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Abstract In this paper, the effects of different incident angles of laser on paint removal depth, surface morphology, and
roughness are studied. By changing the angle between the laser beam and the sample, the laser paint removal test at
different angles is completed, and the 2024 aluminum alloy is used as the research object to detect and analyze the surface
paint removal effect. Under the same conditions, the paint removal depth increases first and then decreases with the
decrease of the laser incident angle. When the laser incident angle is 70°, the maximum paint removal depth is reached.
When the laser energy density is 5 J/cm®, the paint removal depth at the inflection point increases by 160. 57 pm compared
to 40°, and this difference increases as the paint thickness increases. In addition, the incident angle of the laser will alter
the surface roughness of the sample. Similarly, the minimum surface roughness is obtained at 70°, which is increased by
0.438-0. 812 pm when compared to the initial surface roughness. The laser incident angle can also reduce the length of the
smoke plume in the laser transmission direction and the concentration of plume particles. When the laser energy density is
0.5-2 J/cm®, the paint removal mechanism is the main ablation effect, but when it exceeds 2 J/cm®, it becomes a
combined effect of ablation and thermal expansion.
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Fig. 3 Schematic diagram of laser angle incidence.
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Fig. 5 Change law of paint removal depth. (a) Paint removal depth at different laser incidence angles; (b) comparison of paint removal

depth at various angles and at normal incidence

1714009-4



$£59% F 17H/2022 £ 9 A/ EBFFHE

. YHOCRE RS 5 T/ em?, 06 A S/ 7071}, 15 5]
T K BRI N 191. 867 um , 24 I0O6 A S £f 40° , &£
BRUEEAA 31,3 pmo 8] 5(b) F R BO6 A A ST £
AT R 2 I TR 2 D 2 RO T LA S R R S BRUR 1Y
ZAEAR LR . 40 2R DL b 3ROR H Ot 3R 1A G A
A PRI R L 28 LT Rom O TE B A
B R BR IR EE /N . TEROGRER B EMLF 3.5 /em’
B, AN TR OG5 £ R R T 25 PR TR B 25 (AR PR B /N
YMEOERER SR T 3.5 I/ em® 5 , A [ OGS
IR 25 PR IR B 25 (E 3 K . 5 I R BRI e K
Y AR WOGRE B % 5 T/ em® I, OGS A 70748
bl 3 B S B A T R 2 R TR RS N 57. 73 pmo BOL
A BF 40T HH L 3 BN B B 0l 2 R R R e D
101.97 pm. TEREE B 4.0 J/cm’, O A S/ 60°4¢
PR B B0 45 5, A e B B T, Y R
T 4.0/ em® )5 B BABE KRG U6 BH TR
e RE B E A 3 L e e 3 B SR, B A il
R RE i 2 B R O 8 2 R TR B NI, DR B3 A5
2 BR TR i 2 T A TR TR SOK B 2 R HL I B
5J/cm®s £ LRI, WA O A ST AR s AR iR

2/um 2/um
(@) |168 168 (b) |215
I g I120 ol
0

0

FBRUREE o AR SCBR I Hh, 0 SR v 8 2 B RS T R
FH 7076 A ST £ BE SEAT I B L TT LA Ok R
K6 F/RBER %R N 4.5 T/ cm’ F1 4 4 H
1000 mm/s . F1 4% YK E Ay 10 ¥ ik o 4 %y 200 kHz
HUFE A #E A 0. 06 mm B, A [R) 3406 A5 £ 5 A0 RE i =
eI SR, N 6 0] LB W - 306 A S M BE R T, ol
FREEMEE A iR B A, Ot T
Bk e o B2 O A A i RS 1] P T R IR 1 AT
W 18] S AR A A A VIS T 8 UKL 58T B & 7E K F
R A RE BT AR — 5 AR R Ve H R Uk 7R
HVER T BB AR 5 R T o O R AR Ik, 47
PO ST A B A O, T S0 R B 30 ek 3 R T ) SO
BE L/ fr 3 (L) Bl 1 sk /N 0 5 B 1) BRAIG, AR
0 BT A, UG PN T R AL 1 | SO R R AIG
21 IO R B AL R S A L, B PR UR NS
VERR 2 H S . IO A S /A B k8 70° A2 4 B
AR TE V& A A4 i B R R 25 B FE AR R, HUA R
i WO AR 0T DUbe oI o R L A AT TR Y RE
TR A T0HOE A G A S BRI RCR .

2/um
() |207 207

F6 RERHE 4.5 T/ /em® AROEASHf B FR =4 AE . (a) 9075 (b) 80%; (c) 70%; (d) 60°; (e) 50%; (f) 40°

Fig. 6

Three-dimensional morphology of the sample at different laser incidence angles, when energy density is 4.5 J/cm®. (a) 90°;

(b) 80%; (c) 70%; (d) 60%; (e) 507; (f) 40°
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Fig. 7 Energy spectrum analysis and micromorphology of sample surface, when laser energy density is 5 J/cm” and 6 J/cm?, respectively.

(a) Energy spectrum analysis diagram at 5 J/cm’; (b) microtopography at 5 J/cm?; (c) carbon distribution map at 5 J/cm’; (d) energy

spectrum analysis diagram at 6 J/cm’; (e) microtopography at 6 J/cm?’; (f) aluminum distribution diagram at 6 J/cm’
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Fig. 8 Surface topography of samples at different laser incidence angles
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Fig. 9 Surface roughness of samples at different laser incidence angles
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Fig. 10 Phenomenon of plume combustion at different laser incidence angles in the experiment. (a) Laser incidence angle is 90°;

(b) laser incidence angle is 70°
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Fig. 11 Scanning electron microscope images of paint particles collected by monocrystalline silicon sheets, when energy density is 4. 5 J/cm’
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