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Thermal stress coupling analysis on laser engraving of aluminum alloys
with protective coatings for chemical milling

ZHAO Anan', ZHANG Hongshuai’, YAN Guogiang®, GUO Yuewen’
(1. AVIC Xi’an Aircraft Industry Group Co. Ltd. , Xi’an 710048, China; 2. Xi’an Zhongke Microfine Photonics Technology Co.
Ltd. , Xi’an 710048, China)

Abstract: According to the phenomena of interface cracking and falling off of protective coatings caused by different
thermophysical parameters between protective coatings and aluminum alloy in the process of laser engraving, a two-dimensional
finite element model of multi layer materials was established based on the thermal stress coupling analysis method. The pulsed
laser was loaded on the surface of protective coatings in the form of Gaussian distributed heat flux. The stress distribution
nephogram of aluminum alloy matrix and the evolution law of kerf morphology of protective coatings under the action of thermal
stress with different laser processing parameters were obtained by calculation. The effects of laser power, scanning speed, and
repetition frequency on temperature field, stress field, engraving morphology, and stress displacement were compared and
analyzed, respectively. The results show that when the parameters are selected as power 60 W, scanning speed 10 m/min and
repetition frequency 100 kHz, the influence on temperature field, stress field, etching morphology, and stress displacement is
minimal. The research of this paper has great reference significance for the practical application of laser engraving in chemical
milling, and provides a direction for the process optimization of laser engraving.

Key words: laser technique; laser engraving; finite element simulation; thermal stress coupling analysis; aluminum alloy;

chemical milling

51

il

A BEOIRI AR O AL 8L, B2 R TR ALK |
I & & B &S B M F Bl I E T 2

YEZ Ty 8222 (1983-) , 5 M+ IE R 4 TR0, 25
AT R AR R T2 ZE 0 AR 2R s 7 o T
BT s 5 TS 7 o B B B A5 o 1 A5 O 1 A B R
I

E-mail : 15929905030@ 163. com

Wk H 3. 2022- 03- 14; W RIMECR H 1. 2022-06- 14

At Z R A AR A A A AR A B A S i
R ELEEAY, I i HR S R Bt T L
D09 IR 8™ i IR JEE S i, O THOARHAT
ARk AR O B R L B S A s AR SR
STETZS R BRI A TR HIE | T R AT U
HAT Z R 3 DU HR A A 2 R 45
PEZIBIERAT R H AT RS L F A i i Ak 24
WOCZ B T2 S o 0 25 A F A B2 7= o B
U A AR, [ S i Al i a5 |
PE 1 BRI L A %, B T A e



420 Wt

E5 SRS

2023 4F 5 A

TR 2rh A SO 2R Tk AR 5 T 1
ZI8

X TR A BRI BOEZI Rl TR
JE A AR U A T IR B A IR R RO A
], 2 A Bt 2 A IR EE RS L U5 AR TE R
LK A8 iR i b ZI R SR R S 6 %
S 25 5 R LE BRI A7, 1 1T AR A TR
TEFRR T IFFEEAE TR, REEET A K e, A 5
B2 A F SRUBTE TR0 A A AR G 4 A
PHALBEE P R YR 22301y, DR, AHILEE B 20 A
TN T AR R U =S FE A R oA S A it
2B T EASMER AR B, ST
[AI, WU B R RE IR 2 Y A B, T T RO
B R AR RR T i R T 1 1 AR A
AL, e BRROCIE BEIR 9, B ) 3 B0 A A FARR
JESGEERRRARSS A ) SR AL 1% X 5 BT
JiiJ2= BRGE s SOCKE B R BRIV 1 52 B0 2 5 2R AR
PRI 2R ) LR R i | B R B 22 (ORI )=
FRANN JJBR , LIAO 48 N2V 26 BT O B AR R
FEALRFEE RN , TR TR J2 7 LR RSO R T 1 2K
ROHLA , e B AL B R A A O )2 L 4 1 TR AL B R
(IR F i, RAD 28 A2 S od 3B AR A 4L
TEPRIURIZ BRI, A BUEORG 52 B FLBR, K e = AT R
A3 FL B X 187 ) AT FR) 52 W) SECAI0 S 35 (EDRE 25 )2 4 LB
S5 SRR A RBOR SR, WANG 58 NPT ar
PHUBRE SR IRFEBOEIN Tl b A i = 1
B B RN AT A 7 AR AL RN B AL A A AL e B
Y LR 2 7 A BRI S 2t DR 2 5T = BRI Y
JS7 3 578 AN g it

SR AR5 FLER XA 5 S A BE R AP e Tk o
WOLZ R T2 AT g 5T, i i TR 1S5 20 i B
WL 7S 1 RE 57375 | 76 1) 7 28 A e R AP e A 15 42
G Al BT AR, A B 5 AR 9 T LA B fiE
B R 2 B o e b A B R I O S A A
AT AR AR S BRI IO 2 R T 2
AR IIE 52

1 eI HEBIEr

TEHOCZ MR & S BE IR I T 5T, —
et B i S T BOR AT R4 A9 TRCR L IA Z)
PhAG RS ZE R LA 20 I CTRAFAE L, TG = A AL
TR 8% | i 2 R A R 2 DN o, #8 L RE A 23R W
TAEE R B ARG B , M0 JC 35 BRAT RO R R R BE A4

SUHIE. SRR , P19 B MOt B B o s
I LA R, T TG A R
LB IR 5 5 A5 4 025 8L B
TR, TEMCER A SCAE# (1) COMSOL
Multiphysics (5 FLHCP XE 63 5 2 6 5 B 6 Bk o 0
ST SR S 2 TR A ST T )
EIAL IR R A BARAP e MO R T 9L .43
L B AR A3 307 T L FL U A% OB T
SRR P BRI £ 2 AL IR AT A7, SN 2T
JUIRT S T T A B 5 s 2R e e
AP S AL
L1 {FEBEHHRSH

A e LB O 2L AT R 4 T A
o IR L5 1547 e b T ACBSO., 61 5 2 34 b1
BRI 2A12 SRR IENE | FR . Hi46 4
A4 eSO A P B 128 4T A
HARATIR I ) Ra0 — FALTEHOEH, Fobii
Yok kAP SERE ARG BEONE 2 PR

R BT A AR SR B

Table 1  Thickness of material used in simulation analysis

type material thickness/pm
chemcial milling protective glue AC850 400
alumunum alloy substrate 2A12 2000

F2 JkEOLRS

Table 2 Parameters of the pulsed laser

parameter value
wavelength/pm 10.6
pulse width/ ps 2~970
repeat frequency/kHz 1~100
duty cycle/% 30~50
focal length/mm 101.6
maximum power /W 300
spot diameter/ pm 150
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Fig.1 Schematic diagram of laser engraving simulation of aluminum alloy

milling protective glue
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num alloy matrix
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