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Abstract

The field of ultrasonic non-destructive testing (NDT) has seen significant advancements,
with much of the research focusing on material microstructural characterization, particularly
the determination of mean grain size, grain size distribution, and elastic modulus in poly-
crystalline metals. However, limited literature is available regarding the characterization of
microvoids within the microstructure using ultrasonic NDT (1,2). Microvoids often form
during additive manufacturing and casting processes, posing a critical concern as they can
act as precursors to crack growth. Early detection of these voids is essential to ensure the
structural integrity and reliability of metallic components. The present study investigates
the scattering of ultrasonic longitudinal waves caused by microvoids combined with grain
heterogeneity in polycrystalline metals using a finite element (FE) method. Initially, 2D
microstructure geometries of Inconel 600, measuring 30 mm x 10 mm, are generated using
Neper software. Realistic imperfections are introduced by incorporating irregularly shaped
microvoids at random locations within the microstructure using in-house code. Multiple
models are developed with varying mean void diameters (40 pgm to 70 pum in 10 gm incre-
ments), grain sizes (300 pm to 600 ym in 100 pm increments), and porosity levels (random
values ranging from 0% to 7%). These microstructure models are then imported into AN-
SYS APDL for finite element-based wave propagation analysis. Simulations are conducted
on a high-performance computing platform in parallel computing mode. To excite longitu-
dinal waves, a Hanning tone burst load with a central frequency of 1 MHz is applied to all
models. The simulations capture the combined scattering effects of grains and voids het-
erogeneity. The numerical results for zero-porosity models with varying mean grain sizes
are first validated against the existing unified theory (3,4), showing good agreement. The
analysis reveals that longitudinal waves effectively detect microvoids when wave scattering
due to grains is less significant compared to voids. Results indicate that increasing poros-
ity reduces longitudinal wave velocity and increases wave attenuation. Additionally, wave
characteristics are significantly influenced by the increasing mean diameter of microvoids.
These findings highlight the sensitivity of ultrasonic waves to microstructural imperfections
and their potential for non-destructive evaluation. The study provides valuable insights into
the interaction between ultrasonic waves and microstructural features, paving the way for
advanced assessment of material porosity and grain boundary integrity in engineering appli-
cations.
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