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Outof the Box Overview

ÅIntroduction

ÅAM in the Spotlight

ÅJAMR

ÅEXMAN



Outof the Box Midwest Tough



Outof the Box SPAWAR SSC PAC

Largest Fleet concentration area in the nationInformation Dominance through research, development, delivery, 
and support of integrated C4ISR, cyber, and space systems 

across all warfighting domains

Source: Generic Command Overview 25JAN16



Outof the Box
AM in the International Spotlight

Increased public awareness
άtǊƛƴǘ aŜ ŀ {ǘǊŀŘƛǾŀǊƛǳǎέΣ The Economist, Feb. 2011 

Expiring patents ςDIY and technology 
democratization

National and International Focus | Presidential Initiative
America Makes mentioned in State of the Union 2012

3D Printed Gun (confiscated) 
University of Texas Law Student 

Source: MakerBot® Replicator® 3D Printers

Source: Science Museum UK

Source: The Economist 
Feb 12-18, 2011

Source: americamakes.us



Outof the Box AM: A Perfect Storm

Å Revolutions in Production Technology
ï Material Science: 

Å Alloys, cements, composites,  nano, macro

ï Digital Design and supply chain

Å 3D Multi-media digital workflow

ï Remote and embedded sensing

Å High fidelity,  low cost,  networked

ï Manufacturing Tools and Techniques

Å Additive 

Å Advanced Subtractive

Å Batch 

Å Hybrid

Å A Convergence of IT and OT
ï Information Technology 

Å On-demand computing: 

Å Cloud ςApps ςBig Data ςAnalytics 

ï Control Technology 

Å Industrial Control Systems,  SCADA

hǳǘŎƻƳŜΥ  ²Ƙŀǘ Ŏŀƴ ōŜ ƳŀŘŜ ǘƻŘŀȅΣ ŎƻǳƭŘ ƴŜǾŜǊ ōŜ ƳŀŘŜ ōŜŦƻǊŜ Χ
and we are at the beginning of this megatrend 



Outof the Box

Advanced Manufacturing
Diversified Portfolio

Advanced 
Manufacturing 
Applications

Mechanical

MaterialsElectrical

Engineered & 
Structured

Materials

AM Technology 
Development

3D Structural Electronics



Outof the Box

AM Technology
ASTM F42 Categories

Å Vat Photopolymerization
ï Process in which liquid photopolymer in a vat is selectively cured by light-activated 

polymerization 

Å Material Extrusion
ï Process in which thermoplastic is selectively dispensed through a nozzle

Å Powder Bed Fusion
ï Process in which thermal energy selectively fuses regions of a powder bed

Å Material Jetting
ï Process in which inkjet droplets of build material are selectively deposited and UV cured

Å Binder Jetting
ï Process in which a bonding agent is selectively deposited (ceramics, metals, sand)

Å Sheet Lamination
ï Process in which sheets of material are bonded to form an object and subtractivelyremoved

Å Directed Energy Deposition
ï Process in which focused thermal energy is used to fuse materials by melting as deposited

Source: Keck Center for 3D Innovation | University of Texas at El Paso



Outof the Box Importance of AM

ÅAM presents a previously unobtainable design space
ï9ƴŀōƭŜǎ ƴŜǿ ΨƳŀǘŜǊƛŀƭ ςgeometric ςŦǳƴŎǘƛƻƴŀƭΩ ŎƻƳōƛƴŀǘƛƻƴǎ ǘƘŀǘ 

were previously un-manufacturable

Source: Ashby M F, CebonD, Materials selection in mechanical design, Le Journal de Physique IV 3, C7 (1993)



Outof the Box Composites

ÅFiber Reinforced Composites
ҍ Advantages
ÅHigh stiffness/density
ÅHigh strength/density

ҍ Limitations
ÅDynamic response

ÅPeriodic Composites
ҍ Extraordinary dynamic behavior
ÅBand-gap
ÅNegative effective properties
ÅNegative energy refraction

ҍ Previous limitations
ÅManufacturability

ὥ

ὥὨ



Outof the Box Periodic Composites
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Polymers/Elastomers 

Metals/Alloys 

Structural Composites 

Polyester Foam 

Polyurea 

Lead 
Steel 

Magnesium 

Aluminum 

GFRP 

CFRP 
PMMA 

In-plane Stiffness/Density (m2/s2) 

CFS 

ABS Gradient Bending Resonator design for SONAR stealth in 0.5 ς5 
kHz range for submarine coating. 

(Source: Prof Amirkhiziof University of Massachusetts at Lowell)

3D phononiccrystal composed of steel and epoxy for large 
all-angle stopband. 

(Source: Prof Srivastava of Illinois Institute of Technology)



Outof the Box
National Security Linkages

ÅMobilization
ï Defense Industrial Base Surge Capacity

ÅDefend the Homeland
ï Critical Infrastructure Protection

ÅCybersecurity Readiness
ï Industrial Control Systems

ï Cyber-Physical Outcomes

Å Innovation
ï Automation, Efficiency, Effectiveness



Outof the Box

SECNAV Tasking Memo
Additive Manufacturing / 3D Printing

ÅDevelop an integrated and 
detailed implementation plan that 
will achieve the following:
ҍIncrease development and integration 

of additive manufacturing systems

ҍDevelop the ability to qualify and 
certify AM parts

ҍStandardize the digital AM framework 
and tools and enable end to end 
process integration

ҍEstablish DON advanced integrated 
digital manufacturing grid

ҍFormalize access to AM education, 
training, and certifications for the DON 
workforce

Advanced Manufacturing is the Cornerstone of both Economic 
Security & Naval Modernization


