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Laser welding has advantages in high quality joining dissimilar materials and high precision joining with
minimal thermal distortion. However, due to the difference of dissimilar material properties, laser welding can
cause asymmetric molten pools, unstable keyholes, and uneven mixing. To clarify these phenomena,
experimental observation and a three-dimensional CFD simulation were conducted to study laser welding of
carbon steel and cast iron with a nickel-based filler wire. The model incorporated temperature-dependent
properties, surface tension, recoil pressure, and droplet transfer to reproduce transient molten pool behavior.
This work aims at quantitatively elucidating heat transfer, fluid flow, and interactions of three dissimilar
materials (Cast-Iron, Carbon-steel and Ni-Alloy) in molten pool, also providing an in-situ visualization into
keyhole formation, molten-pool thermodynamics and element transport in laser welding, as well as evaluating
the influence of filler position of welding wire on molten shape.

Chapter 1 outlined the fundamentals and status of laser welding, with emphasis on its application to
dissimilar materials and related challenges. The progress of numerical simulation in analyzing molten pool
dynamics was reviewed, and the influence of thermal—fluid behavior on joint performance was discussed.
Additionally, the research purpose and objectives on this dissimilar material laser welding were introduced.

Chapter 2 described the numerical model and computational methodology used in this study. The chapter
outlined the geometric configuration, material properties, and governing equations applied in the CFD analysis.
The boundary conditions, mesh design, and heat source model were introduced to reproduce the transient
keyhole dynamics molten pool behavior and the material mixing in two dissimilar materials of the base metals.
Finally, the model validation was presented by comparing simulated temperature distribution and molten pool
shape with experimental results, confirming the reliability of the developed numerical approach.

Chapter 3 discussed the simulation and experimental results of three dissimilar materials laser welding
between carbon steel and cast iron using a nickel-based filler wire. The transient evolution of keyhole
dynamics, molten pool flow, and temperature distribution were analyzed in detail. The effects of droplet
transfer and Marangoni convection on element mixing and pool stability were clarified. Finally, the simulated
results were compared with experimental observations to verify the model’s accuracy and reveal the
mechanisms governing dissimilar metal laser welding.

Chapter 4 presented the relationship between the wire feeding position and molten zone shape. Through
the CFD-based mechanism study, a hybrid heat source model for temperature field prediction was developed
for practical engineering applications. The developed hybrid heat source model was efficient and accurate to
analyze the molten zone morphology in dissimilar laser welding. It reproduced the asymmetric molten pool
shape observed in experiments and clarified the influence of welding wire feeding position on molten zone
geometry. The model accurately predicted the temperature history compared with the experimental
measurement.

Chapter 5 summarized the main conclusions and presented the extended future research issues.
summarized the main conclusions and presented the extended future research issues, highlighting the
significance of the findings and their implications for improving the understanding of the welding mechanisms
involved. This research, especially the developed CFD model for visualizing the dynamic flow and
multi-materials mixing in the molten pool during laser welding, is beneficial for the practical application of
laser welding in the improvement of welding quality.
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