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Thermal response of 7075 aluminum alloy with different scaling
laws under high power laser

LI Cheng-long'? , TANG Wei' ,SHAO Jun-feng' ,ZHENG Chang-bin', LI Xue-lei', GUO Jin'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;

Ell

WOL5 W) SO EAE RIS 0 F 3 R T

2. University of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract:In order to clarify the relationship between the thermal response of the metal plate subjected to laser irra-
diation and the material scale law,the thermal response of different size 7075 aluminum alloy plates under continu-
ous wave laser irradiation with a wavelength of 1064 nm was studied. Using numerical simulation method and experi-
mental research method ,the numerical model of metal plate temperature simulation was established by using COM-
SOL to obtain the temperature field distribution of metal plates of different sizes. After that, the experimental verifica-
tion , analysis and comparison simulation results and experiments of the same size were carried out. The results show
that the temperature rise process of different scale law models is consistent during the equivalent time ;the experi-
mental data is similar to the simulation result. The relative error between simulation and experiment under each scale
law is less than 17 %. The research results have certain practical value for the engineering research of strong laser
irradiation effect.

Keywords : high power laser;laser irradiation ;scale law ;numerical simulation of temperature field

]]II|-

E€W A E I A ; h EREABE IR 280H (No. YIAS39C) s KEEHLITEIE A A THRI5 B B8,

1EEE N

s B H#9:2019-10-10

RO IR 7075 454 G AR I 5 BHELR B HESE RBFSY

IR B Ry IR R 2 B RO
AR AR e i T B A i e 2 — | e O 2

(1993 ) B B ARSEAE , BN FHOE S5 YO B AE 7 HAFSE . Email: lichenglong] 18@ gmail. com
BIREE 1 Hi(1985 ), 55 18t BYBEOESE B2, B NFROE S WA EAE DT HPTFE . Email ; twei222@ 163. com



790 ot 5 4 s

AR 2 Eez BRI AR TR . —Jr i S5%ot
RIS O, IO E RIS R DEHERAE AR IR
(] 25 | 5 — 7 T 5 1 A HEORE ot AR BF ) B 8 R B
WUIHR AR, QAT R B 53 2H ORI RS TR T iR i v
KRS EE IR B AR L AR A, RO B AE R
W AMIL R — I 5 R, EIRE ST T T
JEBEAN i 197 ' Bt A R 0 L 3R T R A A
IR T e 1 kot 5 1 SE O Sl B &
VEFIR MR 3 B 5 ELAFF R Sk Ao T
YSZ AP JE X THOGHR BUT A BK-5 < 2 17 1)
SR J. Osterholz B 5T T K GEEE 25250 3O 4 AR
SRR RE AL L B A5 BRI 7 A 28R PR
FIOE T R Z E BN 3.4 kW/em® . Kyung-
Cheol Lee 81l H 30O 235 AN S5 HIIS ], BF 58 0O
AR 455 Jom 2 ThT P A% S e PR A s i, DA T AN
R T T RO S WIGR S |

RO, R DR RIEO S SR AR
R JE PR 5 4 AR A R i A 3 BESESR A
T, T2 LR 2 RN S A A Y
BRI, VP22 5286 TOVE A I RO LR T i, (A T
Jr RIS, R & R R4 () A TT JR 235 4 24 g e
IO R A% RUBE AR T 5, A6 23 A T i e R A
AT L 40 L O R AR T R S A L S
INAERUE AR SCR AR A UL 5 52 3 A 25 5 9 7
2 W58 TRFIRBEHE N Y 7075 FR G S BAITE S5
AR P, B R 1064 nm 193 S2 06 58 B R 34
Wi L, A TFE AR A SR TR Z B A E R
2 PR

WO R B8 B A A2 1w, SRR OEOL RE
o FARE ] AR N BB AL A, 5 1R P A A il B2 AR A
i I RIS IR v SR A AR ) L g 4% 1o ] 442, IR
LAEEAAPRRT  BALRE A NSRBI 3 60(x,
t) 3 A A B AL SO T

a0

pC, 5~k V0 = g (1)
T R LR 53K 6(x,0) 4

90 .
pCy 5=k V0 = 0 (2)

Y 55 J R LA A AR, {F R B S TR 5 g 2
M J37 AN B[R] s 3 A2 LA ARMRLE i DA HL B bt
R FR O 45 LU R X (1) L (2) W, Hie 4 L
AL DA

%50 %
x = AX
t = AT
y:%r (3)
1
q_)\zo

Hor, A IV 50 0y vq X T T .Q 535
FR BRI b IR R] | TR
WG SR AR RN

6|, =300K (4)
k20 = al-ho
1 (5)
LA
aon 22

K, p Cp kb o 3B ARH B | LRSS L
S 2B R RBOME H RS, UL EA RS
BORNKER BB R A=A 0 oo T 43 5] #E AL YR 4%
A AT B A A% i B T) R SO T R
D R, S E R L
3 EEAE

FIFHA FRITH A COMSOL XHEOGCHEIR 7075 534
SEATRUE AL, O BN R 1 TR, SRR
NGB G R, &R E e fEJe L2 S
AGTEI G BRI 2 )5, 4@ AR MO G b p iR
FER T K AL, 5 R e 1 B PR AL T

m—>Clip

Laser » Metal

B RSO RS AR

Fig. 1 Equivalent simulation model under high-power laser irradiation
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Tab. 1 Parameters of 7075 aluminum alloy

Temperature/ “C 100 | 200 | 300 | 400 | 500 | 600

Density/ (kg + m ~3) 2695 | 2675 | 2655 | 2635 | 2610 | 2590

Thermal conductivity/ (W «m -1« K=1)| 195 | 203 | 211 | 212 | 225 | 200

Specific heat/ (J + kg ~! - K1) 951 | 987 | 1027 | 1060 | 1153 | 1160

A(T)=354.67 x 104/ =1 + .25 x 10T
(273 K<T<933 K)
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Tab. 2 Simulation model parameters

P d D/ A L '
/kW /mm  [(Weem )| /em /mm /s
A A 174 A A A?

1 1000 30 141.5 10 5 150
0.9 900 27 157.2 9 4.5 |121.5
0.8 | 800 24 176.9 8 4 96
0.7 | 700 21 202. 1 7 3.5 | 73.5
0.6 | 600 18 235.8 6 3 54
0.5] 500 15 283 5 2.5 | 37.5
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Fig. 2 Simulated temperature under ideal condition
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Fig. 4 Simulation center temperature under boundary condition
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Fig. 5 Simulated temperature of the four points
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Fig. 6 Experimental schematic
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Fig. 8 Simulation and experimental temperature comparison
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