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Abstract: The influence of line energy on the microstructures, microhardness and ultimate tensile
strength (UTS) of gas tungsten arc welded (GTAW) hot extruded AZ91D magnesium alloy plates
were investigated by microstructural observations, quantitative analysis of grain size, microhardness
tests and tensile tests. The results show that the weld prone to emerge defects such as incomplete
penetration and porosity if the line energy is too low,and the grains both in the fusion zone (FZ) and
the heat-affected zone (HAZ) increased with an increase of the line energy. Moreover, an increase of
the line energy result in transition of low melting eutectic products from continuous shape to particu-
late shape in both the FZ and the HAZ. The microhardness and ultimate tensile strength (UTS) of
the welded joint increased with an increase of the heat input, however, an over high line energy re-
sults in a decrease both for the microhardness and the ultimate tensile strength of the welded joint.
When the line energy increases to a certain amount, the effects of grain size (Hall-Page effect) , evaporation of
zinc and over aging on the properties of metallic materials are greater than that of dispersion strengthened
(Orowan strengthening mechanism), and the H-P effect is of the dominant on the material properties.
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Table 1 Chemical composition of the experimental materials (mass fraction/ %)
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Table 2 The welding parameters in the experiment

Sample I/A v/(mmes ') L/(J+mm )
a 80 8 65.0
b 90 8 73.1
c 100 8 81.3
120 8 97.5
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Fig. 1 Schematic diagram of sample for tensile test (Unit: mm)
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Fig. 2 OM images of a typical GTAW welded joint of AZ91D magnesium alloy (97.5] « mm ™)
(a)whole welded joint; (b)BM; (c)FZ; (d) HAZ
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Fig.3 SEM images (a) and EDS analysis spectrum 1(b) and spectrum 2(¢) for the fusion zone
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Fig.5 Images of microstructure in HAZ of GTAW welded joints with different heat inputs
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Fig. 6 Images of microstructure in FZ of GTAW welded joints with different heat inputs
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Table 2 The average grain size and the percentage of area occupied of § phase in the heat-affected zone and fusion zone

L/(J*mm 1) 65 73.1 81.3 97.5

HAZ Average grain size/pm 13.640.68 15.940. 80 19.240.96 20.2+1.01
Area [raction of B-phase / % 2.3 3.1 4.9 7.8

- Average grain size/pm 10.240. 68 11.940. 60 12.340.62 13.440.67
Area fraction of p-phase / % 8.1 8.3 8.4 9.2
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Fig. 7 Distribution of micro-hardness in welded joints

cross-section at different heat input
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a-Mg in HAZ and FZ
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Fig. 10 Ultimate tensile strength of GTAW welded hot extruded

AZ91D magnesium alloy joints under different line energy
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