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Study on weld formation and microstructure of A7N01
aluminum alloy by hybrid laser-MIG welding
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Abstract: In order to study the effect of process parameters on weld formation, microstructure characteristics, and
properties of the joint welded by laser-melt inert-gas (MIG) hybrid welding, laser-MIG hybrid welding of 6mm A7NO1 aluminum
alloy plates was carried out with different laser powers, welding speeds, and groove forms. The microstructure and properties of
the joints were observed and tested. The results show that as the laser power increases, the weld penetration increases linearly.
Furthermore, the higher the welding speed, the smaller the weld width and the penetration depth, and the margin is slightly
increased. The welded joints have good adaptability to different groove forms. When the hybrid laser-MIG welding was carried out
with the laser power of 3.0kW, welding speed of 1.0m/min, and the Y-shaped 30° groove, the sound joint was obtained. The
average tensile strength of the joint is 271MPa, which is 60% of the base metal. The center hardness of the weld is 85. 4HV,
which is 78% of the base metal. In the joint, the grain in the heat-affected zone is coarsened, the hardness is reduced, and the
grain in the fusion zone is dendritic grain, which is easy to produce hydrogen holes in the process. In addition, the grain is
equiaxed at the center of weld. This research is conductive to obtaining a well-formed laser-MIG hybrid welding joint of A7NO1
aluminum alloy. In addition, the grain is equiaxed at the center of weld.
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Table 1 ~ Chemical compositions of A7NO1 aluminum alloy and ER5356 welding wire (mass fraction)

element Al Si Fe Cu Mn Mg Cr Zn Ti
7NO1 balance 0.0030 0.0035 0.0020 0.0070 0.0200 0.0030 0.0500 0.0020
ER5356 balance 0.0025 0.004 0.0010 0.0020 0.0450 0.0010 0.0010 0. 0006
1.2 |{®WH*E FEHPIREERE 58 SRR AR LA SR WUE S . it

16 6mm JE [ TNO1 484 4 iR b F b fTioe- A A IBIREE RO 15 21 3R M BUE R 47, IF B AL
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Table 2 Welding test process parameters

laser power/ wire feed speed/ welding speed/ arc power/ line energy/
numbering groove type
kW (m -+ min~") (m - min~") kW (kJ-m™")
I 2.5 8.5 0.9 2.812 354.13
2# 3.5 8.5 0.9 2.812 420.80
3# no groove 3.0 8.5 0.9 2.812 387.47
4* 3.0 8.5 1.2 2.812 290. 60
s* 3.0 8.5 0.75 2.812 464.96
6* Y-shaped 60° 3.0 9.0 1.0 3.028 361.68
7* Y-shaped 30° 3.0 9.0 1.0 3.028 361.68
8* 0.5mm clearance 3.0 9.0 1.0 3.028 361.68
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a—Y-shaped 60°, 3mm blunt edge b—Y-shaped 30°, 3mm blunt edge

c—I-shaped, 0.5mm clearance Fig.2 Size of the tensile specimen
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Fig.3 Schematic diagram of weld cross section
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Macroscopic morphology of joints and weld junction under different

Fig. 6

laser powers
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Fig.7 Macroscopic morphology of joints and weld junction under different

welding speeds
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Fig. 8 Relationship between welding speed and penetration, reinforcement

and weld width
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Fig.9 Macroscopic morphology of joints and weld junction under different

groove type
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Fig. 10 Relationship among the groove type, penetration, reinforcement

and weld width
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Table 3 Average tensile strength and elongation after fracture under each welding parameter
numbering 3* 4* 5# 6" 7* 8# average base metal
tensile strength R, /MPa 280 266 268 275 265 270 271 454
break elongation A/ % 4.0 4.5 5.5 4.5 3.5 4.0 4.3 9.0
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Fig. 11 Average tensile strength histogram under various parameters

Fig. 12 The fracture position of the tensile test piece
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