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Motivations

« Next-generation electric propulsion systems for aerospace applications
« Increased efficiency, reduced emissions, and noise abatement
« Two primary limitations in energy storage:
« Insufficient energy density
« Safety concerns
« Flammable organic liquid electrolytes
« Inherently safe all-solid-state architectures .
« prevent Li-dendrite induced failure 1] hups;//w_nasa_gov/cegé/arong/éiaturesneaptech.hﬁ
« Improve energy density (remove parasitic components)
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« Multifunctional Energy Storage
« Active battery materials in load bearing paths
« Electrochemically and mechanically active
« Systems level weight and volume savings
« Distributed storage and power delivery
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Ideal microstructure for multifunctionality is unknown
« all-solid-state battery vs structural ceramic
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Huddleston W, Dynys F, Sehirlioglu A. J Am Ceram Soc. 2020; 103:4178-4188.
https://doi.org/10.1111/jace.17159
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¥ Methods

Raw SEM Image : N, .y ‘9
Bright: Ni | aiSetiiE cPr o X B S L IR oW @ Particle Analyzer
Dark: Li,TisO;, (@S atms NS Tt A Particle Size
J Particle Location
Count per area

Nearest Neighbor Distance
center-to-center
discrete

| Voronoi partition map
edge-to-edge spacing
continuous

See also: Matt Hoffman’s Poster: “Microstructural feature engineering
for machine learning enabled discovery of microstructure-property relationships”
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t =5 hrs, Ni = 0.35 T =900°C, t =5 hrs
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t =5 hrs, Ni = 0.35
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Plots show individual distribution curves for each image

+ Average VD values shown as vertical lines 0
N<k\\§ﬁ

CASE SCHOOL
OF ENGINEERING

CASE WESTERN RESERVE
UNIVERSITY




Quantifier Comparison
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Quantifier Comparison
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Conductivity Random Forest

Data Split: 70% Training - 30% Testing

Conductivity Random Forest - 97.13 % Var Explained
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Error

Fracture Stress Random Forest

Data Split: 70% Training - 30% Testing

Stress Random Forest - 96.02 % Var Explained
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« Li,TisO4,-Ni composites
* Microstructures were quantified using several measures
« Particle Size
« Counts Per Area
 Nearest Neighbor Distance
« \Voronoi Spacing
« Random Forest Regression Models were developed for
« Conductivity
 Fracture Stress

« Future work
« Modeling from full distributions, improve over average measures
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