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Research on Arc and Metal Transfer Phenomenon in Metal Flux-cored Arc Welding
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In the gas metal arc welding (GMAW) process, the metal transfer significantly affects the process stability
welding quality, and productivity of the process. During the process, welding parameters such as welding current
and voltage, shielding gas, or wire electrode design will affect the driving forces on molten metal droplet
which leads to a change in metal transfer mode. The metal transfer behavior for a conventional solid wire
was well investigated through many experiments and simulation studies. Meanwhile, to improve welding quality
and productivity, a flux—cored wire can be used. However, the metal transfer behavior for a flux-cored wire
was not understood well. This study investigated the arc phenomena and metal transfer behavior of metal
flux—cored wire in gas metal arc welding. Experimental and numerical approaches were applied to comprehensively
understand the metal transfer behavior of the metal flux—cored wire and compare it to solid wire. Three aspects
were evaluated: the wire composition, wire structure, and shielding gas composition. In Chapter 1, the
background, statement of research literature, objectives, and structure of this dissertation were described
In Chapter 2, the experimental methods and the fundamental observation techniques were introduced. In Chapter
3, the effect of wire composition on metal transfer behavior was investigated. A small amount of an alkaline
element as sodium was added to four prototyped wires with 0, 0.028, 0.056, and 0.084 mass% sodium. The
experiments using a high—-speed camera and laser illumination were conducted to measure the metal transfer
frequency for wires. Further, iron and sodium plasmas distribution were investigated using bandpass filters
suitable for each atom spectrum. The results show that the metal transfer frequency increases with only a
small amount of sodium in the wire. In Chapter 4, the influence of wire structure on the metal transfer behavior
was elucidated, where a solid and three metal flux—cored wires with flux mass ratios of 10, 15, and 20% are
compared. Experiments were performed using a shadowgraph technique with back—laser illumination and high-speed
camera observation. The metal transfer frequencies of four wires were measured under three welding currents
of 220, 250, and 280 A. The result in this chapter shows that metal transfer frequency increases with flux
ratio and welding current. In Chapter 5, the effect of shielding gas on metal transfer behavior was measured
Firstly, the transfer behavior of a solid and a metal flux—cored wire was measured in the pure argon shielding
gas. The observation was carried out using a high—speed camera with laser assistance and bandpass filters
to observe iron and argon plasmas. Then the effect of C02 content in the shielding gas was investigated by
comparing seven types of argon and C02 shielding gas mixtures, including 5, 10, 15, 20, 25, 50, and 100% C02
under welding currents of 220, 250, and 280 A. The results show that for solid wire, metal transfer frequency
monotonically decreases with increasing the CO2 content added to the shielding gas. On the other hand, for
metal flux—cored wire, the metal transfer frequency achieves a maximum at 15% CO2. At 15% CO2, the arc is
attached under the tip of unmelted flux, which increases the electromagnetic force acting on the molten droplet
to improve neck formation necessary for droplet detachment. In Chapter 6, the metal transfer behavior of metal
flux—cored wire through a numerical simulation was evaluated. A model compares solid and metal flux—cored
wires at 250 A welding current in the pure argon shielding gas. The results show good agreement with experimental
results, which contribute to a comprehensive understanding of the metal transfer behavior. In Chapter 7, all
mechanisms of the metal transfer and arc phenomenon of GMAW with solid and metal flux—cored wires based on
the result of experiments and simulation were discussed. Further, some extended works are suggested from the

results of this study. In Chapter 8, a conclusion as a summary of all findings in this thesis was presented
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