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A study on weld pool formation process in plasma keyhole arc welding
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The main purpose of this study is to clarify weld pool formation process and the correction between
weld pool convection with welding defects in plasma keyhole arc welding through experimental
observation.

In chapter 1, a general review on PKAW process was described to show the present issues. Based on
the above issues, the purpose of this study was determined. Also this chapter proposed the
methodology to solve purpose of this study.

In chapter 2, methodology of the comprehensive experiment including measurement of
three-dimensional convection inside weld pool, measurement of convection on the surfaces of weld
pool, measurement of temperature field on weld pool surfaces was described in details. In addition,
welding conditions, welding apparatus system, coordinate system, etc. were also described in details.

In chapter 3, the results of the comprehensive experimental measurement were presented for
discussing the relative strength of driving forces of the weld pool convection to find the dominant
factor to control the weld pool formation process. Consequently, the shear force due to plasma flow was
found to be the dominant driving force in weld pool formation process in PKAW. Thus, the heat
transport in the weld pool is considered to be governed by two large convective patterns near keyhole:
(i) eddies pair on the surface (perpendicular to the torch axis), (ii) eddies pair on the bulk of the weld
pool (on the plane of the torch). They are formed with equal velocity of approximately 0.35 m/s and are
mainly driven by shear force. Furthermore, the flow velocity of weld pool convection becomes
considerably higher than that of other welding process such as TIG welding and GMA welding due to
larger plasma flow velocity. Thus, since shear force is primarily determined by the pattern of the
plasma flow around the keyhole, it is strongly influenced by the keyhole shape.

In chapter 4, based on the results in chapter 3, the influence of welding parameters on the weld pool
formation process through changes of arc and keyhole states was discussed. The series of welding
parameters were changed including: nozzle diameter; plasma gas flow rate; welding current; welding
speed to discuss the relationship between the convection and heart transportation of weld pool with
welding defect formation process during welding process. As a result, it is found that, in PKAW,
generally two large eddies are produced in the weld pool just behind the keyhole mainly through the
shear force by the plasma flow acting on the weld pool surface. The magnitude, extent and direction of
the shear force is thought to be determined primarily by the keyhole shape.

In chapter 5, based on the results in chapter 3 and chapter 4, PKAW was applied to plasma-MIG
hybrid welding process of thick steel plates with square grooves based on the understanding of the
weld pool formation process of PKAW.
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