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Research on laser paint removing of aircraft surface

Jiang Yilan, Ye Yayun, Zhou Guorui, Wang Haijun, Liao Wei, Yuan Xiaodong, Jia Baoshen
(Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Laser cleaning technology, which is environment-friendly, has a wide range of application
prospects in remanufacturing, micro-mechanical system (MEMS) and ultra-precision machining. Laser
paint removing of aircraft surface is one of the important branches of the technology of laser cleaning. A
high repetition frequency CO, laser, with 10.6 wm wavelength, was used to remove paint, which was
double composite paint layer with thickness of 90 wm, from aircraft surface (LY12 aluminum plate). It is
shown that totally removed paint stripping and undamaged surface can be reached with selecting
appropriate laser power density, scanning distance, and scanning time, the double composite paint layer on
aircraft surface can be removed totally, the effect of paint removing on the tensile strength, yield strength,
Vickers hardness and roughness of the substrate is studied by the method of experimental contrast. It is
found that the mechanical properties of the aircraft surface did not change after the treatment of laser
paint removing. Aircraft laser paint removing has more predominance than traditional methods, such as
environmental protection without contact, high efficiency, parameters controlling, and low maintenance
cost and so on, it develops new directions for applications in other fields.
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Fig.1 Experimental configuration for laser paint removing
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Tab.1 Specific parameters of each experiment

Average power Peak power Scanning

niirrlil?(ler density density distance Sc:irrl:(ieng
/KW -cm~2 /KW -cm~2 /mm
1 11.5 46.2 0.2 7
2 13.1 43.8 0.2 7
3 14.7 42.1 0.2 7
4 15.4 40.6 0.2 2
5 16.1 40.2 0.2 2
6 16.1 40.2 0.1 1
7 13.1 43.8 0.1 2
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Fig.2 (a) Photograph of the aircraft surface and (b) the optics

microscope image of the paint layer
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Fig.3 Results of paint removing after treatment with different

power density
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Fig.4 With laser power density of 16.1 kW/cm?, scanning distance
of 0.2 mm, scanning twice (a) the imprint of spot stitching,
(b) the optics microscope image of the residual paint

at place of the spot stitching
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Fig.5 Result with laser power density of 16.1 kW/cm?, scanning

distance of 0.1 mm, and scanning one times
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Fig.6 Appearance of the marking words on the substrate after paint
removing with laser power density of 13.1 kW/cm?, scanning

distance of 0.1 mm, and scanning twice
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Fig.7 Optics microscope image of the interface for paint removing

and the original paint layer
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Fig.8 Optics microscope image of the paint removing totally and

the original anodic oxide coating
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Fig.9 Roughness of the paint removing and the original substrate
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Tab.2 Vickers hardness of paint removing and
original substrate

No. Original substrate  Laser paint removing
1 155.7 161.6
2 155.5 178.3
3 147.1 169.6
4 141.3 163.2
5 155.7 178.3
6 147.4 185.8
7 152.3 175.8
8 147.6 176.5
9 162.8 167.1
10 159.6 171.3
Standard deviation 6.588 7.562
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Fig.10 Vickers hardness of paint removing and original substrate
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Tab.3 Experimental data of the tensile strength and yield strength

Average tensile strength/MPa

Average yield strength/MPa

Before: laser Standard After_ laser Standard Before: laser Standard After_ laser Standard
paint L paint L paint L paint L
. deviation . deviation . deviation . deviation
removing removing removing removing
A
ircraft 461 1 458 0 337 1.53 330 4.95
surface
5 AN A BOCKRE N S BOL R BRI I A ERE 1=1e™, HMEMWILRE a~10°m™, %

It , CO, WOLERE A 24 1 CHLSE S
4 BRFVES

TEREAHOCRREE 52 B 7 v BT WL 31 ) B4 A
SRS POCERE R B ALRI AW 5 3R R
WOt 2 e, S T R AL HOL RE B, i A e
(L Dy A A4 T 948 = 1) 3 B8 I 1) T iy, P 28 S R AR X
TR D AR BRI AR R, Y=
TEWH T R X8 22 O RERE S, IR 3k B R 1
FERH AL RE £ TR 2= 2 B 0A , DT 2K 21 25 B3
RIRCR o BOGER B R b, o rb 2 T T s Al B
Ts Al R4 F 50,

T 2(1—KR)F \ /?Tt )

Ao (1-R) 2 R HRHEOE R F o 3306
R K NG T a=K/ pC, SRR B, p Ty b1
BHEEE | C, ARG 8 S s t 2O E I a] o)
BLAIE R 102em¥s, S5 AL LK — A Pk OB G 1E
FHES ] t=0.15 s, B8 T 2 28 6O I MR
9 1,K=0.3W-m=- K™ 3E it A (1) A5 2128 LA
S Ts~1648 C,iZiEEC R LLMERERL, X
X TR S, X 10.6 wm BOE R W I A
0.019, K It , MM Z W HOL LR Z )5, TR B0k
IR SR R A S5 R R R E TSR 2
BRI 2 Ah SR B AT 0 AR e, BT ABOG S AR
ZJa A AR AT H IRPER A

F 0 Z X WK 10.6 wm A 0O 5 20 0
P HOEAE R ZE RN ZE B IR d 5ok 1 i

JETEMER)Z P 2R B R HALANROR i il 3
JZE R AR DAL, 7 O AR BT A48 7 T
JERRZE, FR 0L R b T 3K B A S
FAR i VL 5 B0 T2 Wik 8] e A AR S, 52 FRR
Be , T He KAE RIS, (045 T 2 i v o 256
FHA 2 R D 90 wm, 8 IR 7 4 3 Tl ) O PR
AN BE— T a5 i 1T % V2= R 48 I3 LR AR R
B EHOCHERTS , WIRBEBE, & A B
W, 3 5 S AR S BT UL B A TR R e s L AR
JEA IR IREZ T X — G LA & /Y, BT, Jd i
WG M EOCERE S, RE R I R Z 5¢
AR AR

5 & it

L LTk, TRALEE RO AR R O Uk
BARP ) —AEE G, A ET TR S, S
EEXE 1.01 mm JERY CHLEE J (LY 12 $5 4 Sk ) L)
90 pm ERMZE A E)Z, RHEEM CO, Mot
i, I VPR A TS M FE R EE O e B K
UOBL, LT R RS2 R 2% 10 7 J2 R 2 o8 A 2
Bk, 38 i %G BRE S A9 RHLSE Bz AL R AR 1 BE A
SRR LR IEAT TALREFE BrhismE | iism DL 2
i PR BB A i A Bt e 2 B, OB BRI 598 &R
SN HE I B, R S H Sy 2R b RE R ]
REIE 24 i R A, JF X BOGRRE AL ES T T
M, A TR & BT A B E S S B
SMEE AW A, (B U 5T A A AR £ 1 1)
A R A DR (L ARS8 AN o o SR AR R 56 ) ) | 34

1206003-6


http://www.irla.cn

oGk AR

% 12 www.irla.cn % 4T %
FHEPFATREVR TAE, [9] Rode AV, Freeman D, Baldwin K G H, et al. Scanning the
laser beam for ultrafast pulse laser cleaning of paint [J].

S 3k Applied Physics A, 2008, 93: 135-139.

[1] Song F, Liu S J, Zou W F. Laser cleaning removal of rust [10] Francois B, Dutouquet C, Guern F L, et al. Laser fluence,
and paint [J]. Cleaning World, 2005, 21(11): 38-41. Repetition rate and pulse duration effects on paint ablation

[2] Yang Guang, Liu Huanhuan, Zhou Jiaping, et al. Research [J]. Applied Surface Science, 2006, 252: 2131-2138.
on laser deposition repair aircraft vertical tail beam [J]. [11] Chen G X, Kwee T J, Tank P, et al. Laser cleaning of steel
Infrared and Laser Engineering, 2017, 46(2): 0206004. (in for paint removal [J]. Applied Physics A, 2010, 101: 249-
Chinese) 253.

[3] He Nai, Lei Junzhi, Hua Xinhao. Aircraft Coating and [12] Xuan Shanyong. Study on laser paint stripping technology for
Application Techiques [M]. Beijing: Chemical Industry Press, aircraft  composite  parts  [J].  Aviation  Maintenance
2000. (in Chinese) Engineering, 2016(8): 15-18. (in Chinese)

[4] Li Lin, Zu Daogi. Research on the maintenance technology [13] Wang Zhenbao, Wu Yong, Yang Pengling. et al. Numerical
of the aluminum paint removing for warship [J]. China simulation and experiment on temperature fields distribution
Shiprepair, 2015, 28(5): 13-18. (in Chinese) of aluminum target under intensive laser [J]. Infrared and

[5] Kim T, Lww J M, Cho S H, et al. Acoustic emission Laser Engineering, 2014, 43(7): 2061-2065. (in Chinese)
monitoring during laser shock cleaning of silicon wafers [J]. [14] Pan Qikun, Xie Jijiang, Ruan Peng, et al. Output performance
Optics and Laser in Engineering, 2005, 43(9): 1010-1020. of acousto-optic Q -switched CO, laser [J]. Chinese Optics,

[6] Hou Suxia, Luo Jijun, Xu Jun, et al. Laser cleaning 2012, 5(3): 283-288. (in Chinese)
technology application of military equipment [J]. Infrared [15] Wu Dongjiang, Xu Yuan, Wang Xuyue, et al. Experimental
and Laser Engineering, 2007, 36(S): 357-360. (in Chinese) and theoretical study on laser cleaning AlLO; particle on

[71 Wang Deliang, Feng Guoying, Deng Guoliang, et al. Study silicon wafer surface [J]. Optics and Precision Engineering,
of mechanism on laser paint removal based on the 2006, 14(5): 764-770. (in Chinese)
morphology and element composition of ejected particle [J]. [16] Watkins K G, Curran C, Lee J M. Two new mechanisms for
Chinese Journal of Lasers, 2015, 42 (10): 1003007. (in laser cleaning using Nd: YAG sources [J]. Journal of
Chinese) Cultural Heritage, 2003, 4(S1): 59-64.

[8] Zhang Heng, Liu Weiwei, Dong Yazhou, et al. Experimental [17] Qiao Hongchao, Zhao Yixiang, Zhao Jibin, et al. Effect of

and Mechanism Research on Paint Removal with Low
Frequency YAG Pulsed Laser [J]. Laser and Optoelectronics

Progress, 2013, 50(12): 121401. (in Chinese)

1206003-7

laser peening on microstructures and properties of TiAl alloy
[J]. Optics and Precision Engineering, 2014, 22(7): 1766-
1773. (in Chinese)


http://www.irla.cn

