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Personal Introduction: Who is David?2



Materials Science Research Foundation

Personal Introduction: Rambling Wreck all the Way!3

BSME 2014

MSME 2015
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Introduction: What is Innovation? 
4

• The introduction of  something new that 

addresses the most pressing challenges. 

• Solving a tough problem by expanding/adopting skills 

from many different fields.

[Harvard Business Review (2017), McKinsey & Company (2022)]
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Introduction: How does the Future Look Like? 5

• Design of  new materials that can withstand the intense 

heat from the plasma.

• Ultra-thin optical technologies for next-generation 

screens and monitors.

• Advanced manufacturing that can process and shape 

new materials. 
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Introduction: How are Innovation and Sandia Connected?
6

Sandia National Laboratories is an Engineering Lab.

• Our origins can be traced to the Manhattan Project and Los 

Alamos. 

• In July 1945, J. Robert Oppenheimer established “Z 

Division” at Sandia Base to perform stockpile development 

activities and non-nuclear component engineering.

• Our ethos is: “Exceptional service in the national interest.” 

• This is the Lab to which the nation (and the world) turn to 

solve the toughest and most complex engineering 

challenges. 
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Introduction: Historic Impact of Sandia’s Innovations 7

Sandia pioneered 

clean room 

technology 

to protect the 

circuitry that 

controls nuclear 

weapons. 

It went on to be 

used in hospitals, 

computers

and smartphones.

Sandia’s mobile 

SpinDX diagnostic 

device can test for 

viruses, bacteria and 

active toxins in less 

than an hour while the 

microneedles technique 

extracts interstitial fluid 

to quickly diagnose 

major illnesses or 

measure exposure to 

chemical or biological 

agents

An innovative, 27.5-

meter wind turbine 

blade developed by 

Sandia and industry 

produces up to 10 

percent more 

energy than 

traditional linear 

blade designs 

without increasing 

wear and tear on the 

machine 

Sandia found it was 

possible to build and 

operate a high-speed 

passenger ferry and 

research vessel powered 

solely by zero-emission 

hydrogen 

fuel cells. The research 

led to the first fuel cell 

vessel built in the U.S. 

and the world’s first 

commercial fuel cell 

ferry.

Sandia is a leader in 

research for Unmanned 

Aerial Vehicles and 

associated 

countermeasures 

building off  our robotics 

legacy. Our robotics 

have been used to 

reach trapped miners, 

demilitarize 

submunitions and 

disable IEDs.



Materials Science Research Foundation

Introduction: How is Innovation Fostered?8

• The Labs integrate state-of-the-art 

facilities with a highly specialized  

interdisciplinary technical experts.
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Innovation in Materials: A pathway to Advanced Manufacturing9

Sandia’s National Security Mission DOE and Industry Common Challenges

Robotic testing

Lattice Materials
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Motivation: Traditional Manufacturing is not Agile 10

MATERIAL STRUCTURE PROPERTYSYNTHESIS PROCESS

Characterization Testing / Simulation
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Innovation in Materials: How can it be done?11

1. Generate a diverse training set on 

which the model will be trained.

2. Obtain a unique fingerprint descriptor 

of  the structure.

3. Integrate Machine Learning to 

develop Linkage.
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Innovation in Materials: Small Particles, Big Effects12

[https://www.energy.gov/science/doe-explainsnuclear-fusion-reactions]

• Massively energetic process where two light nuclei merge to form a single 

heavier nucleus.

• Energy/Plasma generated needs to be contained in a reactor.

• Metal of  the surface facing parts are heavily bombarded by energetic 

particles and massive amount of  heat/energy. 

• How do material react to these conditions?

• What is the fundamental behavior/response of  a material to an 

impact from these particles?

Answers to these questions are not easily obtained experimentally.
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Traditional Simulation Process: Cannot Meet Demand13

• These interactions can be described with quantum mechanics 

and accurately modeled using density functional theory. 

• Really complex equations that require specialized computers.

Large-Scale MD Simulation

Can only model couple tens of  thousand atoms for short time 

scales. 

[Nikolov et al. 2022]

• The interatomic potential (IAP) serves as a surrogate to model 

atomic environments to energies and forces and are fitted to a 

reference set of  training quantum calculations. 

• Resultant models are not 

transferable and only work 

for the situations where they 

were trained. 
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Innovation in Materials: Enabling High-Fidelity Simulations14

• Therefore, the choice of  training data becomes critical for 

the development of  these models. 

• Infinite space that complicates direct sampling and needs 

domain expert guidance.

Recast the problem to represent the atomic structure with a unique 

fingerprint descriptor that can be sampled. 

• Sample the new descriptor base using an maximization 

algorithm.

• Enables to generate vast and diverse dataset that will enable 

models to be transferable.

[Karabin, M. & Perez, D (2020), Bartok et al. (2010)]
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Innovation in Materials: Revolutionizing Computational Modeling of 
Nuclear Fusion

15

• Now we can train potentials that are 

transferable in a data-driven manner. 

• This is a first step towards making large 

scale simulations that accurately describe 

at an atomic level the interactions of  

plasma and the reactor material. 
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Innovation in Materials: Thin Films, Strong Implications16

Microstructure is dependent on large parameter space.

Coating Process: Physical Vapor Deposition

Phase-field simulations of  thin-film microstructures.

• Advanced optics which requires enhanced thin-film 
and coating processes.  
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Existing Solutions: Force us to Make a Compromise17

Experimental Exploration and Characterization:

• Capital Intensive
• Laboratory Required
• Physically build every possible combination

Computational Exploration and Characterization:

• Computational modelling of  evolution requires to 
solve numerically complex and non-linear PDEs

• Require High-Performance Computing 
Environment

• Time-consuming.

Are not able to perform an efficient exploration of  the space and 

cannot provide a rapid prediction the effect of  one of  these 

parameters will have on the resultant structure. 
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Innovation in Materials: Thinking outside the Box18
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Innovation in Materials: Accelerated Simulation Framework19
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Innovation in Materials: Jumping forward in Time20

40,000x faster
leaps through time

50,000 Simulations

9 years with 
Phase-field

50 min with LSTM
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Innovation in Materials: Metal Stamping and Forming21

• Manufacturing processes that can shape new materials 

into desired shape. 

• Metal Stamping and Forming Processes deforms sheet 

metals into complex parts. 

• Imposed deformation coupled can cause ruptures/ 

cracks.

• Manufacturing trials and die trials are needed to ensure 

material can be shaped into desired component.

• These trials cost millions of  dollars per year 

per plant. 
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Innovation in Materials: Quantifying the Effect of the Internal Structure22

• The metal alloys show complex polycrystalline grain structure that 

heavily affects the deformation depending on the orientation of  

the grains or of  the loading. 

• An agile manufacturing process requires an efficient way to 

account for the effect these grain structures have on the 

deformation. 

Transverse
direction (TD)

Rolling direction (RD)

Diagonal 
direction 

(DD, 45D)
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Innovation in Materials: Addressing the Engineering Dilemma23
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Innovation in Materials: Developing an Agile Characterization 
Framework using Machine Learning

24

• a
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Innovation in Materials: Using Extracted Knowledge25

Earing profiles of Al5053

Obtain Parameterized Constants 36000 times faster than Crystal Plasticity. 
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Sharing Innovation: Building a Product is not enough26

National labsAcademia
Industry
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Sharing Innovation: Deploying a Usable Product27

Actual GUI shown.

Montes de Oca Zapiain et al., Mater. Sci. Eng. A (2022)

Theory: Machine Learning based anisotropy prediction  

Application (e.g., metal forming analysis)

DOE Software Copyright Assertion (SCR#2683)

ip@sandia.gov
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Sharing Innovation: Introducing Materials Data-Driven Design (MAD3)28
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29 Sharing Innovation: Materials Data-Driven Design
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Innovation in Materials: Shoot for the Stars and Land on the Moon30
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Innovation in Materials and ME: Shaping the World
31

• ME provides you with unique skills for a diverse and rewarding career path:

 

• Technical Expertise

• Unique Insight

• Outside-of-the-box thinking

 

• Bottom-line ME can take you as far as your dreams can go and this is 

just one example of  how an ME can shape world! 

 

• Please join the other seminar series to learn of  all the different ways 

GT Alumni are making the future a reality. 
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