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Abstract Laser-induced TIG arc welding is used to weld 1.5-mm dissimilar aluminum alloys 6061-T6 and 5083-0O
to systematically study the influence of the addition of a laser on the collapse and mechanical properties of welded
joints. We find that the welded joints appear inconsistent owing to the difference in chemical compositions and
thermophysical properties of the two aluminum alloys used. Compared with traditional arc welding, the addition of
a laser can not only effectively reduce the degree of collapse of the welded joint, but also greatly reduce the
inconsistent collapse depth ratio of the welded joint. Moreover, the inconsistent collapse of the welded joints shows
a decreasing trend with the increasing laser power used for welding. It causes the joint stress to change; therefore,
the joint strength first increases and subsequently decreases.
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Table 1 Chemical compositions of aluminum alloy to be tested

Mass fraction /%

Material - -
Si Fe Mn Mg Cr Al
6061 0.64 0.40 0.27 0.08 1.07 0.21 Bal.
5083 0.11 0.32 0.03 0.51 4.40 0.07 Bal.
*2 BB LZESH
Table 2 Parameters of arc welding
Tungsten Shielding gas Welding speed /
Parameter Torch angle /() Arc current /A
height /mm flow /(Lemin ') (mmemin ')
Value 45 2.0 15 800 70-120
3 WOHFERBRIVELZSH
Table 3 Parameters of laser-induced arc welding
Arc Torch Tungsten Shielding gas Welding speed / Laser-arc Laser
Parameter 5 ) ) ) )
current /A angle /(°) height /mm flow /(Lemin ') (mmemin ') distance /mm power /W
Value 100 45 2.0 15 1400 2.0 400-500
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Fig. 1 Diagram of laser-induced arc welding
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Fig. 4 Influences of welding parameters on inconsistent collapse of weld joint. (a) Joint section morphology of arc
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welding; (b) influence of welding current on inconsistent collapse width in arc welding; (c) influence of welding
current on inconsistent collapse depth in arc welding; (d) joint section morphology of laser-induced arc welding;
(e) influence of laser power on inconsistent collapse width in laser-induced arc welding; (f) influence of laser power

on inconsistent collapse depth in laser-induced arc welding
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Fig. 5 Influence of joint inconsistent collapse on mechanical properties of joints. (a) Influence of inconsistent collapse on mechanical

properties of joint in arc welding; (b) influence of inconsistent collapse on mechanical properties of joint in laser-induced arc welding
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Table 4 Thermophysical parameters of aluminum alloy

Thermal Thermal

Temperature /

Material conductivity /  conductivity /
[Je(kg=CO7'] [We(m=C) 1]
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100 921 121

200 1005 126

5083 300 1047 130

400 1089 138

600 1106 141

800 1121 145

1200 1148 146

20 898 176

120 951 180

220 1003 184

6061 320 1055 188

420 1108 192

520 1195 196

620 1200 198

1100 1300 200
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Fig. 6 Stress analysis of welding joints

5 4 7

S R S R AR AR G A PR AR L bR A 2R
PERE AL 27 153 1Y 22 S, S BURSE TN 32 J) A5,
R EE A — BB G . 7RO 5 i IR B 0
R OGRS BRI WO S
SIUARE B4 e KA A L F SICHE 19 e /D B0 A/ T
7.81%0 T BN AR I B B B B Hob D i Bk
HH Do Bf/MEC/N T 25.4% . BEAk . BOE R 5]
AR B — 5 B3 FEAE T s TR AR AN —
BB . IR R A Row MR 23 50 PR
16 2.0 1 3.6 b N I8, M 7R #0655 5 R o
R W R FRTE 1.52 BB 8h, R o, HIBEE BOL Y %
I 3.19 FF & 2.1, Ry H Row I/ T 24%,
Rip W KA R I8/N T 11.4% ., & #OET) %
R A — B B R B vl s TR 2
T, 42 Sk B PP B ) B 5. MO T R R
445 Wi R w A 1.52,Rpw A 2.52, 3 L P hiom JiF 1k
KL, 2 0 5083 BEAT ) 80% . BEZ O ERK
HE— 201G KRR B 1Y) R AR B B TR BE A2 K, B B TR BE 1Y
SR iR TS — B0 B R R 19 R ), 422 Sk BT RE
J1 B EAR .

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

1002007-7

2 % x M

Mei L F, Chen G Y, Jin X Z, et al. Study on fiber
laser overlap-welding of automobile aluminum alloy
[J]. Chinese Journal of Lasers, 2010, 37(8): 2091-
2097.

Wiy, B4, &M, & EAHRE L4 E0
FEER B ST (1], HE#OL, 2010, 37(8): 2091-
2097.

Li'Y H, Lin J P. Status-quo and trends of researches
on tailor welded blanks for vehicle body [J].
Automotive Engineering, 2014, 36 (6): 763-767,
772.

ZEHe A, MROEDT . R A B O HE AR E N AN T
JELI]. WA TR, 2014, 36(6): 763-767, 772.
Wang H Y, Sun J,
controlling mechanism of pores in laser-TIG hybrid
welding of 6061-T6 aluminum alloys at high peed[J].
Chinese Journal of Lasers, 2018, 45(3): 0302001.
ELLMH, PME, XU 6061-T6 54 &0t A
B EUR S ALUB R R ALE ] T RO, 2018,
45(3): 0302001.

Schwinn ],

Liu L M. Formation and

Besel M. Determination of residual
stresses in tailored welded blanks with thickness
transition for crack assessment [J]. Engineering
Fracture Mechanics, 2019, 208: 209-220.

Kumar Dama K, Suresh Babu V, Rao R N. State of
the art on automotive lightweight body-in-white
design[J]. Materials Today: Proceedings, 2018, 5
(10): 20966-20971.
Tisza M, Czinege 1. Comparative study of the
application of steels and aluminium in lightweight
production of automotive parts [J]. International
Journal of Lightweight Materials and Manufacture,
2018, 1(4): 229-238.

Habibi M, Hashemi R, Fallah Tafti M, et al.
Experimental investigation of mechanical properties,
formability and forming limit diagrams for tailor-
welded blanks produced by friction stir welding [J].
Journal of Manufacturing Processes, 2018, 31: 310-
323.

Sun G Y, Tan D D, Liu X, et al. Multi-objective
topology optimization of a vehicle door using multiple
material tailor-welded blank (TWB) technology[J].
Advances in Engineering Software, 2018, 124: 1-9.
Chen S S, Lin J P. An analytical model to predict the
effect of weld location on tensile behaviors of tailor
welded blanks[J]. Journal of Materials Engineering,
2011, 39(10): 33-37.

MRoK 2k, AREESE . A5EE A7 B 0 PR AR BL AT 32 e 1Y
AT 0. AR AR, 2011, 39(10): 33-37.



h 5| 74 ot

[10] Bayley CJ, Pilkey A K. Influence of welding defects Materials Processing Technology, 2005, 164/165:
on the localization behaviour of an aluminum alloy 971-977.
tailor-welded blank [ J]. Materials Science and [15] Ancona A, Lugara P M, Sorgente D, et al.
Engineering: A, 2005, 403(1/2): 1-10. Mechanical characterization of CO, laser beam butt

[11] Huang Y, Huang J, Nie P L. Microstructures and welds of AA5083[J]. Journal of Materials Processing
textures of 6016 and 5182 aluminum laser welded Technology, 2007, 191(1/2/3): 381-384.
joints[J]. Chinese Journal of Lasers, 2019, 46(4): [16] Kim D, Lee W, Kim J, et al. Macro-performance
0402003. evaluation of friction stir welded automotive tailor-
R, I, EEAK. 6016 I 5182 fR A 4 iOG IR welded blank sheets: part II-Formability [ ] ].
Bk A R S T]. P EEE, 2019, 46(4): International Journal of Solids and Structures, 2010,
0402003. 47(7/8): 1063-1081.

[12] Zhang D W. A study of aluminum alloy laser welding [17] Zhang ], LinSJ, SuSX, et al. Effect of defocusing
process [ D]. Changchun: Changchun University of amount on weld shaping in fiber laser welding of
Science and Technology, 2012. aluminum alloy [J]. Laser & Optoelectronics
KRS BAESROLEE LZMR[D]. KE: KF Progress, 2016, 53(12): 121405.

BT R, 2012. kA, MRALHE, IR, S OLABOLRER G &

[13] Yang J. Study on the process behavior and defects XTI RIE R (J]. b5t 7k E,
control during laser deep penetration welding of 2016, 53(12): 121405.
aluminium alloy [D]. Beijing: Beijing University of [18] Niu Z. Study on forming quality of marine 5083
Technology, 2011. aluminum alloy CO, laser welding weld[D]. Beijing:
BB, BB A HOG R IE IR BAT O 5 B BE 1 B Beijing University of Technology, 2008.

55 [D]. dbat: Juat Tk k2%, 2011. AR . M 5083 FRA 4 CO, OB IR 12 457 4% 1Y I 4

[14] Ancona A, Sibillano T, Tricarico L, et al. W52 D] . dba: db s Tolk K2%, 2008.

Comparison of two different nozzles for laser beam [19] Kou S. Welding metallurgy [ M]. Hoboken, NJ,

welding of AA5083 aluminium alloy[J]. Journal of

1002007-8

USA: John Wiley &. Sons, Inc., 2002.



