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DARPA Origins
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President
Dwight D.
Eisenhower

October 4, 1957 February 7, 1958

“The purpose of this directive is to provide

Soviets beat U.S. to space with Sputnik
within the Department of Defense an agency

U.S. should never again be surprised by

for the direction and performance of certain
technology.

advanced research and development projects.”
L
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Defense Advanced Research Projects Agency

The Independent Science and Technology
Agency of the Department of Defense

Prevent and Create Strategic Surprise by Making
Pivotal Investments in Disruptive Technologies




DARPA’s Culture Persists and the Agency Delivers

PEOPLE PROCESS CULTURE

Strong technologists No in-house labs Off-scale impact
Limited tenure Metrics-based Risk required
Autonomy Active management Public service

Approved for Public Release, Distribution Unlimited



Pivotal Early Investments that Change What's Possible

Assault Breaker

% Javelin, JSTAR, ATACMS A It Breaker II
:'E' and more Precision Guidance & Navigation ssault Breaker

S N i

§ Communications/Networking IR Night Vision

; Stealth UAVs

g —— e [17VEStING tOday
'E e for the next
— generation

1970s 1980s 1990s 2000s 2010s 2020s 2030s

3 ?

>

S |

S ARPAnet/Internet

S ] Microelectronics I

S Information Technology Siri Nucleic Acid-Based Vaccines

& Materials Science Artificial Intelligence .

§ Self-Driving Cars

g JSTAR: Joint Surveill_ance _Ta_rget Attack Radar System

l,“ ATACMS: Army Tactical Mlss_lle S_yst_em

LRASM: Long Range Anti-Ship Missile
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Pivotal Early Investments that Change What's Possible

Materials Science
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Founding of the Materials Science Field

Laboratory for Research on the
Structure of Matter (LRSM)
s e LA B d . 2

Materials Science and Engineering (1969)

" METALLURGY
CERAMICS %
MATERIALS SCIENCE ¢

Mechanics & ENGINEERING
PHYSICS ELECTR!

IV ""_'_ 4

CHEMISTRY pPOLYMERS
Math

1969 IDL Program 1972

1960 :
« $18.7Mfi "

DARPA Interdisciplinary Laboratory |:> . 208 fa cuILtIyr/]CrI\;r:egmb ers E> IDL program transitioned to NSF

(IDL) program: U. Penn, Cornell, + 2400 graduate students and renamed Materials Research

Laboratories (MRL)

and Northwestern « 360 PhD’s awarded
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DARPA’s Contributions in Materials & Manufacturing

Architected

IR transparent materials

" Superlattice
materials P

thermoelectrics Hypersonic

High strength materials

carbon fibers

Rapid
Rare earth solidification
permanent Processing

magnets !

1960’s 1970’s 1980’s 1990’s 2000's 2010’s 2020's

T

Dynamic .
Glassy materials for Additive
Carbon submarines Manufacturing

P\

Ilium- ni ceri
Gallium-arsenide Multi-material

Crystal . .
ayse Neodymium - ICs CVD diamond Structures
magnets by rapid
quenching
10
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Future Vision for Structural Materials

Today  5-10 years for new Material is a fixed Lead times measured 10:1 maintenance
material development design input in months to use ratio
Discovery Design Manufacturing Deployment

Future Mmaterial tailored for Material as a Delivery of qualified ~ 2x+ uptime through
application in <imo. continuous variable hardware in days health monitoring

€-——=—=—=—=-=-=-=-- Acceleration through Integration —--—-—-—-——-———- >
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Key Challenge Areas in Structural Materials

Data Strategy Joining Technology :..S.;E.fi“g Lead Times  Rapid Part Qualification
Materials Informatics Bottleneck § :

Multifunctional architectures <12hr after production
Perspective

: = & ' DARPA Modelin
FAIR data enabling new horizons for P for CMC's SURGE &»W ?
materialsresearch 4 1 4 » \
g

Scheffler, et al., Nature, 2022
5 Mainzer, et al.,

et e J. Eur. Cer.
Soc., 2016

Young, et al., Mat. & Design, 2023

Autonomous Materials Research

1000x research acceleration by 2040 Manufacturing Workforce

Multi-Material Structures 2.1M jobs unfilled by 2030
50% mass savings

,,.,.‘ I

Stach ot ol Matter 201 P National Association of Manufacturers (NAM)
acheh e, Teten Raytheon DARPA METALS Team

Counterfeit Hardware
2% of aerospace parts

Courtesy RTX

Discovery Design Manufacturing Deployment
Identifying early potential Optimizing functionality Producing hardware at scale Fielding for use

Approved for Public Release, Distribution Unlimited
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Multiobjective Engineering and

Material

DARPA METALS Prog ram Testing of ALloy Structures (METALS)
( Material Requirements
A by Location
—~~\\\\Opl./-/77 ( _ \ \
Y0, m Continuum Material \ Creep
\\\@\7,7&0/ P oW i
S . = .
S N f/f,,& METALS Program _ A The_rmomechanlcal
[ o \\\ KThe right material in the right place ) Fat|g ue
Material - g <«—— Erosion
Combination\\ \
| [ \ \\ L, d | «—— Low Cycle Fatigue
Material N\ \\\ State of the art: , «— Hot Corrosion
Substitution \ \ _- Shape optimized for Q. «— Tensile Strength
\_Topology a single material N 8 W
Material A . Optimization N 4 €ar
\r - ‘, https://tungaloy.com/industries/aerospace_turbine-blade/
\ 4
‘ ‘ | > METALS is exploring simultaneous
Shape

co-optimization of shape & material
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Materials Informatics Will Enable Explicit Design Integration

Surrogate Model

Structures
Fluid mechanics &
aerodynamics

Heat Transfer

Controls

Materials

Finite element analysis (FEA)

Static equilibrium \
Computational fluid dynamics

Navier-Stokes

Low Stress

High Stress

Finite element analysis
Fourier, Stefan-Boltzmann

Equations of motion
Newton

FEA analysis of the stress distribution in a piston rod

https://www.simscale.com/docs/simwiki/fea-finite-element-analysis/what-is-fea-finite-element-analysis/

Materials has never had an adequate surrogate model...materials informatics is a key enabler

Materials Science Desigh ——>

METALS is developing design optimization

architectures incorporating material explicitly
using a materials informatics approach

Approved for Public Release, Distribution Unlimited 14
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RTX Technology Research Center (RTRC), I e -
Raytheon, Johns Hopkins University T |
- Simple cantilever beam demonstration =
« Simultaneous optimization of shape and material s s :---—-‘"—-"“-‘3-‘-"-*-‘%]
distribution to minimize mass and deflection g B {
» 50% weight savings realized in multi-material design £ S ]
. 7
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>

log(E)

Team is building out material testing and
optimization frameworks to demonstrate
on a generic propeller design
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METALS Early Results

Teledyne Scientific Company, U. Wisconsin,

U. Colorado — Boulder, U. Miami

* Novel specimen design to access multiple
temperatures and strain states in a single test

 Leveraging digital image correlation and
domain-transfer neural network to extract

material properties

10000 . T

8000 - -

6000 - -1

Force [N]

4000 | ‘ : e

2000 - 5

0 L 1 L 1 L 1 L 1 L 1 1 1
10 12 14

0 2 4 6 8
I Displacement (AY 35mm GL) [mm]

High-throughout testing approach to feed
design optimization data needs
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Structures Uniquely Resolved to Guarantee Endurance (SURGE)
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Performance T Core hypothesis: Part life can be predicted on the fly based
Modeling RS on data collected during manufacturing
B
0@3?’ 3,3?‘1%““ Objective: Enable distributed additive manufacturing for point-
5oy of-need and surge production demand

Approach:
 Generate a digital twin of part microstructure and defect
distribution based on data collected during manufacturing

« Apply microstructure-based lifing methods to predict part life
under specified usage scenarios

saslanca

Service Life

Additive
Manufacturing ./

SURGE will demonstrate an alternative path to part qualification

to realize the full potential of additive manufacturing

Approved for Public Release, Distribution Unlimited
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Core hypothesis: Intrinsic toughness can be engineered into
ceramic materials

Objective: Explore a range of atomic-scale toughening
mechanisms to instill metal-like ductility in structural ceramics

b\ ~
%
P -
f "\’
| P »
v
7 -
2

Approach:

 Leverage non-equilibrium processing techniques to access
novel microstructures unrealizable via traditional production
methods

» Engineer defects in ceramic microstructures to accommodate
local plasticity and, in turn, bulk fracture toughness

Addressing the Achilles heel of ceramics to open a
new class of structural materials

Approved for Public Release, Distribution Unlimited 18

Material Property
Ductility
Fracture Toughness
Compressive Strength
Elastic Modulus
Density
Max. Use Temperature

Corrosion Resistance
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The Path from Idea to Program & How to Engage

» All program ideas originate with a Program Manager — reach out _
directly and speak the Heilmeier Catechism

1. What are you trying to do? (no jargon!)

2. How is it done today, and what are the limits of current practice?

3. What is new in your approach and why do you think it will be successful?

4. Who cares? If you are successful, what difference will it make?
» DARPA PMs serve 3 — 5 year terms; ~25% turnover annually
« New PMs drive investments in new research areas

« www.darpa.mil/about/program-managers - fmd a PM.in |

’ ' 4 Opportunity is
| , ‘
area and request a meeting! - B @\ published

. Office leadership approves
proposals for funding

S~
~~ao
-~
-~

DARPA Director\and Deputy
decide to fund the program

PM brainstorms
project ideas PM presents formal briefing
with technical to DARPA"leadership

community
PM preps formal brleﬂng and

i approval

Approved for Public Release, Distribution Unlimited 19



DARPAConnect is designed to broaden DARPA's

E CT reach and stimulate growth and collaboration

R R T between DARPA, industry, and academia.
1‘ L]

Regional and

Networking ﬂ’j, f@ \ Training and 2 Customized Support
Virtual Events i

Opportunities \ i Development | and Mentoring

www.DARPAconnect.us
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Andrew Detor

andrew.detor@darpa.mil

703-526-2284

www.darpa.mil
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