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Abstract

In this paper, the ablation model and stress model of nanosecond pulse laser to remove the paint
layer on the surface of aluminum alloy is established by using the finite element method, and dif-
ferent temperature and stress trends are obtained by changing the repetition frequency, to ana-
lyze the paint stripping mechanism when the laser action time is 1 s and the laser energy density
is 20 J/cm2. The simulation results show that when the pulse repetition frequency is less than 6 Hz,
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the stress action is dominant to remove the paint layer. At a pulse repetition rate of 6 Hz and
above, ablation removes the paint layer dominantly. It provides reliable theoretical support and
certain process parameters for laser cleaning technology.

Keywords

Finite Element Analysis Method, Nanosecond Pulsed Laser, Stress, Ablation

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|

7075 et —F AlZn-Mg-Cu ZFsafeinG e, RARME. REF1SAPERE. ATy
PE[A] [2] [3]. EWAENEERARMER, ENTR. B, Sl @R mAa%E ZRNH, W #E
IREBRIZ R R E[4] [5]. SR, HERAAENUMS . B R SR a0, & 2RISR
ZJa, FEXERE SR IREIEIZ6] [7] [8].

FE T, BOLIHETERR QARSI RS 7M. Bliisse ey, BwSE. mizs%
[9] [10] [11]. ERARAEGENUAR DAL AR e ikl AR A, (EAA TP AERG R 22 | 0T 2 IR L 75 e bt
THVERCRAREE R R [12] [13] [14]. TUHOLTEGE T LA RIZR IR, BOCSHT it TTRmiEst. Hik
R RAMREEL R, AR R T T A SIS IR AR R . T84k, 22180 T I OGS
Ve FE h (et E I AR A, RS A IR VR R . LY. Guo 58 AN T e a & R AU AL B )
FRIABURIEAT T 00T, B0 T S S BEROCIE BE K = 4eL AR E AR S B, i T A2 )%
TR SIS AT A AR T BTN AIAE R [15] 0 25 55 N\ A8 A (R o i S A
TR L, Xf TALS P& SRMMBEATIEGE, I HIRG RN TALS SR& e RMIER[16]. BOLTEDER
B £ E et AR g0, AEEEXS T X AL ) 5 AR AR B

FEASCH, AT 3RZ HRE PERTAR R, AR, R BRI i@ s b ik o £ B in & &
R ROTFAR, 8 SR g P Bkt oL K R AR, SR B AR N ) AR B 5 W06 TR e
B AR E 1 E ZAE L
2. PRDBKARCBRRIR DR E

Wik 1 PR, EALEL 7075 AR A ONAER, RN ARE . I EIE R MBI RN iR, 2
Ot S ERIIMEZN, BOtREEL R BURE G, RN B MR, IR 4EH
WHEBHI AT, SRR R I I G0 4, R IR L & T3 R U AR, B2 R4
%, TR SEEZANAEK AR, S AR RIK S 2B T 7075 & Mg =
18], A AR SE (0 HAR S 0 B A R0 T B S 33, BN ). O RAE G, A beih
RS A R AR IR R o 26 B 7 A (R R R R P B o ZE P AE R LR L FVE R B2k B BR AR

FEASLIGH, MRXTEOE KR Z R, ARBTG5

2 2
i6—1—=a—-£+a—-|—2+a—-2r:VZT €))
a ot ox° oy° oz

DOI: 10.12677/app.2024.144023 191 N e


https://doi.org/10.12677/app.2024.144023
http://creativecommons.org/licenses/by/4.0/

AR Lo PRI, VR
R HE A 2R T AT S AR S SR AT PAZE AN TE,  HIC OGRS X IO 4 #hadi 5, AR B0 I 5 X 35
_____ 1
lad*n 2 44 Splatters
SO TP
I (.. +Vap0rs, soot

:Abﬂ ion Laser

alkyd paint

epoxy primer
poxy varnish

7075 aluminum alloy

Figure 1. Schematic diagram of a nanosecond pulse laser thermal
ablation paint removal model
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Table 1. Simulation model laser parameters
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parameter value
Spot radius 0.4 mm
Energy density 20 J/em?
Wavelength 1064 nm
Pulse width 10 ns
Pulse repetition rate 2~10 Hz
Irradiation time 1s
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Figure 2. Temperature variation trend over time at different repetition frequencies
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Figure 3. Removing depth changes at different repetition rates (a) 2 Hz (b) 4 Hz (c) 6 Hz (d) 8 Hz
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Figure 4. The trend of stress over time under different repetition frequencies
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