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Abstract: To promote the further application of high-strength aluminum alloys in the aviation field, the
7050-T7451 aluminum alloy with 4 mm thickness is carried out by laser-melt inert-gas (MIG) hybrid
welding. The results show that a well-formed weld seam can be obtained with reasonable matching of
welding parameters, while welding at higher speeds is easy to produce cracks. When the welding speed is
controlled at 0.9 m/min or below, and the weld back-width ratio is controlled above 0.4, the cracks and
porosity defects can be effectively suppressed. The weld zone is mainly composed of equiaxed grain
structures with significant differences in size. Near the fusion zone, there is a fine-grained layer
approximately 20-50 pm wide, and only a minimal amount of columnar grains forms adjacent to this fine-
grained layer. No phase transformation or recrystallization occurs in the heat-affected zone. The as-welded
joint achieves an average tensile strength of approximately 377 MPa, equivalent to about 73% of the base
metal strength, significantly outperforming the tensile properties of laser self-fusion welded joints.

Key words: 7050-T7451 aluminum alloy; laser-arc hybrid welding; weld formation; back-width ratio;
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Table 1 Chemical compositions of 7050-T7451 aluminum alloy and filler wire (mass fraction/ %)

Material Si Fe Cu Mn Mg Cr Zn Ti Zr Al
7050-T7451 <0.12 <0.15 2.0-2.6 <0.10 1.9-2.6 <0.04 5.7-6.7 <20.06 0.08-0.15 Bal.
ER5356 0.25 0.40 0.10 0.05-0.20 4.5-5.5 0.05-0.20 0.25 0.15 Bal.
xR2 BHFIELMRHELE 85 Welding direction
Table 2 Tensile properties of base metal and filler wire il =
Material Tensile strength/  Yield strength/ Ultimat'e
MPa MPa elongation/ %
7050-T7451 517 441.5 7.25
ER5356 268 152 20.5
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Fig.1 Sketch of laser-MIG hybrid welding
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Table 3 Main welding parameters of laser-arc hybrid welding

Laser power/kW  Welding current/A
2.0-4.5 50-100

Welding speed/(m-min ')
0.9-3.0
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Fig.2 Diagram of tensile specimen dimensions
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Fig.4 Effect of welding current on weld center reinforcement
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Fig.8 Structures of 7050-T7451 aluminum alloy joints by laser-arc hybrid welding

(a)cross-section macroscopic morphology ; (b)microstructure of A zone in Fig.(a) ; (¢)microstructure of B zone in Fig.(a)
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Table 4 Tensile test results of welded joints

Material state

Sample number

Tensile strength/MPa

Yield strength/MPa  Ultimate elongation/ %  Fracture position

Joint by laser-arc hybrid welding H1 359 308 1.5 Near the fusion zone
H2 379 301 2.0 Near the fusion zone
H3 394 295 2.5 Near the fusion zone
Average 377 301 2.0
Joint by laser welding"'* 307 1.08 Welding zone
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Fig.11 Stress-strain curves of baser metal(a) and welded joints(b)
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Fig.12 Tensile fracture position of 7050-T7451 aluminum alloy by laser-arc hybrid welding

(a)surface of the joint; (b)back of the joint
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