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Abstract

important applications in paint removal. The removal of paint from steel substrate with a 1064 nm acoustic optical Q-

As an environment-friendly low energy-consumptional green cleaning method, laser cleaning has

switched quasi-continuous-wave Nd: YAG laser is reported. The influences of laser peak power density on the cleaning
result and substrate damage are investigated by numerical simulations and experiments. And the effect of the overlap
ratio of laser spots on the cleaning result is investigated. The results show that, during the process of steel substrate
paint stripping, the effective mechanism is vibration effect under the condition of threshold cleaning, and it is the
combination of vibration effect and ablation effect under the condition of damage cleaning. For the paint with a
thickness of 50 ym on the steel substrate, average power of 20 W and more than 80% overlap ratio of laser spot are
effective to remove the paint while keeping the substrate undamaged. With the increase of laser power, repetition
rate and the radius of laser spot, the cleaning efficiency increases and the cleaning becomes more effective.

)

Key words laser technique; laser application; paint removal; laser cleaning; quasi-continuous-wave Nd: YAG laser
OCIS codes 140.3330; 140.3390; 160.3900; 350.3390
18 F KRBT Ve ST B 26 P . R0 Tl o

O T 2 AR BT % BT BEBOR L B IR
B3 EHE T T Y A A Ol e
SCH AR R RGBT e Ay T
IS TARGF AR . B WOLH R R & L HOL
for IO PEBEAS BT 3 T € B4 65 SO I8 UESOR I A 1E

W EE:
E€WAH:
EEE e
SIE A R 11967
I HF5E . E-mail: fsong@nankai. edu. cn

2012-02-24; WEMEM A A HE: 2012-05-25

[ 57 L Al BB CA1120110023) ¥ Bl it i .
i A< (1973, B g Ak, EE N B K OB FERSE A9 5T . E-mail. stonlek@ gmail. com
DRI N A et I S VNN ok DA SV I o v S A R N

JE R AR BT B B AN W SR A R B A Bk
0 T I U L PR RO R AT
B R LR G BRI R 2~3 4R
X B i O 3R BUAE A 2 I O K i BUOBUZ 2 4
HATE &84T 7 O L BR CHURRIA 2 1 3 )2 1

0903001-1



H |

# ot

W A G B T e LR A A% 1R i B
PR3 HT . Watkins 55 BF 58 N 0 OB o b 32 %
A T PR AT P 2 0 ke | PR KA T B9 4R B0 4 S Rl AL
B, Michel 5 BF 58 A OG5 Ve P AE JHHLEL S
POEIMOAH 5% 3% T 38 WA o IA ML O 32 2L
R W WA J5 b B AL R T AR AL (EL ) T B
VR b g MLEOE B WA e . S e AE
170 SRR BB () 150 3 S OB 47 HLBL I B 5
B34 X GABR T 38 = %k T B 2 8 7Y K ot
AR P LA R 58 5 458 3 BIL FHL R 328 )2 5 4 25 B3R A AU
BT . XA B AEE ek 8 A0 Ik v 80T 76 61 RE 26 B
SR IR R BEAT T ARSI+ ELS T ik s SO 3 B
ZER I3 B A BEAT LR G T T 4R S ik e
WOLTE Y DX IR 47 TR BB S R B R T
PR T B BE R BETE Z 20 RS IE .

ASCWFFE T SO vE R 2 R i
PERIPLEL , LK 0O/ W (] D) 50 5 JBE A1l 1 4 R 45 R
R DA 2 X 4 R R R A BRI RCR IR R . B X Tl
PREEMOCTE T e £ 7 06 Q MEIEZE Nd: YAG 3
e A D i BE G IR BE AT O BR B T T H R O A
{14 fok of B SRR 1T B 2% BL A Tb 2% . T S BT
FULRK vy iy o [ iF AT AT O 21 4% B #2407 L f
T . BT A1 TR L K o T 06 I {H )
SR TR i 5 1 3 X0 R AR AN BRI 1
ZE9E S A I H BRSNS
M2 ME.

2 WOLERER B

PO BRI S B _E R A O 5 3 2 AL R Y
HHEAE P IR T2 5 40 T A5 DU ARG B ) s e i
JRRACE I LR R . BOLERE 32 A LA
LA L APy AR W A T B YT R
ot L IF 9% 22 0 Y 0 Sl B B8 0 O i i TR
JZ T U 114 3k B2 T s A O Ik i 245 AR [ kL
FIF 1) A R ) A K R v TS A 2 3 B0 2 AR R
9 45 45 Ak 7 B 10 3 4R ) o e AR B 7 o 33 )2 I S
B B BLAR s B T I S A 2 9% T O PO fiE i
B2 I S R R A L T A A R 2
A LBRI LS

X P 50 R 11 ) LS TR SO T A ) B
PV B Bt 2 7= A i 3 R T AR A R AN 1 s
BRI AR AR R L = = 0 Ab BT O 8 B2 5 < i 2 I
% M e, R R BRI R O L, B R 5 R
MR = = Lo R AR L 3 38 KT HOE Y IR

W BE 1/ o B RGER r TT LN r = R,

2

laser beam

paint coating

L

substrate
I R
Bl 1 BRZ-FIRGH LR R

Fig. 1 Schematic diagram of painting-substrate

and coordinate system
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Table 1 Cleaning effects with different laser peak

power densities

Average  Laser peak
power / power density /

w (10° W/em*)

Experimental results

Paint layer is separated

13.5 5.31 but not removed
18.9 7.43 Paint layer is partly removed
Paint layer is cracked and
24.6 9.67 fragments are ejected. Metal
substrate is damaged unobviously
Paint layer is removed fully. Metal
29.6 11.64 substrate is damaged obviously
356 14. 0 Damage of metal substrate
is increased
Metal substrate is damaged
40.0 15.73 obviously. Reticulate

concaves appear
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Fig.5 Micro-structure of sample surfaces after laser irradiation with different peak power densities.

(a) 5.31X10° W/cm®; (b) 7.43X10° W/cm”; (o) 11.64X10° W/cm®
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Fig. 6

(a) Temperature distribution under the cleaning threshold condition; (b) temperature distribution under the

substrate damage condition; (c¢) stress distribution under the cleaning threchold condition; (d) stress distribution

under the substrate damage condition
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Table 2 Effect of paint removal at different

scanning speeds

Scanning Overlap
) Experimental results
speed /(em/s) ratio /%
1. 88 62 Stripe of residual paint is obvious
1. 39 73 Paint layer is removed basically
Pain layer is removed fully,
0.76 86 . ,
damage of substrate is unobvious
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