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Abstract of Thesis

Tandem—pulsed gas metal arc welding (TP-GMAW) is one of the welding techniques with application in heavy and
automotive industries due to higher productivity and deposition rate in comparison to conventional single
wire cases. However, the weld profile in tandem mode exhibited finger—shape penetration, even though shielding
gas included 20% of CO;. On the other hand, the workpiece vibration is one of the techniques to control the
microstructure of the weld metal and heat affected zone (HAZ), such as decreasing the number of blowholes,

refining grain size, and HAZ morphology modification.

Incidentally, it was found that a specific vibration mode changed the finger—shape into pan—bottom penetration
in the tandem—wire welds, despite the input energy of workpiece vibration was smaller than the arc welding

To understand the mechanism, the microstructure observation and EPMA elemental analysis of the tandem-wire
welded specimens were performed in different kinds of vibration modes. The Si elemental mapping of the weld
metal indicated that filler droplets including more Si than the base metal were sheared and distributed

uniformly in the weld pool assisted by sine—mode of vibration.

As the complex condition of GMA welding, there is a high potential for using the numerical model to isolate
and investigate the importance of each parameter during the process. Among all available numerical solutions

two different schemes adopted to this study: finite element method (FEM) and finite difference method (FDM).
The coupled Eulerian Lagrangian (CEL) technique based on FEM was used for analyzing the velocity change inside
the weld pool by applying the vibration. The simulation suggests that the increase in the fluid flow velocity
along the welding direction at a specific frequency of workpiece vibration led to bringing the high—temperature
material to the position where the final penetration shape was determined. Consequently, the penetration bottom
would be widened and the middle of the fusion line would be deepened, leading to penetration shape change

to relatively pan—-bottom shape.

To investigate the heat transfer and material flow in the presence of vibration the other scheme, FDM was
used by governing equations of mass, momentum, and energy conservation in a three—dimensional model of the
tandem—pulsed GMAW. Decreasing the mesh size to 0.15 um with consideration of the temperature-dependent
Marangoni force and supporting the volume of fluid (VOF) technique led to reproducing the profile and the
molten material flow in agreement with OM images at different conditions of welding. It was found during the
operation of pulsed welding the heat followed a very stable pattern although the fluid streams constantly
changed at the rear region of the weld pool which is responsible for final geometry of penetration. It was
suggested the Sulfur concentration at the free surface improves the penetration depth by reducing the negative
gradient of surface tension in Fe-C alloys. Applying the vibration decrease the heat input by affecting the
free surface behavior and the synergic machine suggested that playing an important role in the penetration

shape change, although the molten material flow was caused by the balance of all related forces in the welding




