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Abstract of Thesis

The use of arc welding to join the aluminum and steel caused the formation of brittle intermetallic compound
(IMC) at interface of aluminum and steel. Since the formation of IMC is closely related to the heat input into
base metal, the control of heat input is worth to control the IMC thickness. In this study, the plasma MIG
welding process with the controlled plasma flow in surrounding of the MIG wire is used to control the heat input
into base metal. In chapter 1, a general review regarding to plasma MIG welding process and the importance of
controlling the heat input into base metal were described. The literature review on the researches that related
to the droplet temperature measurement through various method and the issues in joining the aluminum to
steel were highlighted. Based on the highlighted issues, the purpose of this study was determined. In chapter
2, the plasma MIG welding system and the methodology of the experiment were scrutinized. In the experiment
of temperature measurement, there were two main measurement were done, droplet temperature measurement
through two color temperature measurement method and plasma temperature measurement through
spectroscopy analysis by using Fowler-Milne method. Metal transfer observation through camera observation
and shadowgraph were also elucidated in details. Basically, the materials used in the experiment were carbon
steel and aluminum. In chapter 3, the results of the temperature measurement and metal transfer observation
phenomena were presented to discuss the factors affecting the droplet temperature in DCEP plasma MIG
welding process. It is suggested that the presence of plasma flow in surrounding of the MIG wire promotes the
divergence of MIG current at the higher position of MIG wire above the droplet. The divergence of MIG wire
leads to the dispersion of heat and electromagnetic force to the MIG wire. These dispersions consequently reduce
the heat flux into the droplet results in the lower droplet temperature. By this mechanism, the droplet
temperature can be reduced maximally 500 K compared with that in conventional MIG welding. In chapter 4,
the results of temperature measurement and metal transfer observation in pulse DCEP were presented to
validate the mechanism in reducing the droplet temperature by using the plasma MIG welding. The metal
transfer behavior is observed to be the same with that when the DCEP system was used. The formation of
gradual taper and smooth droplet detachment that being observed during welding by using DCEP process can
be seen in pulse DCEP process as well. The results of the droplet temperature measurement also show that the
use of pulse plasma MIG welding is able to reduce the droplet temperature approximately 200 K compared with
the pulse MIG welding process. Indeed the use of pulse DCEP plasma MIG welding capable to further reduce
another hundreds Kelvin compared with that in DCEP plasma MIG welding. Therefore, it is suggested that the
droplet temperature reduction in pulse plasma MIG welding is dominated by three main factors, namely the
reduction of heat flux into the droplet through the dispersion of heat and force as an effect of the plasma flow
surrounding the MIG wire, the limitation of heat flux during base current in pulse DCEP system and the cooling
effect during base metal. In chapter 5, the mechanism of the droplet temperature measurement in pulse plasma
MIG welding process was applied to control the IMC thickness in Al/Steel dissimilar joining. At about 90 A of
MIG current, the IMC thickness measurement at interface of Al/Steel show that the use of pulse plasma MIG
welding process results in the formation of a thinner IMC layer compared with that in pulse MIG welding. The
EPMA analysis shows the formation of FezAls in pulse plasma MIG welding is thinner compared with the one
in pulse MIG welding. This phenomenon suggests that the high heat input due to the high peak temperature in
pulse MIG welding results in the high diffusivity of Fe into molten aluminum during heating process and
promotes the formation of FezAls. The use of pulse plasma MIG welding is able to reduce the peak temperature
by its mechanism to reduce the droplet temperature. Low heat input suppresses the formation of FezAls and

consequently decrease the IMC thickness in total.
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