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Wire + arc additive manufacturing (WAAM) utilizes the existing
welding technology to melt and deposit metal in a near-net shape.
WAAM is characterized by low material and equipment costs, a high
deposition rate, and a wide selection of materials. In this dissertation, a
gas metal arc (GMA)-WAAM and a gas tungsten arc (GTA)-WAAM
system are used for the fabrication of bimetallic additively
manufactured structures (BAMS) and high entropy alloys, respectively.
The first part of this dissertation is about the BAMS fabricated
through the sequential deposition of materials using the GMA-WAAM
system. The objectives of this part are (1) to achieve a bimetallic
interface free of defects, (2) to ensure a smooth compositional gradient
at the interface, and (3) to achieve a combination of properties.
BAMS with two different combinations of materials: low
carbon steel (LCS) to austenitic stainless steel (SS316L) and SS316L to
Inconel625 are fabricated. The bimetallic interfaces were free of voids
or cracks for both cases. However, the as-deposited BAMS of LCS and
SS316L showed elemental segregation at the interface along with poor
ductility. To address these issues, heat treatment was performed over a
range of temperatures and hold times to smoothen the interfacial
compositional gradient and to achieve a combination of strength and
ductility. The BAMS of SS316L and Inconel625 exhibited good strength
and ductility. However, to avoid the formation of continuous columnar
grains across multiple layers through promoting columnar to equiaxed
transition, an interrupted deposition strategy is explored. The effect of
microstructural and compositional heterogeneity of the deformation
behavior has been investigated through electron back-scattered
diffraction (EBSD) and digital image correlation (DIC).
WAAM with pre-alloyed and extruded AlCoCrFeNi high entropy
alloy (HEA) wire is investigated in the second part. Based on in-situ
process monitoring, bead cross-section measurement, and statistical
analysis of single-layer deposits; the process window has been
identified and multi-layer thin-walled structures are deposited. With
the near-optimal processing condition, the GTA-WAAM HEA has
improved mechanical performance compared to cast alloy of the same
composition, which is further investigated through tensile interrupted
tests and EBSD analysis.
In conclusion, this work contributes to an overall better
understanding of the WAAM process, which can provide valuable
insights for the future additive manufacturing of multi-material
structures and HEAs.

