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WFZER RO EE (3530) @ Metal jet emission and weld interface formation in impact welding
were investigated for dissimilar metal lap joints. Numerical simulation of oblique
collision between metal plates was performed using smoothed particle hydrodynamics (SPH)
method for various plate thicknesses, collision velocities, and collision angles. Metal
jet emission and formation of the characteristic wavy weld interface in impact welding
were reproduced successfully. The composition of the metal jet was governed by the degree
of relative density difference between two metals. Several types of lap joints were
fabricated by magnetic pulse welding (MPW). Experimental results were in good agreement
with the simulation results.
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Fig. 2 General outline of magnetic pulse welding.
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Table 1  Analytic conditions for oblique collision.

[1] Under various collision angle and collision velocity

[2] Under various plate thickness

Combination and
plate thickness
57,107, 157, 207, 25°

150, 250, 400 m/s

Flyer: 5mm, Parent: 6 mm

Initial angle, o
Initial velocity, v;
Plate width
Smoothed length, i 10 um

Al/AlL Al/Cu, Al/Ni, Al/Mg, Cu/Ni
I mm (N1, Cu flyer plate: 0.3 mm)

I mm Al/Imm Cu, I mm Al/0.3mm Cu
2mm Al/0.3mm Cu, I mm Al/1.5mm Cu

157
150, 250, 500, 750, 1000 m/s
10mm

20um
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Fig. 3 Cross section of the Al/Mg lap joint. (a) Optical micrograph of
bulging region. (b) Backscattered electron image of the weld interface.

Fig. 5 Backscattered electron images of weld interface in Al/Cu and Cu/Al lap joint. (a) Straight (b) Wavy (¢) Vortical.
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Fig. 6 Schematic illustration of typical welding window.
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Fig. 7 Simulation results of metal jet emission. Al/Al lap joint, initial

velocity is 400m/s and initial angle is 15°. (a) Ops (b) 1.0us (¢) 2.0pus
(d) 3.0ps.
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Fig. 8 Simulation results of metal jet emission for various plate thicknesses. Initial angle and initial velocity were fixed 15° and 500 m/s
respectively. (a) 1 mmAl/ImmCu (b) I mmCu/l mmAl (¢) I mmAl/L.SmmCu (d) 1.5mmCu/l mmAl (¢) 2mmAl/0.3mmCu
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Fig. 9 Simulation results of metal jet emission and hump formation at the collision point. Initial angle was 25° and initial velocity was
400 m/s. (a) Al/Al (b) Al/Cu (c) Cu/Al (d) Al/Ni (e) Cu/Ni. The movement directions of collision points are also shown.
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Fig. 10 Simulation results of metal jet emission of Al/Mg lap joints. Initial velocity is fixed 400m/s (a) Initial angle is 15° (b) Initial

angle is 25°.
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Table 2 Physical parameters for materials.

Density. Shear modulus Melting Temperature
p/gem™? G/GPa [8] Tn/°C
Al 2.69 27.1 660
Mg 1.78 16.5 650
Cu 8.96 47.7 1085
Ni 8.90 85.5 1455
Al/Cu
v
Cu/Al H
Glass only
20 30 40 50 60 70 80

Fig. 11 X-ray diffraction patterns of collected metal jet emitted during
magnetic pulse welding.
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