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Abstract

A nanosecond pulsed laser was used to carry out a study on the cleaning of a 5 pm thick oxide
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layer on the surface of 7075 aluminum alloy. A finite element model of the oxide layer on the sur-
face of 7075 aluminum alloy cleaned by a three-dimensional moving nanosecond pulsed laser was
established by simulation software to analyze the influence of different laser parameters on the
temperature field distribution on the surface of the oxide layer. The microscopic morphology of
the laser-cleaned specimen surface was analyzed, and the effect of removing the oxide layer and
the damage to the substrate surface under different laser parameters were discussed. The test
results show that: when the laser power is 34 W, the oxide layer on the surface of the specimen is
completely removed, the roughness is the lowest, and the surface of the substrate is not melted;
the oxygen element on the surface of the specimen is the lowest after the cleaning under this pa-
rameter, which indicates that this parameter is the threshold of the cleaning; the amount of the
removal increases with the increase of the power, which is by the simulation results; the hardness
on the surface of the substrate after removing the oxide layer under the laser parameter of the la-
ser power is 34 W, which is 432 HL, greater than that of the substrate. 432 HL, which is greater
than the hardness of the substrate, indicating that laser surface hardening has occurred.
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Table 1. Thermal physical parameters of alumina and 7075 aluminum alloy
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SHAHW-m LKY 0.84 156
(kg 2K 1530 921

B (kg-m ) 4080 2800

15 15, (K) 2327 933

Sk S (K) 3250
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Figure 1. Geometric model of laser acting on the surface of a material
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Figure 2. Temperature field distribution on the specimen surface after nanosecond pulsed laser cleaning at the different laser power
(@) 30 W, (b) 32 W, (c) 34 W, (d) 36 W, (e) 38 W, (f) 40 W
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Figure 3. Temperature field distribution of specimen cut surface after nanosecond pulsed laser cleaning at different laser
powers (a) 30 W, (b) 32 W, (c) 34 W, (d) 36 W, (e) 38 W, (f) 40 W
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Figure 4. Material temperature change after nanosecond pulsed laser cleaning under different laser powers (a) Nanosecond
pulsed laser temperature variation curve, (b) material peak temperature variation
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Figure 5. Original morphology of 7075 aluminum alloy after oxidation (a) Original morphology under metallographic mi-
croscopy; (b) Original morphology under scanning electron microscopy
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Figure 6. Total spectrum after oxidation of 7075 aluminum alloy
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Table 2. Element content after oxidation of 7075 aluminum alloy
205 REEEUETREE

T B ]

TOE HRHTY HEHL Wt % Sigma JRFHE
o] K 4% 19.65 0.29 26.73
Al K& % 70.18 0.51 56.59
C K 4% 8.60 0.57 15.58
Ca K 4% 0.29 0.06 0.16
Fe K& 0.40 0.12 0.15
Mg K &% 0.88 0.06 0.79

M 100.00 100.00

DOI: 10.12677/app.2024.146047 430 I EEY/BEH


https://doi.org/10.12677/app.2024.146047

ke 2%

42. WERE

WOLEYE 7075 S a SR AN SRR B AN 7 Fror . 2 dikstBotTE oL L e B s 44
B WOCTESHANE 3 P, Wik 4 IEFROCTIHRAE 30 W~40 W YEH A 70 6 A ATiR vl . fEH]
SR BI SE VR R I ORI, = 4R SO IR RS E o L Bl 0 Wi E R TR
B, DABotTE A iR I A S BRI IE, & e RIS ECR . (AR & o &
RIMBEEAR . L5573 T D)2 Ak B B0 7075 4R A S RIZIMIT R & 2 m e, AR
AR S & B R EN T2,

Table 3. Laser cleaning process parameters
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24 HfH XA
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ik e (7 ) 100 ns
ik gz (f) 98 kHz
HHE EH 12 (D) 50 pm
HREHEE(v) 2450 mm-s

Table 4. Nanosecond pulsed laser cleaning aluminum alloy oxide film test group
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Figure 7. Schematic diagram of the experimental device for laser cleaning of oxide film on the

surface of aluminum alloy
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Figure 8. Micro-morphology of specimens after nanosecond pulsed laser cleaning at different powers (a) 30 W, (b) 32 W, (c)
34 W, (d)36 W, (e) 38 W, (f) 40 W
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Figure 9. Changes in surface roughness of target material after laser cleaning at different powers
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Figure 10. Distribution of elemental Al and O on the surface of laser cleaned samples (a) Sample 1 (not cleaned), (b) Sample
2 (32 W), (c) Sample 3 (34 W), (d) Sample 4 (38 W)
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Figure 11. Percentage change in weight of oxygen and aluminum under differ-

ent laser parameters in samples 1-4
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