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Abstract of Thesis

Based on the joint quality of aluminum alloy to hot-dip galvanized (GI) steel by gas metal arc welding
(GMAW) is mainly determined by the growth of Fe-Al intermetallic compound (IMC) and presence of Zn which
are sensitive to the heat input to the base metal, the purpose of the present study is to develop and optimize the
pulsed GMAW based joining process on dissimilar materials; aluminum alloy to GI steel. Especially, this study
gave attention to alternating current (AC) pulse GMAW process which can control the current wave form as a
mixture of electrode positive (EP) polarity and electrode negative (EN) polarity for reducing the heat input to
base metal. The influence of different process parameters on the joint quality, and corresponding growth of the
IMC layer and defects are studied extensively. A coupled experimental and numerical analysis were carried out.
A three-dimensional numerical heat transfer model which contains the thermal effect of Zn evaporation was
developed using finite element method (FEM). IMC layer thickness at the joint interface was estimated from
numerically analyzed temperature histories and validated with the corresponding experimental results. As next
to the understanding of thermal characteristics of the aluminum alloy to hot-dip galvanized steel joints by AC
pulse GMAW, this study investigated the applicability of additional magnetic field to the AC pulse GMAW
process to join the aluminum alloy to GI steel joining process by improving the energy balance for the reduction
of Fe-Al IMC and defects.
In chapter 1, a review of dissimilar materials joining process and the characteristics of GMAW were described.
Based on the reviewed issues, the purpose of this study was determined.
In chapter 2, a numerical study was carried out to investigate the effect of zinc evaporation and the effect of
current waveform on the joint quality in AC pulse GMAW. A 3D heat transfer model was developed through
FEM. EN ratio was varied as a process parameter and applied to the "with Zn evaporation" and the "without
Zn evaporation” model, respectively, for the heat conduction analysis and estimation of the IMC layer growth.
In chapter 3, effect of current wave form as process parameters on the formation of IMC layer and on the
mechanical properties of aluminum alloy to steel joints by AC pulse GMAW was investigated. A comparative
experimental study was carried out by evaluating the joints characteristics through high-speed camera,
macroscopy, scanning electron microscope with energy dispersive X-ray spectroscopy (SEM-EDS), and electron
probe microanalyzer (EPMA). Moreover, the mechanical characteristics of the joints were investigated through
Vickers hardness test and tensile-shear strength test to secure the reliability of AC pulse GMAW process.
In chapter 4, the effect of the gap bridging on the joint properties of the aluminum alloy to GI steel joints by AC
pulse GMAW was investigated. A comparative experimental study on the joints was carried out by evaluating
the joint characteristics through macroscopy and SEM-EDS. Further, the mechanical strength of the joints was
investigated through tensile-shear strength test to secure the reliability of gap bridging.
The last chapter is, an applicability of the additional underneath magnetic field on the aluminum alloy to GI
steel joining process by AC pulse GMAW was investigated. The effect of the additional magnetic field direction
on the weldability was mainly focused. In here, the current waveform and the direction of a constant additional
magnetic field were varied as process parameter; the current waveform as direct current (DC) and AC as 20%
of EN polarity ratio, and the magnetic field direction to the aluminum, steel, rear, and front side, respectively.
As a result, the joint efficiency was increased up to almost 87% by applying the additional magnetic field to rear

side, which induces the additional Lorentz force to the steel side.
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