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Abstract

Additive friction stir deposition is an emerging solid-state additive process that is renowned for good
interface adhesion and a low degree of mechanical anisotropy, which has been postulated to originate
from the material deformation and flow phenomena near the interface. However, a fundamental
understanding of the material flow characteristics still remains elusive.

Here, we present a quantitative investigation of
three-dimensional material flow in additive
friction stir deposition via morphological and
microstructural studies, wherein the morphology
is characterized using X-ray computed
tomography and the material deformation
history is explored by electron backscatter
diffraction. Depositing a homogeneous Al 2024
feed rod onto an Al 6061 substrate allows us to
investigate the three-dimensional interfacial
morphology formed during additive friction stir
deposition. We also investigate the material flow
within the deposition zone by depositing hybrid
feed rods consisting of Al 2024 (tracer core) and
Al 6061 (shell) onto Al 6061 substrate.

Based on dissimilar aluminum deposition, we find
significant macroscopic material mixing across
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Figure 1. X-ray computed tomography results for AA 2024
deposited onto AA 6061 via AFSD. a) A representative transverse
cross-section of the deposit and substrate highlighting the bowl-
shaped interface and macroscopic mixing, b) Schematic of the key
interfacial material flow processes, c) Underside of the deposited
AA 2024 material with the substrate material removed and a few
salient features hiahliahted.

the initial substrate surface. The deposited material penetrates below the initial substrate surface in the
feed rod zone and the substrate surges above the initial substrate surface in the tool protrusion-affected
zone. Interestingly, this non-flat interface is asymmetric along the deposition width. Complex three-
dimensional structures, like fin and serration structures, form on the advancing side, whereas the
interface manifests as a smooth sloped surface on the retreating side. Microstructure mapping reveals a
uniform thermomechanical history for the deposited material, which develops a homogeneous, almost
fully recrystallized microstructure. The substrate surface develops partially recrystallized microstructures
that are location-dependent. During the deposition of the hybrid feed rods, the initial cylinder shape of
the tracer material is expanded out to long, thin ribbons after deposition. This initial study lays the
groundwork for strain and strain rate estimation, microstructure evolution, and more process control in

additive friction stir deposition.
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