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Metallic microstructures with spatial
variation in phases, grain structure,
or porosity present significant
characterization challenges as
conventional methods provide
insufficient information about bulk
microstructural variation. This spatial
complexity, often present in additive
manufacturing and other advanced
processing techniques, necessitates
volumetric assessment to
comprehensively understand
microstructure and properties.
Ultrasonic characterization provides
a nondestructive means to obtain
spatially resolved microstructural
information through analysis of

wave propagation phenomena.
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The research presented here focuses on immersion ultrasonic testing
of polycrystalline materials, enabling spatial mapping of material
properties through analysis of how microstructural features influence
fundamental wave characteristics including attenuation, velocity, and
scattering behavior. These metrics are governed by effective elastic
properties that determine average propagation characteristics and
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statistical fluctuations due to random grain orientations that cause
deviations from this average behavior.

Materials with complex microstructures present interpretation
challenges where different microstructural features may have
competing or complementary effects on ultrasonic response,
complicating analysis of wave propagation measurements. These
challenges are addressed through an integrated approach combining
immersion ultrasonic testing for spatial property assessment, analytical
modeling of wave propagation, and post-testing microstructural
characterization for validation. Representative applications include
characterization of binder jet printed stainless steel systems and NiTi
shape memory alloys, with analytical models of mean field propagation
and scattered response assisting in integrated microstructural
validation and correlation.

Olivia J. Cook is a PhD candidate in the Department of Engineering Science
and Mechanics at Penn State University, where she works under the
supervision of Dr. Andrea P. Arglielles. She received her B.S. in Engineering
Science from Penn State in 2021 and continued directly into her graduate
studies. Olivia is an NSF Graduate Research Fellow, and her research
focuses on ultrasonic characterization of complex metallic microstructures,
with particular emphasis on experimental and analytical work considering
scattering from polycrystalline materials. Her work includes applications to
binder jet printed stainless steel systems and NiTi shape memory alloys.
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