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Effect of defocus on damage characteristics of
laser paint removal on aluminum alloy surface
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Abstract: When aircraft laser paint is removed , the aluminum alloy substrate protection and paint removal efficiency
are closely related to the material damage threshold,and the change of the laser defocus will directly change the mate-
rial damage threshold and the paint removal efficiency. The ISO 11254 1-on-1 laser damage threshold test method is a-
dopted to study the damage threshold of aluminum alloy and paint at different defocusing amounts. The two-dimension-
al and three-dimensional morphologies of the laser single pulse spot are analyzed , and the theoretical value and the ac-
tual value are compared. The diameter and depth of the damage craters at different defocusing amounts were veri-
fied. The results show that with the increase of the laser defocus,the spot area increases while the material damage
threshold decreases,which can effectively improve the energy utilization and paint removal efficiency. The actual single
pulse action of the material crater depth decreases with the increase of the defocus,and the area increases. The theo-
retical and measured values of crater depth, crater diameter show a good correlation,and the errors are explained from
the perspective of the action mechanism of laser materials.

Keywords :laser paint removal ; defocus ; damage threshold ; damage crater morphology

E€W A WNARHEGTR T H (No. 2021 YFSY0025,2019YFGO311 ) ; v [ R F it 25 RAT# B BHUF Bk 45 (No. J2019 - 078,
BJ2016 -02) ; [ & ML As €A T B AR 55 1L 5 A8 3 4: 350 H (No. CJ2019 - 03) ; o [= [ FH i s KA T24BE B
FIUH (No. 2J2021 — 04) 5 BF 58 A= BB QI 37 5k 45 50 H (No. X2021 — 6) 5 K 2% A8 A1 3 A b Y1l 25 31 ) 50 H
( No. S202010624080 ) % B

YEB BN AHSCEE (1979 —) B #0024, FENFHOCH GE4E BT E-mail: ywfeyy@ 163. com

WBIWEE 4 (1988 - ), 55, B2, Wi, FBNFALE B A RMERE 50 TS . E-mail ; zlishaolong@ 163. com

W FE B #A3:2021-06-13



850 5 RS AN

w52 %

1 3 &

BOCIE VR AR IR IT 10 4Pk 6 & 2 1) —Fhopr
RUEVRROR , H G BEAE T e 25 B A bk P o' e
SR A TR TS G Wk R S Ak 28R ik Bl R
W12 T AR A 7 b R A T S, L R
M2 BB AGE JRAERIEE Y LR R
FREE PR R 23T, HAE CHLBRER L R
DMFEPRIEA I 48 & 4 3R R T3 T, B PR AL
BT BT T a2 RS o BlE PO ERR R nT AT
A RCERR BN Z ], R A ALE T R3]«
LGSR BRI CHLIET TRRER TAERT 90 M Ak
I ARELFIE S5 1, IOt AR AE A Rt 23R
TAT B AN LAnf 58 A48 X S ), m] g2 3 B0 AU
KBS CEEE A e i % R S SR, Ot
B A 03405 (B B AR R ML Bt A 1 B0, 5 306
Brig sl WOBKR IR A A LR B R B
(580 (L 110 6 o S A1 Dy BB 8040 R e e F O
FETZSESILGMEWERALE . X TafE
WO R G PRMA R |, 7EAS R B8 A i T T OB R
BRI, FEARUE SR A SO0, anfe] 5820 F1
St R, I A AR IO R RCR, & RIS
OG0 31N T R SR i DR A O g [
Z—

TE G AE P AT KRS 1 7 18T, A5 i 1) 45100
JETHOCRUAREHERE( -6~ +8 mm) AGY
R A 4w E AL R A BRIS RS IR R, R
6 fE o B MY R R S R BT i, 2 AR i 0 mm
AACBEIICIE Ve T4 AR N -2 ~ +2 mmAT,
KW EE SR, AR MYIRE , WOt
Ve L 21 B A — EE M. e AR
BT RA 4R A2 R B M EOEE S5,
R FY, SN S EEA B TIEHSRZNE
ve, BAESMHEMBEOLEE G TREERMEZR
AL Z BB e 2B o Mali Zhao 251" SR ] = 4k
(3 = D) 3l 5 £E WG IR 55 00 ¥ 4 2% 1 AR Ak )2
TTEVE, T TR Z LR MR S AR L
R, G80%500, 45 EE RN +0.5 mm B, Cuw/0 5
Zn/0 43 53k B i oK 53,20 F127. 78, BUR A I Uk
MR B, B YO R KT 72 mm Bk 0
VEBE T . TE O VR R PLBE 5 T, A e g A
RO R S R e R R R SRR E &
R ATL 3L 7™ AR 52 ) 1 ) R, 3 Ao R AR 15 B A A R
A B U OU IR S 4 A AR 45 A 1 O Tk
R T AR EEEFETRZERIAENZR,

R EAEE 0 mm W, 32 T 20l i A0 S
o AR =007 LB B AR £4 mm [,
B2 T Bl O P AR sk LB AER Y
S5 45405 R TR L A S S RS T AR A
KON ANBE R BN, SRRSOt bE ol #
F14 RE 2 W SO RIL A, AR 5 O D7 3 R e 0800 T
e AA A IBC2NiAWA 1458 it M1 5T 8 B2 1 LA Y
SR, W8 3 W IE 008 A A A7 70 8T 23 3 B 1ok U]
SUEASSE RARE /MBS, R P =1 W I ¥
JEN T R A Tk osp BOR T 20 1 TR %
QU AR

ARTCE X RS B BOEBR B e A [ B £
SEXHEOCYE T B A B 5 A LB T
Br, FRfE % 1SO 11254 —1:2000( E) 1-on-1 #6145
FIE IRy 3 CLAR i AR 180 11254) Xt il A [+]
B AR N A R 2 MO BUE AT T
TS T, TG B K e A s 2 TG BRE Y 52
PRIEBLREST — 4k =400, -5 BNEE R AT 1 Xt
FEBIE o
2 MBETE

G S AN LS BRI Y 2024-T3 SR G
&, DIEI 15 mm x 15 mm x 1 mm AREBE 45 &
BRI BEAT BRI I DEFE AL RS K2R 40 pm
JE B ORI

WOLFRE B At CLF Bk nBOE: IR
JEIN TSRS LU, WA L Przs o DB Bk b ot £
WSRO 1. Bobas & RBOLLRER % 45 2
RO — RIS T SCHE, 16 153 T S B X 3
PO BE fE DA 30 o A, AR S0 P S B AR B
19.7 em JEBERAEEHAL N 50 pm,

Computer | Data .
y Laser Beam adjustment
Controllers o )
transmission unit

1X-ax1s robotic
al
Fixed /
Suj 0T

B 1 HOtERER SRR
Fig. 1 Diagram of the laser paint stripping machine
x1 BARBETESHK
Tab. 1 Parameters of the fiber laser

P/ nm FIIE/W | B I/ ns

$i 3%/ kHz

1064 120 60 ~350
5% 150 11254 45473 B I ik 1% 4
B SORZREIATBOE R — R B i T

1 ~1000




B 5 44 No.6 2022

10 Y ok o i B, B — R BRSO BE A B[R] B Ok
40 pm, HAE 1SO 11254 453 4 19 {840 4 07 %, #4510
RIS 1A A BT B A A, It
MG PLZE R 10 %, DL 2 #E, [ 0 %
60 kHz, BIEHOL IR M 12 W IF44, 2L 0. 12 W 3%
L, EHAAPLE K 100 % N1k
BR B A AR I 32 IR V2 10 47 BRIk o o R 4
ML AT, SR S neox 090 3D 2% 3 1H 46 BR X
WSO R RS /0 M58 36, I & M 5T B AR &
3 #EREIR
3.1 Hitr HE2
07 19 (/2 R AR B O A BRI A BT he o6
eI LS, BUk THOCS M B RE . 7
WOCERER IR, K e i % R AR R AR 2 100 %
B A 40 %z M R AT R 2 S s LR 2
HABU R G S AR OR
DA HLE X il Re o Y S X - Y
ARBR R BRI R T AR ER R P TG
B AR 20 £ RUAL T Bl Ak R R 3R T
DL gz e B AR, e Mg FR o A B £ I
OB AEE LT 8K B K RE i % 2R 8l 1) AS [
(EL7E OGRS, BRI AR S B A 10 PRk
ASCE AT R I IE B AR . B0 DL 48
0 mm, +2 mm, +4 mm fRTEG G G A KR
&)L B % SR R Gl &
e 2 s
A ATEE RN O mm, +2 mm, +4 mm
T T A RE L2 B SR R R .
Y,, =0.051x,, +24.071
{Ym =0. 040x,, +21. 382 (1)
Y,, =0.021x,, +19.259
HEAREAERE N O mm, +2 mm, +4 mm B}
A6 &SRB BIE DT 0 DTy, DT 0 53 5]
4 24.07 J/em® 21.38 J/em® 19.26 J/cm’,
BEEEAERENO mm, +2 mm, +4 mm [
THRER A E SEHPLRIG LR AT
Y,, =0.020x,, +10. 366
{Ym =0.016x,, +9. 974 (2)
Y,, =0.009x,, +9. 182
HEAFEAESE N0 mm, +2 mm, +4 mm B
B2 B0 BB DT, DT, DT 23 51 K
10.37 J/em® 9. 97 J/em® 9. 18 J/em’,

WSCEESF B AR R A S R IO CER AR SV 1 5 851
300 = 0mm
28.0
S 26.0
3
23
5 240 F
=
=
22.0
20.0
0 20 40 60 80 100
Damage Probability/%
()B4
12.5
12.0
~ 115t
k|
o
= 11.0
°
o
g 10.5
=
10.0
9.5
9.0 L 1 1 ! L 1
0 20 40 60 80 100
Damage Probability/%
(b) &)=
P2 R ES R I R S R S R R R
SEAVLIESITPES

Fig. 2 Relationship between energy density and

damage probability with different defocusing distance
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