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Abstract The high-quality welding of aluminum alloy/steel dissimilar alloys is difficult owing to the great variation
in their physical and chemical properties. In this work, the laser beam wobble welding process is adopted to achieve
good connection between 6061 aluminum alloy and 3161 stainless steel. Moreover, the effects of laser wobble mode
and wobble frequency on weld formation characteristics, microstructure, and tensile-shear strength have been
investigated. The results indicate that laser wobble welding can increase interfacial bonding area, decrease weld
penetration, and effectively suppress weld pores and cracks. Laser wobble can make the interfacial temperature
uniform and enhance the stirring effect on the weld pool; it also alleviates metallurgical reactions and suppresses the
formation of brittle intermetallic compounds. The interfacial microstructures in a welded joint obtained with wobble
laser mainly comprise Fe(Al) solid solution and a small amount of FeAl; phase; the maximum tensile-shear strength
of the joint obtained with the wobble laser can reach 117.5 N/mm, which is 45% more than that of conventional
laser welding. Welded joint fractures are also observed at the interface between stainless steel and the weld metal.
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Table 1 Main chemical composition of 6061 aluminum alloy base material

Element Ti Mg Si

Cu Mn Fe Zn Al

Mass fraction /% 0.15 1.0 0.6

0.25 0.15 0.15 0.25 Bal.

%2 316L REEHIAER Y B AL

Table 2 Main chemical composition of 3161 stainless steel base material

Element C Mn P

Si Cr Ni Mo Fe

Mass fraction /% 0.02 1.58 0.02

0.45 16.74 12.89 2.05 Bal.
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Fig. 1 Schematics of welding. (a) Schematic of aluminum alloy/steel sample; (b) trajectory of laser beam
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Table 3  Welding parameters

Laser Wobble Wobble Laser Wobble Wobble

Ne. power /kW  frequency /Hz mode No. power /kW  frequency /HZ mode

1 1 — — 7 2.5 100 Linear

2 1.5 — — 8 2.5 200 Linear

3 1.8 — — 9 1.5 20 Circular

4 2.0 — — 10 1.8 50 Circular

5 1.5 20 Linear 11 2.5 100 Circular

6 1.8 50 Linear 12 2.5 200 Circular
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Fig. 2 Macroscopic morphology of welds obtained at typical welding parameters
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Fig. 3 Cross-sectional morphology of welds obtained at typical welding parameters
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Fig. 4 Interfacial structure of welded joint obtained with conventional laser welding.

(a) In the bottom of interface; (b) in the aluminum alloy/steel interface
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Fig. 5 Interfacial microstructures of welded joints obtained with laser wobble welding.

(a)(b) Linear laser welding; (c¢)(d) circular laser welding
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Table 4 Main components of marked positions in Fig. 4 and Fig.5

Atomic fraction /%

Position

Possible phases

Al Si Cr Fe Ni
1 69.74 0.47 5.87 21.62 2.31 FeAl;
2 71.28 0.42 4.30 21.81 1.96 FeAl;
3 32.77 0.72 12.84 48.24 5.42 Fe(AD +FeAl
4 74.28 0.12 4.92 17.95 2.73 FeAl;
5 73.28 0.38 8.76 13.99 3.99 FeAl,
6 12.19 0.73 4.96 79.56 2.56 Fe(AD
7 15.62 0.52 10.25 70.05 3.56 Fe(AD
8 72.20 0.71 4.20 19.37 3.51 FeAl;
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Fig. 6 Element distribution in welded joints. (a) Welded joint obtained with conventional laser welding(No.2);

(b) welded joint obtained with linear laser welding (No.5); (c¢) welded joint obtained with circular laser welding (No.12)
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