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To improve fuel consumption of automobiles, reduction in weight of automobile parts is a
key issue. For the reduction, high strength steel and aluminum alloy sheets having high specific
strengths are attractive as materials of automobile parts. In this study, steel sheets having different
strengths were joined with an aluminum alloy sheet by cold plastic forming. The cold plastic
joining methods are self-piercing rivet and mechanical clinching. Mechanism and process of both
joining methods are designed by finite element simulation and experiment.

The joinability of aluminum alloy and mild steel sheets using the self-pierce riveting was
evaluated by finite element simulation and experiment. In the self-pierce riveting, requisites for
joining the sheets are given by (1) driving of rivet leg through upper sheet, (2) flaring of rivet leg
in lower sheet and (3) no fracture of lower sheet. Optimum joining conditions were obtained by
categorizing of defects. Defects of driving through of the upper sheet and the fracture of the lower
sheet were due to small thickness of the lower sheet and small total thickness, respectively. The
joinability of a combination of steel for upper sheet and aluminum for lower sheet was higher than
that of reverse combination.

Various high tensile strength steel sheets and aluminum alloy sheet were plastically joined by
the self-piercing rivet driven through upper sheets and flared in lower sheet with a die. Insufficient
driving through of the upper sheet and fracture of the lower sheet were due to the high hardness
and low ductility of ultra high strength steel sheet, respectively. Joining range of the ultra high
tensile strength steel and aluminum alloy sheets was extended by means of dies optimized using
finite element simulation.

Two types of three sheets combinations, one is all aluminum alloy sheets and the other
various strength steel and aluminum alloy three sheets were joined by the self-piercing rivet,
respectively. Requisites for joining the three sheets are the driving of the rivet leg through of the
upper and middle sheets, the flaring of the rivet leg in the lower sheet and no fracture of the lower
sheet. The joinability for the sheet combination soft upper sheet and hard middle sheet was higher
than that for reverse combination because rivet tip was avoided deformation. Therefore rivet tip
drove through the middle sheet easily. The joinability of the two sheets was available for a case of
joining three sheets when the upper and middle sheets were same material.

Aluminum alloy sheets were joined by aluminum alloy self-piercing rivet to simplify
recycling of cars. For the joining of aluminum alloy sheets by the aluminum rivet, joinability was
improved by designing of optimal shape of the rivet and die. To drive through the upper sheet,
diameter and edge angle of the rivet are modified. Diameter of cavity and depth of the die were
also designed using finite element simulation. The effectiveness of the designed rivet and die were
evaluated from experiment of riveting. The aluminum alloy sheets were joined by the optimized
aluminum alloy self-piercing rivet.

Various strength steel and aluminum alloy sheets were joined by mechanical clinching. In the
mechanical clinching, requisites for joining the sheets are given by (1) no fracture of upper sheet,
(2) flaring of upper sheet in lower sheet and (3) no fracture of lower sheet. Deforming behavior of
two sheets during the clinching were observed by finite element simulation and experiment to
avoid defects. Fracture of the upper sheet, insufficient of flaring of the upper sheet in the lower
sheet and fracture of the lower sheet were due to the low ductility, high hardness and low ductility
of the high strength sheet, respectively. Joining range of high tensile strength steel and aluminum
alloy sheets were extended by means of dies optimized by finite element simulation.




