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Abstract: The new-type Al-Mg-Zn alloy is a core candidate material for lightweight rail transit car bodies, yet the porosity
defects and softening issues of its fusion-welded joints remain insufficiently investigated. In this study, laser-TIG hybrid
welding was applied to 4 mm thick T6-tempered Al-7Mg-3Zn alloy. The effects of laser power (2.0, 2.4, 2.8 kW) on weld
bead formation, porosity behavior, and mechanical properties were systematically investigated by means of metallographic
observation, ImageJ image analysis, microhardness testing, and room-temperature tensile testing. The results show that both
the weld width and penetration depth increase monotonically with laser power, from 4.4 mm to 4.9 mm and from 2.8 mm to
3.5 mm, respectively. The porosity exhibits a non-monotonic trend of first decreasing then increasing with laser power:
0.87% at 2.0 kW, dropping to a minimum of 0.66% at 2.4 kW, and then sharply rising to 2.28% at 2.8 kW. This non-
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monotonic porosity variation is governed by the competing mechanism between molten pool dynamics and keyhole stabil-
ity — at lower power levels, the enlarged molten pool volume and reduced cooling rate facilitate bubble escape, while at
higher power levels, severe evaporation of low-boiling-point elements (Mg, Zn) induces keyhole instability and collapse.
The mechanical properties of the joints are significantly and negatively correlated with porosity. At 2.4 kW, the joint
achieves the best comprehensive performance, with an ultimate tensile strength of 298.32 MPa, an elongation of 10.23%,
and the minimum HAZ softening degree of 16.9%. The findings can provide theoretical guidance for welding process opti-
mization of the new Al-Mg-Zn alloy in rail transit applications.

Keywords: Al-Mg-Zn alloy; laser-TIG hybrid welding; laser power; porosity; mechanical properties
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Table 1 Chemical composition of Al-7Mg-3Zn alloy (wt. %)

Mg Zn Zr Si Fe Mn Ti Cu Cr Al Mg/Zn

1 HE-TIGESETRE
Fig. 1 Schematic diagram of laser-TIG hybrid welding
R3 HE-TIGEARIZSH
Table 3 Laser-TIG hybrid welding process parameters
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B Y e ,
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Fig.2 Surface morphology characteristics of AI-7Mg-3Zn alloy Laser-
TIG hybrid weld heads under different laser powers
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Fig. 3 Cross-sectional morphology of Al-7Mg-3Zn alloy laser-TIG hy-

brid welds under different laser powers
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Fig4 Effect of laser power on weld bead formation
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Fig. 5 Longitudinal cross-section of composite welded joint under

different laser powers
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Fig. 6 Line graph showing porosity variation with laser power
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Fig.7 Mechanism diagram of pore formation
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Fig. 8 Microhardness of composite welded joints under different laser

powers
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Fig. 9 Tensile properties of composite welded joints under different la-

ser powers
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