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Numerical Simulation Study on Temperature Field and Stress=Strain Field of 6061

Aluminum Alloy in Laser Beam Welding
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Abstract: To solve the quality problem of laser beam welded 6061 aluminum alloy butt joints, a thermal-
structural coupling finite element (FE) technique is used to establish a calculation model for simulating the temperature
field and the stress-strain field during the laser beam welding process under the action of 3D moving Gaussian heat
source. Firstly, the FE software MSC.Marc is adopted to calculate the variation of temperature field and stress field
and the deformation of the specimens in the welding process. Secondly, the variation law and distribution characteristics
of the samples’ transient temperature field and strain field are studied. Finally, the influences of laser power and
welding speed on the joint quality are discussed. These welding process parameters selected in the test are optimized by
numerical simulation. According to the optimized process parameters, a laser welding 4 mm thick 6061-T6 aluminum
alloy plate butt joint test is completed. The heat source is checked by observing and analyzing the microstructure of the
weld seam. The results show that the temperature of the boundary molten pool obtained by the simulation reaches the
melting point 6061 aluminum alloy. Its shape distribution is consistent with the weld seam boundary obtained in the
actual test, which verifies the simulation results’ accuracy and reliability.
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Fig.1 Schematic diagram of laser welding
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Tab.1 Table of 6061 aluminum alloy laser welding process parameter

N L e g B e LB o
P P/W v/(memin ') f/mm Q/(Lemin ) ez 15
1 2 500 3.0 ) 15 N
2 2500 26 S e .

3 5000 2.6 —> 15 N
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Fig.2 Schematic of over-meshing method
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Fig.3 Schematic diagram of displacement constrain
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Fig.4 Comparison of simulated molten pool boundary

and weld fusion line

8.929e+002
7.959¢+002f
6.989¢+002]
6.019¢+002]
049¢+002,

V4
Y 2.000e+001
Inc:32 X‘\ﬁ’

Time:7.385e-001

Lcase2
Temperature

(a) P=2 500 WK #5425 72

1894 C

{ Y
Inc:29 X‘\t(

Time:6.692e-001
(c) P=5000 Wi £ 8z 72

Lcase2
Temperature

32 AEBAXMERGEHTELERSH
3.2.1 BMAAENIFHBEYG YA

T ' Ty S R Bz T B R e A K, R U
JLEATE SRS o DRERR R E 2 2.6 m/min,
HO#OETh 34 2 500 W15 000 W 145 45 16 i 3
BEAT X LE .

AN TR) 3 T R R T 3 0 X B 1 5
N B E AT DUE A o R R R R B R 2 G
LU 150 T, S8 i 0 D 1) 14 9L B8 3 X 3 o S AR 5
PRI o0 G B 3 A TR R A A B
88, J i 5 R 6 L 150 B ot T R R R K it VL
o B /0N o B A SO T A B O IR g 1 e {1 R
B TE O ER R 5000 W, HEE% thuis 10 5
VR BE SR 1 894 °C 1M L T # ok 2 500 WA, H FE
WA A 989.9 °Co AR if & B Ot D %5 2 500 W
BF, A5 R R 3 5 T O 2 308 5 000 W B, 47
AR E e s aE , BB ST R IR BR

6.600e+002
5.940e+002
80e+002

V4
Y
Inc:32 Xﬂ\ﬁ’

Time:7.385e-001

Lcase2
Temperature

(b) P=2 500 WitHgih 2

6.600e+002
5.940e+002
5.280e+002
4.620e+002
3.960e+002

Inc:29 XJY

Time:6.692e-001

Lcase
Temperature

(d) P=5000 W4

5 [BIEHEEF2.6 m/min HEEGSH

Fig.5 Temperature field distribution with welding speed of 2.6 m/min
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Fig.6 Stress and deformation distribution with welding speed of 2.6 m / min
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Fig.7 Temperature field distribution with laser power of 2 500 W and welding speed of 3.0 m/min
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Fig.8 Stress and deformation distribution with laser power of 2 500 W and welding speed of 3.0 m/min

o T A ROK E T I g A0 Bl A A 3 R A 4
TG K, Ui W1 6061 #1& B FOB IR A7 e — A i i
12 T 01 A S SEOK FE 300 1V 7 B/ L S MY
JE it B AT KA RS

4 %R iE

1) ep RT3 A Fortran i &5 4 5 = B
T AR 5 T U AR & A B 9 45 B Mare B4
9 10 45 1R 58 BT 3% FUR 0 RS sl AN 2, & 58 E
T2 e 397 e 7 A R R TR 5 S PR B0 IR R Ry B

2) X 606148 A 4 VAU X Bz 5 Y T B 3 g
FINL ARG T S5 R 4B 0 USRI T 5280
AR TS ], AN )15 A A R AR S A
BT FE R 2 500 W AR HE EE R 2.6~3.0 m/min
R, A5 2 e b ) i g T BE T #1900 C LA b, FLR 422 7
JEE Xt A5 11 L T IO AR R AN R o T O T R AR
£ 5000 W K422 3 B OR K5 Ry 2.6 m/min B, 45t 1
B U R R B 1894 °C, LIV 7 1% 78 ¥ A 184 o .

3) MR AR T2 S5 a5 5 il i
W5t Ty R AR B o B 45 S 8K, I W g L AR B
T S B L 3 L7 B 4 R Sk I 97 3K 56 Ak

R BRI T ZS 8 il R AR Bl .

£ Lk

[1] E4¥% 60616 M AL o [T]. &8 m
T(#JmT),2011 (8):69-69.

[ 2] CHANG Y J, DONG J H, ZHANG Y. A study on the
microstructures and properties of the welded 6061
aluminum alloy joint [J]. Welding and Joining, 2006
(1): 21-26.

[ 3] DEVINCENT S M, DEVLETIAN J H, GEDEON S
A. Weld properties of the newly developed 2519-T87
aluminum armor alloy [J]. Welding Journal, 1988, 67
(7): 33-43.

[4] a0 m#sE 6061 A& &ML T2 (D] A
FIE AR ERRIE K7, 2015,

(5] BE, &%, 26, % 6061-T6 4 A 4 5 o i 2
CO, HOG I 22 IR R A5 [T ] E O L 2011(5)
80-85.

[ 6] HU B, RICHARDSON I M. Mechanism and possible
solution for transverse solidification cracking in laser
welding of high strength aluminum alloy [J]. Materials
Science and Engineering A, 2006, 429(1/2): 287-294.

(TF 4% 68 70 )



