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Abstract of Thesis

Resistance element welding (REW) is a new process in which a low carbon steel element is inserted into
the upper material and welded to the lower material utilizing the advantages of both the existing resistance
spot welding (RSW) and riveting processes. This process was proposed to solve the problems caused by
intermetallic compounds (IMCs) and significant differences of physical properties between dissimilar materials.
The REW process is expected to join dissimilar materials for future applications because it has excellent
manufacturing flexibility similar to the RSW mass production process widely used in car body assembly.

In the Chapter 1, a literature review on the current and next-generation bonding technologies for
lightweight alloys and ultra-high strength steels were conducted. Then the background and necessities of
development of REW were introduced. The structures of this doctoral dissertation are described.

In the chapter 2, the concept of REW process in joining Fe/Al for car body weight reduction was introduced,
and the relationship between the mechanical strength and macro/microstructures of the Fe/Al lap joints was
investigated. To clarify the fracture behavior, tensile-shear tests were conducted and strain as well strain rate
characteristics were measured using an in-situ digital image correlation (DIC) method. The influence of welding
current on the phase transformation during resistance element welding Fe/Al was studied by both numerical
analysis and experimental measurement. A martensite phase transformation occurred at the microscale in the
nuggets area. At the macroscale, the interfacial hooks were interlocked with the Al alloys, which was a robust
bonding mechanism and fundamentally enhanced joint strength.

In the chapter 3, the influence of microstructure and interface geometry on the mechanical fatigue
properties of Fe/Al lap joints of REW was investigated by experiments and simulations. The numerically
calculated stress values at the Fe/Al joining interface were compared with experimental ones. The REW process
showed the martensite formed due to a fast-cooling in resistance spot element welded nuggets of 980 MPa steel.
In addition, the formation of the hook increased the static strength by interlocking between the aluminum and
steel. On the other hand, since this interlocking may transfer more heat to aluminum alloys from the steel
element and increased the high temperature duration time, the grain size in the Al alloys becomes larger, which
had a little bit negative effect on fatigue life.

In the chapter 4, the heat affected zone (HAZ) at Al side of the resistance element welded Fe/Al lap joint
was focused for fundamental research. The micro-structures of REW joints with and without considering HAZ
at Al side, using developed Al HAZ-less system, were quantitatively evaluated. Through applying insulated
coating barrier on the surface of the steel element and preparing an air gap by enlarging the hole diameter of
Al plate, the size of HAZ at the Al side can be substantially suppressed which will be expected to contribute to
fatigue life extension. However, these two approaches have not contributed to static tensile-shear strength due
to the occurrence of interfacial failure, which can be improved by post heat treatment based on the recent
ongoing research.

The chapter 5 revealed the fatigue fracture response and microstructure behavior of resistance element
welded magnesium alloy AZ31B and dual phase DP780 plates. The martensite phase transformation at the
interface between the steel element and DP780 steel, as well as of the accompanied hook at the interface between
steel element and Mg alloys were clearly observed, which can have a positive effect on the mechanical properties.

Chapter 6 summarized the major features of this thesis and described future application issues, which can

provide a substantial alternative for lightweight alloys and ultra-high strength steel dissimilar joining.
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