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Abstract of Thesis

In this thesis, a comprehensive experimental study was done to make clear the behaviors of cathode spot in
welding arc and apply this knowledge to improve the efficiency of the AC TIG welding on aluminum. In order to
investigate the behaviors of the cathode spot, the observation experiments were produced with the high-speed
camera video. Furthermore, the external magnetic field was applied to the AC TIG welding process of thick
aluminum plates based on the understanding of the cathode spot phenomenon as a heat source.

In chapter 1, a general review of the aluminum welding and cathode spot phenomenon were described. From that,
the present issues were pointed out to be the improvement of aluminum welding. Based on the above issues, the
purpose of this study was determined.

In chapter 2, methodologies of the comprehensive experiment including high-speed observation of cathode spot in
EP polarity of AC TIG welding, measurement surface condition with the cleaning action by cathode spot,
measurement of temperature field on weld pool surfaces was described in details.

In chapter 3, the behaviors of cathode spot such as the formation, movement, distribution, and velocity during EP
polarity in AC TIG welding was revealed quantitatively based on the HSVC observation. The first cathode spot
appeared and divided on the solid surface outside the weld pool. Following this, those moved rapidly toward the
weld pool center. The new cathode spot in EP polarity was formed by the division of old cathode spot. As the EP
polarity time went by, almost the cathode spot had outward movement from the weld pool. The average number of
cathode spot was very low around the center in argon case and almost zero within around a radius of 2.0 mm of
helium case in the whole of EP polarity. The mechanism of gases (helium, argon) influence on behaviors of
cathode spot is suggested to relate to the ionization potentials of gases and metal. The high ionization potential of
helium gas led to the highly-ionized state inside the cathode spot. The strong electrical field led the high current
per spot value, high velocity and the absence of cathode spot in the weld pool center of helium case.

In chapter 4, the influence of base metal was tested by changing of material from pure aluminum (A1050) to
aluminum alloy (A50552). As a result, firstly, the average value of current per spot in case of A5052 was halved
compared to that in case of A1050. Secondly, the central area, where the cathode spot did not exist, has a larger
radius than that in case of A1050. Thirdly, the average velocity of cathode spots were lower than those on case of
A1050. The easy evaporation of magnesium in A5052 could cause the change of the plasma properties over the
weld pool, thus affecting the behaviors of cathode spot.

In chapter 5, to discuss heat transfer from AC arc to the base metal, the temperatures of weld pool surface in the
start and the end of EP polarity were measured by two-color pyrometry method. As a result, the temperatures at
the center at the start of EP polarity were greater than that at the end of EP polarity and decreased gradually
toward the edge of the weld pool. At the start of EP polarity, the surface temperature at the central area increased
up to around 2270 K (helium case) and 1400 K (argon case). The absence of cathode spot in the central area of the
weld pool gave a prediction that the surface temperature below approximately 1300 K to be a necessary condition
for the presence of cathode spot.

The last chapter is, to apply the findings in previous stages to improve the AC TIG welding of aluminum. The
cathode spot, which is the heat source, could make the surface temperature locally increase. However, on the
opposite side, the increase of surface temperature over 1300 K could lead to the expansion of cathode spot group.
From that, the heat did not concentrate in the center. In this chapter, to concentrate the heat input of cathode
spot in argon AC TIG welding of aluminum, the external magnetic field was applied. As a result, the penetration

depth increased up to almost double by applying the optimum strength of the external magnetic field.
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