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Fig.1 Schematic diagram of electromagnetic pulse welding (a); current vs. time curves under different discharge energies (b); schematic diagram

of electromagnetic and structural modules (c); schematic diagram of SPH model (d)
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Table 1 Chemical composition of LA103Z (wt%)

Li Al zn Fe Cu Si Mg

10.15 3.02 3.05 <0.01 <0.01 <0.01 Bal.
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Fig.2 Contour plots of the induced magnetic field (a); variations of magnetic field intensity with discharge energy (b) and distance (c)
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Fig.3 Induced current magnitude and distributions on the 1060Al
flyer plate at different moments within a discharge cycle
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Fig.5 Lorentz force magnitude and distributions on the 1060Al at different moments within a cycle
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Fig.6 Deformation process of the flyer plate: (a) 8.69 s, (b) 9.69 ps, (c) 10.43 us, and (d) 10.72 ps
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Fig.8 SPH simulation morphologies of the joint under discharge
energy of 38 kJ: (a) complete interface morphology;
(b) magnified view of the metal jet; (c) enlarged view of a
portion of the wavy interface
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Fig.12 SPH-simulated interface morphologies under different
discharge energies (a—d), interface temperature distribution at
38 kJ (e) and EDS element line scanning results and line
scanning position at 38 kJ (f)
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Fig.13 Mechanical properties of the joint and comparison of joint strengths using different welding methods: (a) tensile shear force vs.

displacement curves of the joints under different charge energies; (b) statistics of the maximum tensile shear force of the 1060Al base

material and the joints under different charge energies; (c) comparison of Mg/Al welding joint efficiency (RSW-resistance spot welding,

FSW-friction stir welding)
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Effect of Discharge Energy on Interface Morphology of LA103Z/1060Al Dissimilar
Materials in Electromagnetic Pulse Welding

Sun Suiping, Xie Jilin, Liu Guanpeng, Wang Shanlin, Zhang Timing, Chen Yuhua
(Jiangxi Key Laboratory of Extreme Manufacturing Technology for High-End Equipment, Nanchang Hangkong University,
Nanchang 330063, China)

Abstract: The connections of dissimilar materials LA103Z magnesium-lithium alloy and 1060Al alloy were achieved by electromagnetic pulse
welding (EMPW). The effects of discharge energy on interface morphology, wave formation mechanisms, and element diffusion were
systematically investigated through numerical simulations and experiments. The results indicate that the induced magnetic field and current are
determined by the welding current’s magnitude and rate of change, respectively. The increase in discharge energy enhances the Lorentz force
experienced by 1060Al, thereby increasing the impact velocity, while the impact angle almost remains unaffected. The rebound phenomenon,
which alters the contact state between the flyer plate and the target plate, is identified as the key factor in forming the annular weld seam. Both the
simulated and actual interface morphologies are sinusoidal, with the amplitude increasing from 3.02 um at 32 kJ to 6.48 um at 38 kJ. The wave
formation is attributed to shear-induced instability and metal-plastic flow triggered by high-speed collision. No melting is observed at the
interface. The maximum shear strength of the joint reaches 90.38% of that of the aluminum base material. Numerical simulations confirm that the
interface temperature remains below the melting points of both base materials, which is critical for improving the mechanical performance of the
joint.
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