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> Typical materials development tends to take decades.
= Conventional approach is not guided by application pull early in the development.
= Materials maturation elements such as research and development, scale-up and designing for application occur serially,
and largely by trial and error.
> In order to accelerate materials development:
= Recognize that the aerospace materials ecosystem has to be engaged early.
= Leverage resources to develop technologies with broad impact.
=  Computationally guided materials maturation to address relevant materials issues tied to application requirements.
= Focus efforts targeted to solving manufacturing and design issues to accelerate technology maturation and insertion.



Carbon Nanotube (CNT) Gartner Hype Cycle
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Challenges/Barriers to Coupling Modeling with

Experimentation

> Modeling — presumes understanding of the physics.
- Takes a long time to lay foundations.
* Inclined towards modeling of simpler model systems.

 Verification/validation requires experimental capabilities that are not always available at
the scale being modeled.

« Macroscale properties require multiscale modeling.

> Multiscale requires collaboration among many scientists towards common
technical objective.

> Experimentalists rely on experience-based trial and error.

> Considering complexity of experiments, and how long it takes to develop
models, judicious decisions about what to model need to be made.

» Requires clear definition of questions that need to be addressed.



Examples of Computationally Guided Materials

Development

> Carbon Nanotube Composite Development
» Carbon Nanotube Manufacturing
> 3D Printing



Systems Analysis
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« A 2-3x improvement in specific mechanical properties will permit substantial
mass reduction in structural and non-structural components.

« Mass savings are potentially large enough to change design concepts.



Molecular Simulation of Carbon Nanotube

Composites

Axial Specific Stress [GPa/(g/cm?)]

0 o ' A .
3 saetiel Al gRAiITAT -
. R o b
— Time (ps) SSEEssicy
(32}
£ 250 50 00 : i
o —— CNTs : z ::
2] —— matrix interface ‘ TRITIE
T 20¢ bulk matrix 1 , o~ o,
o composite S » o ¥ -
S, ; ;
)
$ DinEaEE LR as g Vi ‘ﬁﬁ.’;ﬁ,ng s
D wlriziniing sl
9 IR R
= 9 AR AL
O » x sTales
q_) !‘t.o, e :w,‘ +
o TITET b c3 “q
» ~%§ 3 T
S ) - ‘
P
»‘V - 4
14x 3.2 nm diameter CNTs ?‘u w)‘w‘
a »” ~ -
cia g ~150,000 atoms oY TS, )
il CNT/matrix interface structure

Benjamin D. Jensen, Kristopher E. Wise, Gregory M. Odegard, Model. Simul. Mater. Sci. Eng., 2016, 24(2) 025012.
Benjamin D. Jensen., Gregory M. Odegard., Jae-Woo Kim., Godfrey Sauti., Emilie J. Siochi., Kristopher E. Wise., Compos. Sci. Technol. 2018, 166, 10-19.



Tabletop Filament Winder for Rapid
Prototyping of Composite Processing
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Structural CNT State of the Art
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Computationally Guided Use Driven Materials
Research
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High Strength CNT Structures via Covalent Bonds
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Representative Simulation
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High Strain Testing

Explosive Charge Coin Cell Embedded in
Assembly Steel Plate

Coin cells with CNT in
4” Tall Test Cylinders
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Collaboration with Keith Williams and Pat Gallagher, Newtec Services Group, Inc.



Timing Check Signal Trace

Data Acquisition for High Strain Testing
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Specific Stress [GPa/(g/cm?3)]
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Examples of Computationally Guided Materials

Development

>

» Carbon Nanotube Manufacturing
>
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Molecular Dynamics Simulations of CNTs
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Collaboration with Richard Liang (FSU) and Matt Barry (Ga Tech)



Examples of Computationally Guided Materials

Development

>
>
> 3D Printing
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3D Printing for Aerospace Applications vhsa
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Modeling the Extrusion-Based Additive Manufacturing Process,” in Polymer Based Additive Manufacturing: Recent Developments, ACS Books, 2019.



Machine Learning Steps
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Sorting by Error Types
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Parameter Setting Optimization for Fused Filament Fabrication 3D Printing,” Advanced Materials Technology, 2019 1800653.



The “Best” Parameter Picks
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Optimizing for Best Quality
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Systems analysis can provide concrete goals for fundamental
research.

Iterative coupling of modeling with experimentation can advance
both modeling tools and experimental approaches to accelerate
materials development.

Rapid prototyping is an effective tool for exposing necessary areas
of research to advance emerging materials towards insertion in
applications.

Use inspired materials development requires engagement of the
materials ecosystem to guide research paths for fastest payoff.
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