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1 EXECUTIVE SUMMARY

AM offers considerable opportunity to creaBoD supply chain efficiencies and lesnce
warfighter capabilitiesln Spring 2016, America Makes and Deloitéeilitated the development
of Additive Manufacturing (AM) technology roadmafms the Department of Defensehd@ US
Army, Department of the NavfDON), US Air Force (USAF)andDefense Logistics Agency
(DLA) jointly contracted with the National Center fDefense Manufacturing and Machining
(NCDMM) through the America Makes cooperative agreementreate a set of technology
roadmaps for Additive Manufaatng (AM). America Makes and Deloitte conducted a total of
nineroadmapping workshops, facilitatingaworkshops with each Service/Agency and one joint
workshop that brought stakeholders from all four organizations together.

The results of these workshops were omividual AM technology roadmépr each organization

(total of four), and one integrateghint roadmap, representing the combined interests of all
stakeholdersThe individual roadmaps focused on current state, future state, and the identification
of the technology gaps eting between the two statddie joint roadmap focuses on identifgin
areas of commonality between the individual roadmaps.

The workshops aligned to the technical focus areas from the America Makes Technology
Roadmap.Each technical focus area is defined below:

Designi Drives technological advancements in raesign meiods and tools

Material 7 Builds the body of knowledge for benchmark AM property characterization data
and el i minati nAbguivliatroi anbaitleirtiyali np rfioapser t i es .
Processi Drives technological advancements that enable faster, more accurateglaed

detail resolution AM machines.

Value Chaini Encourages technological advancements that enable step change improvements
in endto-end value chain cost and time to market for AM produced products.

Althoughtechnologydevelopmenand transition regeement identification was the primary focus

of the DoD Roadmapping workshops, enabling technology is critical to ensurotgust AM
ecosystemOver the course of the workshop process, participants from Arm&, DON, and
USAF identified thredey enables (nontechnology factors/needs crucial to the eventual success
of DoD AM efforts).

Cultural Change i Increasing knowledge of and comfort with AM, driving institutional
acceptance.

Workforce Developmenti Readying the DoD workforce (acquisition, R&D, méamiuring,

etc.) with the skills to harness AM.

Data Managementi Developing the policies, architectures, and procedures to properly
manage massive, multimodal AM data.

This integrated DoD Additive Manufacturing (AM) Roadmap providegoandation and
framework for focusing any desired collaboration aadrdinaton of theD o D &csvitiesin AM

to systematically and efficiently mature the technology for multiple DoD agits.Individuals

and organizations may utilize this strategic document to identify areas of focus and address
roadmap objectives and technology elements together, where appropriate and beneficial.
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2 INTRODUCTION

Additive manufacturing (AM),which ncl udes the commonbyi ssadr api
growing and changing discipline. While the technology and associated processes have been used
for several decades, AM is rapidly advancing in capability and expanding in applications,
increasinghe potential impact of this technology. Significant investments are being made, in both
the private and public sector, in developing AM technologies for applications ranging from
prototypes to masgsroduced endgtems, from tooling to custom medical imptan Each of the
Department of Defense (DoD) components and agencies are investing in AM technologies,
desiring to utilize and mature AM in order to affect the entire DoD 5000.02 defined acquisition
lifecycle: from enabling new products to reducing logistiand sustainment costs. The
commercial and defense industries are also investing in maturing AM for multiple applications
and there is a significant international investment in the technology. According to the 2016
Wohl erdéds Report, tkét én 2016 wds dbwi7B. eHowAvier, nmuehr of this
investment is being dioted at proprietary and specific applications, resulting in duplication of
efforts, customized data sets and ultimately slower adoption of the technology across the industry.
It is theefore imperative thaDoD investment in AMbe broadly coordinated throughout its
organizations and informed by broader government and industry initiatives in order to ensure rapid
adoption.

America Makes, The National Additive Manufacturing Innovatiortitute, was established in

August 2012 as the first of up to 45 presidentialtyablished publiprivate partnerships under

the National Network of Manufacturing Innovation (NNMljrecently rebranded as
Manufacturing USA.  America Makeseeks to accalate technology development and adoption
associated with AM by addressing manufacturing tetdgy challenges common to the AM
community. To logically coordinate AM investments and efforts, America Makes has, with the
input of its membership, developedexhnology roadmap accounting for major swim lanes of
activities and associated technology development efforts related to the maturation of AM. This
roadmap has already paid dividends for the industrial partners within America Mekes
example, compaas such as Raytheon and Rolls Royce have restructured their internal R&D
investments to alig with the roadmaplt has become a rallying point for the broader AM
community, effectively communicating the needs and opportunities for AM technology
maturation. The greatest value has been the existence of a single, authoritativegriunity
developed product that is open for anyone in the industry to use. However, this roadmap does not
fully capture the DoD6s i nput oapencempassesthkement s
broad needs of all industry stakeholders.

As AM continues to be a major topic of interest, the need for a coordinated plan to collectively
mature AM in support of DoD requirements is clear. In December 2014, representatives from the
Army, Navy, Air Force, Defense Logistics Agency (DLA) and the office of the Deputy Assistant
Secretary of Defense for Manufacturing & Industrial Base Policy (DASD(MIBP)) met with senior
leaders at America Makes to discuss collaboration on a AdDtechnoloy roadmap. Each
component sought to develop an AM technology roadmap specific to its needs and then integrate
those roadmaps into a DeBvel AM technology roadmap.

A DoD AM technology roadmap is necessétHsety for
Strategyo, the DoD is investing in AM techno
changingo technology as a means to i mprove | c

increase materiel readiness. An integrated DoD roadmap providearss of coordinating these
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investments, effectively communicating within and external to the Department the current needs
and planned efforts related to AM technology development. This communication is critical to
mar shalling r es ounmeedsfsrAM tthrology maturatidn gith Bhe iDdasdrial
base, and for systematically maturing the technology for DoD applications. It efficiently and
effectively identifies common areas of interest across the DoD and facilitates the development of
joint grategies and plans to collaboratively address these, avoiding redundancy and duplication of
efforts. By bringing together key subject matter experts, stakeholders and end users from across
the DoD, the effort focuses on facilitating discussions among &wiponent organizations that
otherwise may not occur. Finally, the development and delivery of an AM technology roadmap
provides starting points for the strategic application of AM throughout the DoD. By projecting
technology maturation timelines, dednables and required resources, DoD program managers,
logistics and production organizations, the testing and evaluation community and senior leaders
are able to better manage expectations and plan for the implementation of AM.

3 APPROACH/METHODOLO GY

3.1 Background and Purpose

In Spring 2016, America Makes and Deloitte facilitated the development of AM technology
roadmaps for the Department of Defenéenerica Makes was contracted by the US Army,
Department of the NavyJS Air Force,and DLA to create a sef technology roadmaps féM

in the DoD communityA total of nineroadmapping workshopsere conductedacilitating two
workshops with each Service/Agency and one joint workshop that brought stakeholders from all
four organizations togethefhe resuts of these workshops were one individual AM technology
roadmap for each organization (total of four), and one integrated, joint roadmap, representing the
combinedinterests of all stakeholdershe individual roadmaps focused on current state, future
stak, and the identification of the technology gapstexg between the two stateBhe joint
roadmap focuses on identifying areas of commonality between the individual roadmaps.

1 The multiphase workshop approach is shown in Figure 3.1.

Separate workshops Joint DoD
for each Service/DLA workshop
- o— ~»
’ o— 3. Synthesis -A\J—)
1 L= : —
Captured the current state of AM Rationalized requirements Developed a joint vision of AM
within the DoD services/DLA, the against desired capabilities of the acrossthe DoD and identified
future state vision, and outlined DoD services/DLA to develop a areas of commonality between
how the Services will get there detailed sequence of activities for the Services and DLA

the DoD Services/DLA to realize
their AM visions

Output: .
) - Output: OQutput:
égﬁ current state within the « Provisional AM technology + Integrated DoD-wide AM
roadmaps for each Service roadmap

+ Defined future vision of AM

within the Service + Identification of potential

collaboration points

Figure 3.1: Multi-phase Workshop Approach
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Eachworkshopaligned to the AM swimlanes created by America Makes. Brief descriptions of
these swimlanes follow below.

Design

The design swimlane is aimed at breaking the paradigm of designing additively manufactured parts
like cast or machined parts. Realization of this goal removes the constraints associated with
traditional CAD/CAM software and unlocks the potential of AM technology for a variety of
applications. The DoDbds r oadmap bwefing barisre d o n
to entry for designers and pushing that capability forward (i.e. anyone, anywhere, can intelligently
design a part for additive), with particular emphasis on reverse engineering and medical
applications.

Material

The material swimlane sks to advance understanding of materials science behind additive
manufacturing. Benchmark data on the matgmiacessperformance relationship and predictive
simulations of the complete AM process (i.e. multiscale, spliyisics simulation anbhtegratel
Computational Materials EngineeringCME)) are an essential component of this, as are
standards. In particular, DoD emphasized standardization and management of data/models in a
central repository, quidication/cerification with advanced ICME, and delopment of specific

types of materials.

Process

The process swimlane is aimed at enhancing the speed, magisiz, accuracy and resolution

of the build processand improvingthe surface finish of final parts. The DoD roadmaps
highlighted the needf advancement in isitu sensing and feedback control, the need to develop

a suite of new process capabilities (including expeditionary), and a desire for more robust
standards.

Value Chain

The valuechain swimlane strives to enhance understanding ofctraplete AM value chain,

including business case analysis, complete life cycle analysis, and inspection. Furthermore, this
focus area includes digital threadhe IT-based backbone that digitally links various components

of the value chain (design, motiley), build process, inspection, performance, etc.) together. The
DoD6s roadmaps focused on digital t hread, bui
tightly integrating AM with the traditional supply network.

3.2 Visioning Workshop Approach

The majo objectivesof the visioning workshop were to:

Understand the goals of DoD AM Roadmapping.

Validate the current state of AM in the Service.

Develop a future state vision for AM for the Service.

= =4 =2 =

Create a framework to reach the future state vision.
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3.3  Functional Requirements Workshop Approach

The goal of these workshops was to have the content necessary to develop a provisional AM
technology roadmap for each DoD service and DLA.

The major objectives of the functional analysis workshops were to:
1 Validate he outputs from the Visioning Workshop
1 Create the requirements needed to develop the technology elements.
f Prioritize and sequence the Servicebos AM d
1

Analyze the impact of each goal on the Ser

3.4  Joint Synthesis WorkshopApproach

The goal of the joint synthesis workshop was to develop a joint-lBe® roadmap which
integrated the previously developed technology roadmap for each DoD Service and DLA, and used
a common structure and terminology.

The Joint Synthesis Worksp@onducted the following series of activities with additional details
included in Sections 3.43.4.5:

1 Service / Agency Vision

1 Individual Service Presentations

1 DoD-wide Roadmap Integration

1 Mind Mapping

1 Joint Synthesis Workshop Outputs

3.4.1 Service / Agency Vsion

At the beginning of the joint workshop, Service/Agency leads presented their vision for AM within
their organization, priorities, and vision for the output of the project. Those remarks were captured
in Figure 3.2, which also began to document comitesacross the organizations.

A lead from each DoD service and DLA answered the following-lggal questions:
1 What is the vision for AM in your Service/Agency?
1 How do you hope to work with the other Services/Agency?

1 What do you hope to accomplish frahe roadmapping process?
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Figure 3.2: Service / Agency Visioning Exercise

3.4.2 Roadmap Integration

The Joint Synthesis Workshop challenged participants to build an integrated DoD roadmap by
combining the goals and technology elements, where appropriate, from the individual
organizational roadmaps. The integrated goals and technology elements indicate areas where
stakeholders identified commonalities and perhaps could collaborate or coordinate.

To levelset the workshop participants, ealdad presented their provisional roadmap to the
workshop participants. Each of the leads reviewed the outputs from the previous workshop
ensuring each participant had a common understanding of each Service/Agency rabvisio
roadmap (objectives and tech elements) for each of the swimlafes review included the
following:

1 Review objectives at a high level for each swimlane
1 Explain relevant technology elements
1 Explain any areas where the Service/Agency believes thelyersefit from coordination

The next step in the process was to complete the Roadmap Integration exercise as illustrated in
Figure 3.3. The objective of the exercise was to create a set of integrated objectives (and matching
technology elements) across eagimlane. The participants were divided into small swimlane
groups to accomplish this task. The participants worked with their swimlane groups to identify
overlapping objectiv@impacts and map appropriatechteology elements to each of those
objectives creating a draft DoD joint roadmap.
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The exercise was executed using the following workflow:
Swimlane: Groups were split by swimlane and brought together ideas from all ServicesyAgenc

Goal: Participants developed integrated objectives by groupingrandferring objectives from
Servicelevel roadmaps

Impact: Participants developed integrated impact statements that refer back to -Bamice
roadmaps

Service/Agency Alignment:Services/Agency indicated alignment with integrated objectives

Technology Hements: Participants transferred relevant technology elements from Séeviee
roadmaps that aligned to the newly integrated objectives

- Design Sw:mlane Integrated Roadmap ‘
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Figure 3.3: Roadmap Integration Exercise

The outpus of the exercise were integrated swimldeeel roadmaps andlaService/Agency
objectives werenerged or moved over to the integrated roadmap. The tech elements were also
correctly mapped to the appropriate objectives and merged where appropriate.

3.4.3 Mind Mapping Exercise

Thesecond stage of the workshop focused ontifigng the remaining gaps/commonalities and
identifying potential areas of collaboration or coordinatidm.the mind mapping portion of the
workshop, participants worked within their swimlane groups to develop mind maps and structure
their ideas on gay technology commonalities, and enabler commonalities based on the integrated
roadmap. Figure 3.4 highlights an example of a mind mapping exercise.

1 Gaps: These are areas oneSer vi ce/ Agencyo6s p r anothes i o n al
Service/Agencywould like to consider foits own organization. Additionally, we would
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like you to consider any areas that may not be mapped to any Service/Agency but may still
need to occur on a DoD level

1 Technology Commonality areas: These are areas where multipieeséAgencies have
overlapping roadmap objectives and can potentially coordinate on R&D of technologies or
program development.

1 Enabler commonality areas: Identify crassit t i ng enabl er s. Whi |
correspond to technology elements, tlag important focus areas to enable eventual

success with each Serviese/ Agencyods technol

R 2

Standards Calibration
In-situ \ /
monitoring Trusted stable —> Workforce development

NDE rocesses
Closed. loop Process” P T*Material/Machine
COM:FO['\‘\ A standards
Monitorin, ]
data correctﬁm Technology File formats

Workforce

M Process/property
- relationships
development Deployable)<— A (Open architecture

L Expeditionary \\*Modufes
Simplified / AM ‘L Materials
tools/user

Friondly \

Approval  Tech  Epy,

Authority data concerns Automati
nbrid utomation

Post Multi
pl’ocessmg Sﬂfety Multi scale

material

Figure 34: Mind Map Exercise (example only)

3.4.4 Joint Synthesis Workshop Outputs

America Makes and Deloitte compiled the workshop outputs into a ifitegrated roadmap,
bringing all integrated objectives and technology elements together into ongvideackage.

The two main outputs from the Joint Synthesis Workshop were a Joint DoD Technology Roadmap
for Additive Manufacturing and a narrative compganguide. Those two documents are included
within this report in Sections&d7 and shown in Figure 2.

Section 6- The Joint DoD Technology Roadmap for Additive Manufacturimgludes 21
integrated objectives across four America Makes swimlanes (desajerial, process, and value
chain) and impact statements.

Section 7 The narrative companion guideccompanies the joint synthesis roadmap, to provide
further clarity and detail where appropriate for objeditr&t participants across all ServicesfiDL
integrated during the Joint Synthesis Workshop.
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3.4.5 Joint Synthesis
Joint Synthesis Works
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Figure 35: Joint Synthesis Workshop Participants with asterisk (*) indicating lead

Service/DLA interface
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4 APPLICATIONS WITHIN DOD FOR ADDITIVE MAN UFACTURING

The Department of Defense wil/l relogrfighingt he 0°
forces maintain technological superiority in future conflict; this will result from the convergence

of several advanced and emerging technologies (unmanned systems, big data, rapid prototyping,
etc). AM will directly enable the employment tdiese technologies while also providing crucial

new means for future sustainment. The convergence of AM with these concepts is dssential
ensuring an offset that will outpace the future threats of our adversaries. The table below shows a
categorizatiorof application spaces in which AM may be beneficial to the DoD. Many of these
exhibit strong commercial benefit to the U.S. industrial base with strong economic growth
potential as well as DoD benefit.

The Maintenance and Sustainmentapplication space enmpasses locations such as logistics
centers, depots, and CONUS operating bases. The driver for adopting AM within the DoD
maintenance and sustainment environment is primarily for producing acceptable parts on demand
to ensure DoD platforms are functioaald missiorready obtaining those items that have demand

but also have chronic supply issues with traditional manufactuaimfpardto-sourceandlong
productionleadtime parts. TheDeployed and Expeditionaryapplication space encompasses
locations sule as aircraft carriers, submarines, battlefields, OCONUS operating bases, and other
unique environments. Thidew Part/System Acquisitionapplication space refers to the adoption

of AM into new acquisition platforms, where the part/system is designed faralvhanufactured

using AM. Other applications of AM to this environment are manufacturing aides to support
conventional manufacturing, and AM prototypes used for rapid design iteration and form/fit tests.

Maintenance and Sustainment
1 Manufacture of parts typically produced using conventional manufacturing
1 AM repair of conventionally manufactured parts
1 Manufacturing aides for support to conventional manufacturing
1 Prototyping for rapid innovation and reverse engineering
Deployed and Expeditionary
1 Manufacturing of parts typically produced using conventional manufacturing
1 AM repair of conventionally manufactured parts
1 Prototyping for rapid innovation and reverse engineering
New Part/System Acquisition
1 New parts/systemgiesigned for AM and manufacturesing AM
1 Manufacturing aides for support to conventional manufacturing

1 Prototyping for rapid part/system development

4.1 Maintenance and Sustainment

For the Maintenance and Sustainment application space, a significant application of AM is the
manufacture of parts that were typically produced using conventional manufactufihg.main
drivers leading the interest in AMr replacement parts rarely based on cost savings (and may

in some cases lead to a cost incream®) are more often based on part availability and capability
DISTRIBUTION A: Cleared for Public Release #88AB20165841 12



enhancements. Using the original part geometry, the drivers to shift to an AM process typically
stem from attempting to mitigate part obsolescence or long lead time issues by turning to AM as
a rapid manufacturing technique. Parts/systems traditionally produced using conventional
manufacturing may have issues wiibng production lead timegjart obsolescence and/or
diminished manufacturing sources and material shortages (DMSMS). For suppleudtitone
systems, AM may be an especially useful approach fortiwesdurce specialty components and
low-volume replacement electronic systems.

With redesign of conventional parts to a hew geometry enabled by AM, further benefits may
include lightweighting, less material waste, production cost reductions, part consolidation and
enhanced performance. Parts that have low production volumes are particularly desirable for AM
vs. conventional manufacturing due to lower tooling costs. These AM part canditafes may

not be redesigned to take advantage of design freedom with AM. Part redesign may stem from a
reverse engineering process or from a conversion of 2D drawing (if available) to 3D technical data.
AM replacement may not be feasible, due to thawailability of 3D data, or even 2D drawings

and specifications, as well as unknown original design infentegacy parts were not designed

for AM, an AM replacement part will not be the same as the original from a material property
standpoint and AM may at provide the quality or properties over the lifetime required.
Understanding designer intent is critical for replacement parts using AM. These challenges are
further complicated by the cost of qualification. Opportunities exist for pursuing an AM lpamt w

the original supplier is no longer available and requalification would be a requirement with either
a traditional or AM process due to the need to qualify a new supplier.

An AM replacement may cost more than the original part, due to not only the édé¢gs and
materials, but also thergprocessing (scan, 3D model, redesign for AM, optimize part build,
supply/Quality Assurancencoming material), and poegrocessing (consolidate, machine, heat
treat, i nspect, et c.) nsereadiness woulld be conbidered as the e ,
driving factor. Strong business caséscluding these aspectsnust be developed. While
maintenance and sustainment of systems is very importantSeraites this application area is

of specialprocuremeninterest to the Defense Logistics Agency (DLA).

Another general use for AM within the Maintenance and Sustainment environmentAl! for
repair of conventionally manufactured parts due to wear or other danfdgderepair of
conventionally manufactured panmsy beused with techniques such as directed energy deposition
to refurbish worn parts. Issues include repair material compatibility and the interface/bond/weld
with the parent material, and qualification of the repaired part.
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Manufacturing aides for support of conventional manufacturing processes performed
traditionally  within  maintenance and
sustainment environments are also a viable

Manufacturing Aides fosupport of and neaterm application of AM. Cost _and
conventional manufacturing processes lead time savings may be achievable with the
incorporation of AM manufeturing aides to
support conventional manufacturing
T Masking activities. These include masking to support
1 Tooling painting, grit blasting and other surface
1 Fixtures treatment processes, tooling for sheet metal
1 Mounts forming and composite manufacturing, rapid
{ Patterns production of fixtures, moust patterns, and
1 Jigs jigs, and many others. Pushing the limits of

AM tooling for higher pressure and

temperature environments, such as for

composite autoclave processing is also
advantageous as well as for repairing forging/casting tools.

Rapid prototyping usng AM within the Maintenance and Sustainment environment already
provides multiple advantages for the DoD. Rapid prototyping applications may be for form/fit
checks, rapid development for parts or manufacturing aides, and for-upsecfor training
purposs. AM may be more intensively applied within acquisition programs to provide prototypes
to accelerate defense system development.

4.2  Deployed and Expeditionary

Drivers to utilize AM technology within a Deployed and Expeditionary environment aradior
manufacturing of parts typically produced using conventional manufacturing. With similar
motivations in the Maintenance and Sustainment application space, adoption of AM within
Deployed and Expeditionary environments exhibit further unique challenges. Muots/dor
adoption of AM stem from further increased difficulty with obtaining parts critical to complete a
mission. Opportunities for AM in this application space are for shortening the logistics tail and
producing mission critical parts at the point oéde

Unique needs for this application space include ease of design for AM and reverse engineering
procedures for less experienced users and remote operation for design and engineering support
(reach back). Other unique challenges include equipment rugdedi, resiliency, mobility, ease

of calibration and maintenance. Post processing is also a challenge. While simpler AM approaches
and smaller footprints are preferred for Deployed and Expeditionary operations, post processing
requires additional equipme It is desirable to reduce post processing requirements, though they
cannot be eliminated for most structural metal applications. Other needs are for enhanced control
and containment of the build environment to protect from environmental factorasdcist and
humidity. Unique environmental factors also need to be considered for the materials, such as
storage and handling, thermal/humidity/salt, and dust/particulates. Deployed and Expeditionary
AM also may benefit from the utilization of recycledemen indigenous material feedstocks.

Finally, adopters of AM in a deployed or expeditionary scenario may be willing to adopt a higher
ri sk situation, where a part may be approved
certified supplier.Balancing these traeaffs, risks and part life limitations need to be well
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understood and based on mission criticality and known AM part properties including durability
and damage tolerance.

In a similar fashion as the Maintenance and Sustainment appilicapace, traditionally
manufactured parts may bepaired using AM, though this may benorelogistically challenging
due to the nature of some AM equipment (larger machines, heavy energy requirements).

Prototyping within the Deployed and Expeditionargnéeronment may be also advantageous. AM
equipment employed in an expeditionary setting can provide the tools needed for those closest to
potential problems to rapidly develop and iterate prospective solutions. These solutions may
immediately support operahs, or be digitally supplied to engineering activities for development

of more robust components. AM may also be employed as a key element in a rapid reverse
engineering process.

4.3  New Part/System Acquisition

For new part/system acquisition the drives for adoption are thexpected benefits of AM over
traditionally manufactured parts/systems. Army, Department of the Navy, and Air Force are all
very interested in applying AM for enhanced capabilities within new part/system acquisition.
Typically, thesadrivers include an enhanced performance or capability not able to be affordably
produced using conventional manufacturing processes, such as enabling complex geometry, mass
customization, or rapid manufacturing solving a production lead time issue cansacguisition
schedule slip.

Applications for AM to impact new parts, systems, and designs are very diverse and encompass
many aerospace, ground and marine vehicle subsystems and even personal protection, sensing,
medical and pharmaceutical applicatigmswer and communication, tailored food and shelter.

AM is often considered for enhanced performance through producing complex geometries unable
to be produced by other manufacturing methods. These include, for example, complex geometry
structures for lighweighting (fuel savings) and new designs for vehicle structures and propulsion
components (such as heat exchangers, fuel components, etc.). Opportunities of interest are high
value, low production quantity parts with complex geometries, weight reducti@ansystem

through part consolidation or topology optimization, design customization, reduced development
cycle time, rapid design iteration, and enhanced performance benefits. The complexity enabled by
AM extends not just to the geometry of the partdisd to the chemistry and microstructure within

the part, with locatiorspecific properties as a possibility.

Other applications of interest include enabling advantages of additive within parts for extreme
environments such as corrosive, nuclear, radar/sonar/signature reductioienipghature
(ceramics, metals), flame, smoke and toxisitiyngent, and high sss ballistic, and energetic
environments.

Multi-material and multifunctional AM is also of interest with the potential to use AM for
Intelligence, Surveillance, and Reconnaissance (ISR) applications with integrated electronics
printed directly on or witim a structure, conformal antennas adapted into loadbearing structure,
distributed electronics for flight control feedback and structural health monitoring.
Electromagnetic Warfare applications for AM also include communication in contested areas with
AM-enabled solutions such as conformal apertures and reconfigurable electronics. Other
applications for multifunctional AM include integrated power for applications such as energy
harvesting, storage, and management to improve system endurance and range.
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AM also has the potential to create customized medical products that increase the effectiveness of
medical care for the warfighter. Examples include prosthetics, orthotics, casts, splints, and medical

device implants. Some unique needs arise for these appigatFor example, medical implants

need to exhibit biocompatibility, sterility, and must ensure-gpécific issues are overcome such

as entrapped powder. Prosthetics must meet mechanical property requirements, and also be
biocompatible and hypoallergenisM may impact pharmaceutical products through the creation

of unique geometries and/or tailored and customized chemistry which are unable to be produced

using conventional techniques, enabling advanced performance such as rapid drug delivery.

AM can alsoprovide functionality such as astamper/anticounterfeit through the development

of micronanest ruct ured WAfingerprintso or dAwater marKk
general concern for AM is to ensure cysecurity and ardiamper for pag designed and

produced using AMwhere the designs are safeguarded throughout the production process to
ensure tampering has not occurred within the supply chain to the design, build files or machine
controls.

New DoD production/acquisition systems may benefit from cost and lead time savings with the
incorporaton of AM manufacturing aides in support of traditional manufacturing processes in a
similar fashion as the Maintenanaed Sustainment application space. Examples include tooling,
fixtures, jigs, masks, and many others.

New Parts/Systems with Potential for @itépplication of AM (designed for AM and
manufactured using AM)

Aerospace, ground and marine vehicle structures and ancillary parts
Integrated electronics, antennas, structural health monitoring
Conformal apertures and reconfigurable electronics

Power andEnergy harvesting/storage

Personal protection such as ballistics and sensing

Energetics

Medical implants and prosthetics

Pharmaceuticals

Food

Shelter

=A== -0-4_-49_-9_-9_-45_-45-°

In new acquisition, AM processes ynhe matured in order to provide advanced prototyping for
rapid innovation and system/part design and form/fit testing. Benefits include faster design
iterations and system engineering component checks earlier in the acquisition cycle for more rapid
platform development.

As with any new technology, insertion risk is present with AM and must be managed in accordance
to the application and requirements. Lower risk parts are generally pursued in the near term and in
each Servicdsndividual plans. Near termmpportunities for new parts produced using AM include
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components for remotely piloted aircraft, microsatellites, liquid rocket engines, munitions, and
limited life platforms which may exhibit lower risk and less stringent safety requirements. As
confidencas built for AM, longer term implementation opportunities are for full life,4catical
structural applications, embedded electronics/sensors, and even farther term for-dréatale
components.

5 DOD ROADMAP ENABLERS

While technology and transitiorequirement identification was the primary focus of the DoD
Roadmapping workshops, enabling technology is critical to ensuring a robust Additive
Manufacturing (AM) ecosystem. Figure 5.1 illustrates the six capability development needs with
talent, governace, mission, and insights highlighted as AM enablers focus areas.

Figure 5.1: Capability Development

5.1 Cross-Cutting Enablers Summary and Takeaways

Each of the four AM roadmap swimlanes executed mind maps to identify-artisg)
commonalities. In sumary, these crossutting enablers are:

1 Cultural Change (Mission) Enabling cultural change will facilitate increased {yor
and understanding of AM.

1 Workforce Development (Talent)Appropriately educating staff enables increased AM
understanding angroduction effectiveness.

1 Data Management (Insights) Successful data management facilitates appropriate
information exchange and secures sensitive data.

5.1.1 Cultural Change

Definition: Cultural change is the adaptation of the organization to facilitateeased
understanding and comfort (at both the individual and collective level) with AM
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