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Abstract: Welding experiments on dissimilar metals of AZ31B magnesium alloy and HC260YD+Z galvanized steel were
conducted using resistance spot welding. The effects of welding current on the mechanical properties, fracture modes, and
microstructure of the joints were investigated. The results show that as the welding current increases, the nugget diameter of
the joint gradually increases, while the indentation depth and tensile shear force first increase and then decrease. When the
welding current is low (less than 8 kA), the fracture mode of the joint is interfacial fracture. As the current increases to 10
kA, the failure mode changes to button fracture with partial nugget pull-out. The joint achieves the maximum shear strength
of 3.83 kN under the welding conditions of 10 kA current, 24 cycles welding time, and 2.0 kN electrode pressure. In the heat-
affected zone on the magnesium side, the microstructure mainly consists of coarse equiaxed grains, while the nugget center
is composed of fine equiaxed dendrites, and the edge zone is dominated by columnar dendrites. A small amount of the Mg~
Ali2 second phase precipitates at the grain boundaries within the nugget zone. Intermetallic compounds, mainly Fe2Als, form

at the joint interface, leading to an average hardness in the interfacial region that is higher than that on the magnesium side.
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Table 1 Chemical composition of base metals (wt. %)

182v) Al Zn Cu Mn Si Ni C S P Ti \Y% Nb Mg Fe
AZ31B 318 096 0004 032 0025 0.001 — — — — — — & —
HC260YD+Z  0.027  — — 1538 002 @ — 0.082  0.020 0.028 0248 0260 0061 —— A

x2 BMAFMERE

Table 2 Mechanical properties of base metals

Jif-s PURIREE R /MPa IR R /MPa (IR /%
AZ31B 274 173 8.9
HC260YD+Z 414 293 432

1.2 BEFE

IR R F RSW-DTB-90 4 v i £ 3 i MEHL e
TTRRHE R FHEE T N L 8 0 A R4 #582
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Table 3 Resistance spot welding parameters of Mg/Steel
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Fig. 1 Tensile diagram of spot welded joint(Unit: mm)
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Fig.2 Joint morphology at different welding current: (a)7 kA;

(b)8 KA; (c)9kA; (d)10 kA; (e)11 KA
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Fig. 4 Tensile shear force of the joint at different welding current
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Table 4 Results of joint mechanical performance tests and fracture

modes
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Fig. 6 Magnified views of local regions A and B in Figure 5: (a)region

A in Figure 5; (b)region B in Figure 5
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Fig. 7 XRD pattern at the interface of the joint with Al intermediate
layer added
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Fig.9 Microstructure of magnesium alloy side of joints: (a) Microstructure characteristics of the area from base metal to molten core; (b) the heat

affected zone; (c) and (d)magnified views of FZ I and FZ II, respectively
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(a)core zone; (b)interface
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Table 5 EDS analysis results of interfacial chemical composition of

spot welded joint (at. %)

{7 & Mg Al Zn
1 69.43 27.73 2.84
2 72.23 24.52 3.25

TERHE , & Mg Fe Al .Zn G, AR ({37 % 3) L) Fe
JLE A E(82.99 at.% ) , [Al B % A b 1 i) Mg (3.91
at.%) M O(12.2 at.%) , /L5 Mg 5 Fe N B %07, {5
Zn R A 1 I8 )2 0 Mg-Fe JE TR 4L T HGEE , 5
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Fig. 11 Microstructure of magnesium/steel joint: (a)joint interface; (b)line scan; (c)surface scan
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Table 6 Spot Weld Head Interface Point Scan Analysis Results (at. %)
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Fig. 12 Schematic diagram of joint microhardness distribution
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