ELIE, R, INE, AE ORI RS B2
EFENS REESIT] P EBOE, 2019, 46(5): 0502002,

Gao L Y, ZhouJ Z, Sun Q, et al. Numerical simulation

Laser Technology,

and surface morphology of laser-cleaned aluminum alloy
paint layer[J]. Chinese Journal of Lasers, 2019, 46(5):
0502002.

ERJRRE , ARIELL . Bk o OGRS T 2O 5ET] IR0
2013, 33(4): 416-420.

Qiu Z B, Zhu H H. Process parameter study on the
removing rust using pulsed laser[J]. Applied Laser,
2013, 33(4): 416-420.

WZRIE R4 A, R SCHR, 45 OB U AL R SR TR
AT BRIT A0 BT K if i [T, A v B R 22 4, 1996, 24
(6): 50-53.

Tan D H, Lu D S, Song W D, et al. A finite element
analysis of the temperature distribution on a substrate
surface during laser cleaning[J]. Journal of Huazhong
University of Science and Technology, 1996, 24(6): 50-53.
TRARHE | Bl 25, ROCHR, & . EZr T 06 B HWE Uit )1
F g A SE B 72 [T]. BotEAR , 1995, 19(5): 319-320.
Tan D H, LuD S, Song W D, et al. Experiment studies
of excimer laser cleaning of grease-contaminated Si
substrate[J]. Laser Technology, 1995, 19(5): 319-320.
INDEAR, TRAR, AZBRAR , A5 e TR N T T S R T RS
T2 0 A T A IR SOOI Uk L2 S U AT O
2022, 49(22): 2202001.

Sun X W, Zhang Z, Yang H R, et al. Optimization of
laser cleaning process parameters of oil pipe threads
based on response surface method and particle swarm
optimization[J]. Chinese Journal of Lasers, 2022, 49(22):
2202001.

EEA, B, REPE, S A OB U R w5
I RAE LA ]. SO, 2022, 49(8): 0802005.



F61EFIH/2024 FE5 B/BAERBEFFEHRHRE

Wang C S, Wang H X, Xu H Y, et al. Quality
analysis and online evaluation of axle surface after
laser cleaning[J]. Chinese Journal of Lasers, 2022, 49
(8): 0802005.

B, VA, EARRR, S5 . AR K s T VR 1 4
BEXT TCA BR A 4 32 T 010 IR0 Uk Jo 4 4 5% i [T, v 1]
ok, 2023, 50(4): 0402020.

Liao D S, Wang Q, Wang F S, et al. Effect of
nanosecond pulsed laser cleaning scanning speed on
cleaning quality of oxide films on TC4 titanium alloy
surface[J]. Chinese Journal of Lasers, 2023, 50(4): 0402020.
XUHR ., sRERHE, A0, S WOLTEUE T 23800 TC4
PR a R TR R R e T]. o EEOL, 2023, 50(4): 101-
109.

Liu W J, Zhang M Q, Li Q, et al. Effect of laser
cleaning process parameters on surface paint removal of
TC4 titanium alloy[J]. Chinese Journal of Lasers, 2023,
50(4): 101-109.

[17]

(18]

[19]

[20]

0914004-11

Zhu G D, Wang S R, Cheng W, et al. Corrosion and
wear performance of aircraft skin after laser cleaning[J].
Optics &. Laser Technology, 2020, 132: 106475.

A . WG BRGS0 B AR 52 R iR A R [D] K
MR, 2014.

Li W. Mechanism research and equipment development of
laser cleaning corrosion[D]. Tianjin: Nankai University,
2014.

W, W, S, AR LS RO R B
AWFFElI] AN S HOE TR, 2018, 47(12): 29-35.

Jiang Y L, Ye Y Y, Zhou G R, et al. Research on laser
paint removing of aircraft surface[J]. Infrared and Laser
Engineering, 2018, 47(12): 29-35.

WEEBA, AEME, Z54E, . 1064 nm i L2806 BR B BF ST
U1 s EBOE, 2012, 39(9): 0903001,

Shi S D, Du P, Li W, et al. Research on paint removal
with 1064 nm quasi-continuous-wave laser[J]. Chinese
Journal of Lasers, 2012, 39(9): 0903001.



	1　引言
	2　数值模拟
	2.1　激光清洗模型的建立
	2.2　清洗过程演变

	2.2.1　温度场的演变
	2.2.2　清洗深度和宽度的演变
	2.3　激光峰值功率密度对激光除锈的影响
	2.4　激光移动速度对激光除锈的影响

	2.4.1　对搭接形貌的影响
	2.4.2　对基底和锈层温度场和清洗深度的影响
	3　实验验证
	3.1　实验材料与方法
	3.2　实验结果及分析

	4　结论

