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. BACKGROUND [pEvcam

Need to reduce hard armor weight

Enhanced Solider protection
and effectiveness, enabling
dominance of close-combat fight
I Next gen armor and projectiles

A Materials processing & properties
I Properties and characteristics do not
directly predict ballistic performance
I Need ideal metrics to target efforts
A Traditional ballistic testing
I Demonstrates outcomes and ranking
with little insight into underlying physics
I Expensive and requires bulk material

3 pounds
Enhanced combat helmet
Army and Marine Corps

Approximately
27 pounds
for size medium

8.5 pounds 7.5 pounds
Plate Carrier Vest Modular Scalable Vest
Marine Corps Army

11 pounds 5 pounds

A Computational design tools needed _  _ _ _ “swdcesss S
for deSIQn a.nd.anaIySI.s _ Ballistic Performance
I Need high-fidelity experimental input 1o -
A Need insight into incipient failure 115 |
mechanisms enabling rapid % 11|
. e i
screening S L
A Time-resolved ballistic testing > 09; [ I I
0.9 -
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7N Novel processing science to enable
& MOTIVATION unique materials, multi-scale structures DEVCOM
=m) oo eon

and armor system design

A Complex failure response
I Materials subjected to extreme dynamic loading
I Impactor-target response non-linearin time
i Severe gradients in the stress and strain
I Multiple damage and failure modes

A Need comprehensive framework:
i Insights into ballistic mechanisms

Synthesis &
Processing

Relevant
I Rapid screening grgtpertties
A Guidance to processing/characterization i Time-resolved
A Test emerging technologies at small-scale e MECHANISMS ballistic experiments
i Continuous feedback loop that connects through Aincoies I tofr‘;t‘;"l:?gtae:ge
mechanisms informed by instrumented ballistics HANDLE WITH CARE Peneration penetration behavior
A Objective:
" . . Ballistic
I Experimental-computational framework for Performance

accelerated engineering of future protection Full-scale validation of
and projectile technologies armor mechanisms to

Advances in ballistic characterlzatlon

inform novel armor design

Modeling penetration response with
sub-scale and microstructural
deformation mechanisms

vestAc 19
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- ACCELERATING DISCOVERY E'EVCDM

A ML + integrated testing to expedite and enable greater insights into ballistic

phenomena

I Accelerate discovery and development cycle

I Rapid screening of materials, technologies, and mechanisms

I Move away from manual analysis (time-consuming, costly, and subjective)
I Feed high-fidelity data into model development, validation, and optimization

A Enable identification of transformative materials
I Aggregate resources (past work, experiments, computations) for predictions
I ARL performs 1000s of tests per year with X-ray systems A data-rich environment
A Provide mechanistic guidance to develop better materials and systems
I Leverage findings for enhanced lethality/protection

Screening novel processing schemes Non-ideal S&T Failure

10 t ixlde 5,4 @.30 kg powder =460 powder batches A ]
$35585 B

(+ capital for pressing large targets and machining)
A 1 test with one set of parameters
HIDRA = 2.30 kg powder = 368 discs
A latitude to test combinations of features, processes
Ceramiq\ Polycarbonate

TRL readiness

Material X
Process 1 Both powders look
| | " entca i
Material X Fail sooner, quicker, cheaper
Process 2 - >
Cost/Time
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MACHINE LEARNING AS ENABLING
TECHNOLOGY

bl D

A Artificial Intelligence i Enables application to
mimic human intelligence to predict, automate,
and optimize tasks
I Machine Learning T Incorporates mathematical and statistic
algorithms designed to all ow

A Neural Networks i Mimic operation of neurons in human
brain for computation and comprised of layers of nodes

o |Deep Learning|i Use neural net with more than 3
layers (incl. input/output layer)
A Automated processing of multi-modal time-resolved
ballistic data

i Based on methodology developed by Schuster (Python-
based open-source code using Jupyter Notebooks)

I Current code developed during 2020 pandemic shutdown
A Distributable framework

I Select experiments can be shared collaboratively

I Allows for personal or cloud-based computing
A High-quality data in non-ideal environments

i Production scale testing has the poorest image quality
but is an opportunity to generate large data sets!
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History of Al, ML and DL

Artificial Intelligence

Early artificial intelligence
stirs i

Machine Learning

Machine learning begins
to flourish

@ | @

Deep Learning

Deep learning breakthroughs

drive Al boom LY
N e

L P L B

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

Deep Learning Neural Net

Multiple hidden layers
process hierarchical features

Identify
~ combinations
or features
Identify /
features

~——— of edges ——

Identify

pixel value \ Identify

edges combinations
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7N
A INTEGRATED BALLISTIC TESTING ZDEVCDM

Instrumentation X-ray sources
. o 1 :
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-,

“~,
"

Symmetry axis

Well-defined, repeatable target

o [ S | Vacuum seal + autoclave
; . polycarbonate |

|
|
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A *°Brass window|* -

backer
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| ceramic
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A In situ characterization of failure response
using concurrent instrumentation

A Modular configuration enables wide variety of
experimental investigations

A Precise, repeatable test design

A 0.25to 0.50-cal barrels (0.3 7 2.5 km/s)

A Ultra-high-speed imaging (up to 10 Mfps)

A 8-channel Photonic Doppler Velocimetry (PDV)
(measure 10s m/s to km/s with ns resolution)

A 8-channel 150 keV multi-flash X-ray (HIDRA)
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7N SEQUENCE OF EVENTS [pEvcam

=m
High-speed imaging
A Ballistic response Total event ~50 us
i PTl=lessthan50¢ s SIDE
I Rear target cracking withinl ¢ s DV 42

I PTI affects backerin<10¢ s Impactor <+—— Back of

A PDV: projectile & back face velocity — povi =~ o
A Cameras: fracture morphology Projectle
A X-rays with ML:

I Dwell time (no penetration)

i Projectile length

I Projectile consumption (rate of erosion)
I Depth of penetration
|
|

Ceramic fracture <10 € s
REAR

Penetration velocity
' Projectile-target interface shape Ceramic Vs basker re sponse

X-ray imaging _ Ceramic
Impact and penetration

Impactor

Polycarbonate

Backer
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