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Spot joining methods of structural metal materials were studied for multi-material
lightweight car body design.

1. In resistance spot welding of ultra-high-strength steel sheets, the generation of expulsion could be
suppressed and large-diameter nuggets could be formed by using a concave electrode. The expulsion was
suppressed because the clearance for expansion was formed when using the concave electrode. In addition,
a transition from partial interfacial fracture to pullout fracture occurred as the nugget diameter increased,
and the cross-tension strength tended to increase. Thus, we propose using a concave electrode to improve
the joint strength in the spot welding of ultra-high-strength steel sheets.

2. The cracking behavior in spot welding of aluminum alloys has been investigated, and the following has
been found. (1) The forms of fractures suggested that cracking in the nugget was solidification cracking and
the one in the HAZ was HAZ burning. (2) The size of cracks and tensile residual stress in the radial
direction of the weld could be reduced either by extending welding time or by preheating the sheets. In other
words, the increase in the temperature around the weld nugget seemed to cause the decrease in both tensile
stress and the ill chance of cracking.

3. Bonding between ultra-high-strength steel sheet and Al alloys was successfully improved by
using friction surfacing and activation spot joining. This new procedure, called FSuSW, consists of
pressing a rotating consumable Al tool into the side of the Al sheet bonded to the steel sheet. The tool
is held in place for a specified time until an overlay is formed, and then it is removed to form the spot
joint for the Al/steel bond. In this technique, a hole is first drilled from the Al side. The hole increases
the plastic flowability and readily exposes a fresh Al surface. SPC980DP ultra-high-strength steel and
AB061-T6 Al alloy, materials of high interest for light structural applications, were bonded in this
study. When high tensile steel with a thick oxide surface film was polished before the bonding
process, the tensile shear strength and cross tensile strength of the joint were approximately twice

those of a joint of unpolished steel. The oxide layer remaining in the bond interface was greatly




reduced by the polishing treatment; it was found that the thin (several tens of nanometers) Fe-Al
compound layer formed at the same time was a factor in the improvement of joint strength. A value of
about 6 kN (tensile shear strength) was obtained, which was equal to mechanical joint level. In terms
of fatigue property, the value of superior time-intensity and comparable fatigue limit was obtained by

FSuSW relative to conventional FSSW.




