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Additive Manufacturing to support the United States in current and future geopolitical and
geoeconomics conflicts
History defining conflicts that determine the course of global geopolitical and
geoeconomic outcomes are determined by the manufacturing infrastructure of the countries
involved. In the twentieth century, this was determined by a nation’s industrial and technological
capacity. In the twenty-first century, this has been and will continue to be determined by a
nation’s industrial and technical agility.
Today, the results of global geopolitical and
geoeconomic conflict are determined not by a countries ability to turn an automobile plant into a
tank production line but rather the rapid creation and fielding of conflict changing systems such as
improvised explosive devices (IEDs) using commercially available items to achieve battlefield
objectives and alter the outcome of the war. A recent economic example of this was with the recent
outbreak of COVID-19. Decades of policy that allowed and enabled the offshoring of
manufacturing of personal protective equipment (PPE) resulted in scarcity of critical items at a
time of significant need. Additive Manufacturing (AM) and its ability to rapidly produce items
such as respirators, face shields and ventilator components with a distributed manufacturing
infrastructure became a major contributor to the national strategy for addressing the COVID19 pandemic.
Additive Manufacturing represents the forefront of agile manufacturing and design
technology capability. Because AM is a digital data driven technology, it can affordably deliver
complex designs that enable system performance that cannot be achieved with current design
approaches materials, or manufacturing processes. Furthermore, these designs can be upgraded by
simply changing the digital definition. Additive Manufacturing can have a significant and
near-term impact on the economic and military security of this nation. Additive
Manufacturing has already demonstrated its potential to rapidly produces high temperature
materials for hypersonic weapons or turbines for energy efficient engines, light weight structural
materials to repair fighter jets or steering linkages in sports cars and low-cost structural materials
to fabricate military support equipment or rapidly fabricate tooling for injection molding.
While AM offers a tremendous potential to address the economic and military
security needs of the United States there are several key technology challenges that need to
be addressed and to do so key technical and capital infrastructure need to be established.
Technical Challenges to Address:
Materials for Additive Manufacturing: Additive Manufacturing has an inherent capability to
fabricate and design or any shaped that can be defined electronically even designs that can not be
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produced with conventional approaches. However, AM does have drawbacks compared to
conventional methods in the aspect of mechanical properties. The AM processes does not allow
for the full suite of thermal- mechanical processes that conventional manufacturing uses to
optimize mechanical properties (i.e., achieve wrought properties). One approach to address this is
the addition nanomaterials such as carbon nanotube the create carbon nanotube metal matrix
composites with mechanical properties that are equivalent or better than the conventional wrought
materials.
In order for AM to be fully utilized three classes of materials need to be developed:
1. Light weight structural: Typically, these are aluminum or titanium-based alloys. The
materials are defined as have high strength to weight ratios such and used in transportation
applications. (e.g. aircraft, spacecraft and automobiles)
2. Low cost structural: Alloys such as steel and stainless-steel generally define this
category. These materials tend to be some of the strongest metals available and are
relatively low-cost materials to produce. Applications include industrial equipment and
tooling.
3. High Temperature: These materials operate in environments that are hotter than the
operating temperatures of the light weight structural and low-cost structural materials
Typical materials in this class include nickel super alloys, refractory metal and even
ceramics. Applications include jet turbine engines, rocket nozzles and hypersonic vehicles
Required Infrastructure:
1. Capital equipment to fabricate carbon nanotube metal matrix powders in low-rate
production (Full production scale up paid for by commercial sales)
2. Capital equipment to do AM process parameter development and support applications
development
3. Technical support to perform material testing and analysis (University Partners)
In situ process control of the Additive Manufacturing process: Because AM is by nature a
layer by layer build up process used to form complex non-uniform shapes. The thermal processing
of a given portion of the AM build will be different from another portion. This results in a different
microstructure and thus different mechanical properties. Current, AM systems use open loop
(uncontrolled) process control with AM parameters that have been developed for specific AM
systems and broadly account for the non-uniformity that arises from part geometry and placement
configuration during the manufacturing process. Often several test builds are required in order to
optimize the number of parts and the placement of these parts in the AM system. In the long term,
the development of an in situ closed loop process control system that addresses these build-tobuild variations is required. The key is the development of a process control system that is agnostic
of the AM build system to address future AM build system obsolesce.
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Required Infrastructure:
4. Capital equipment to do AM process parameter development and support applications
development
5. Development and fabrication of a multispectral sensor system to monitor the melt pool
and resulting geometry
6. Mechanical testing and analysis to correlate AM processing parameters to melt pool
conditions and resulting microstructure. Correlate resulting mechanical properties to
the microstructure.
7. Development and verification and validation of a software system that can correlate
melt pool data of a given set of AM processing parameters to resulting microstructure
and thus mechanical properties.
8. Development and verification and validation of a software systems that can provide
closed loop control to the AM build system to correct manufacturing defects and
provide persistent quality assurance.
Certification and Qualification of AM produced components: The certification and
qualification process is often considered the biggest obstacle in the development of new
technologies. While the DoD eliminated the use of Mil-Spec and Mil-Handbook-5 in the 1990’s
as the certification standard, many of its foundational aspects remain incorporated in the standards
that have replaced it (e.g., ASTM, ANSI, SAE, etc.). One example is the requirement to conduct
extensive mechanical testing to achieve strong statistical database. As a result, this requires the
fabrication and testing of a typically hundreds test specimens for over three dozen types of
mechanical tests. For new materials and manufacturing technologies used in Air Force
applications the full entire certification and qualification costs hundreds of millions of dollars and
thereby makes the certification of new materials fiscally impossible. Case in point, the F-35 uses
the same IM-7 carbon fiber as the F-22. This material was originally developed by NASA for the
Space Shuttle and qualified at a cost of $100 million in the 1970s and 1980s. Given the variations
in mechanical properties that can happen in the AM of pure metals it is not possible to achieve
approval from the Engineering Support Activities (ESA) using current paradigms. What is
required is a new Condition Based Acceptance approach that uses in situ process monitoring and
process control to assure the formation of the desired microstructure throughout the component.
In addition to this inspection techniques such as X-ray / CT can be used to determine a test samples
microstructure prior to mechanical testing. Machine Learning / Artificial Intelligence can be used
to correlate machine parameters to microstructure to mechanical properties. These results then
become the control laws for the closed loop process control systems. This approach will allow for
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persistent quality control and inspection and provide a greater degree of certainty than the statical
based methods used under Mil-Spec and the Mil-Handbooks.
Required Infrastructure:
9. Materials for Additive Manufacturing
10. In situ process control of the Additive Manufacturing process
11. Verification and validation testing of in situ process control system utilizing AM
materials of interest (e.g., having wrought mechanical properties or better).
Workforce Development: Because AM is a new technology that has impacts in design,
manufacturing, and materials a workforce development effort will need to be conducted to achieve
the following:
1. Inform decision makers on the capabilities, costs and risks associated with the use of AM.
This will help program managers and policy makers in making informed decisions
2. Training of engineers ranging from college students to experience professionals in the
aspects of design for Additive Manufacturing
3. Training of technician in the operation of AM systems and performance of associated post
processing tasks including machining and heat treatment processes.
4. Utilization of the universities to develop new materials, develop in situ process control
capabilities and support certification and qualification to facilitate knowledge transfer.
Required Infrastructure:
12. Scoping, defining, and developing the curriculum required for the workforce
13. Access to classrooms / video conferencing to conduct training
14. Access to capital (CAD Software, Computers, AM System and Post Processing
equipment)
15. Financial support and program management to facilitate university collaboration.
Digital Engineering – Digital Thread and Digital Twin: Digital Engineering is a broad term
that applies to a multitude of technologies and applications that are currently being developed to
support the lifecycle (e.g., design, production & maintenance) of components and systems. These
technologies and software applications include: 1. Computer Aided Design and Engineering of
components and systems, 2. Modeling, simulation, and analysis to support verification and
validation of components and systems 3. Management and control of production and inventory of
components and systems. 4. Support the planning, tracking and execution of life cycle
maintenance and sustainment. The data that all these technologies and software applications create
can be linked to create a Digital Thread of information spanning the formulation of mission needs
and requirements to the design, production and operation of components and systems. This will
give stakeholders at the various stages of the product lifecycle unprecedent opportunity to lower
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lifecycle cost while maximizing the products performance. Another aspect of digital engineering
that is expected to have profound impact is the use of the Digital Thread to create a Digital Twin.
The Digital Twin represents a digital database for every single system deployed into the service
(e.g. F-35 Lightning, M1 Abrams Tank, Virginia class submarine) and will serve a Bill of Materials
and configuration control. It will provide links to design and production pedigrees and histories
of the components that comprise that specific aircraft, tank or submarine and track manufacturing,
maintenance and repair histories.
Required Infrastructure:
16. DoD wide agreement on the Digital Thread and Digital Twin Architecture at the detail
level
17. Development of a product data management system that spans initial design to lifecycle
sustainment and proactively addresses data management obsolescence
18. Establish, Develop and Implement Cyber Security Protocols
19. Establishment of secure Internet of Things (IoT) network spanning product design,
production, inventory, and lifecycle sustainment.
SHEPRA is uniquely positioned to address the technical challenges facing AM and its
utilization by the Department of Defense. SHEPRA personnel have combined experience of over
fifty years of active-duty military service, fifteen years of design and manufacturing engineering
experience at Lockheed Martin, General Electric Aircraft Engines, and other OEM manufacturers.
This includes ten in Additive Manufacturing that has resulted in five issued or pending patents in
Additive Manufacturing and the use of carbon nanotubes. Since 2007, SHEPRA has been
providing support services to the Defense Logistic Agency Industrial Base and Industrial Capacity
programs to identify gaps in the supply chain and develop solutions to address these issues. As
the technical issues preventing the full adoption of AM become resolved SHEPRA will be in
position to rapidly transition AM solutions and AM produced components to the warfighter.
SHEPRA is also leading the way to develop new materials for AM. To date, SHEPRA and
the University of Dayton Materials Engineering department (UD) have engaged in four phase I
SBIR / STTR programs and two phase II SBIR / STTR programs that demonstrated the ability to
use carbon nanotubes to increase the strength and stiffness and address thermal cracking in
aluminum, stainless steel, nickel refractory alloys and pure copper. The fundamental science is the
ability of the SP2 hybridized electrons of the carbon nanotubes to interface with the valance
electrons of the metal atoms that comprise the metal matrix alloy. Because the carbon nanotubes
and metal alloy in the composite remain chemically discrete from one another this technology
allows for an unlimited number of carbon nanotube concentrations and metal alloy chemistries
that can be tailored to the application requirements.
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SHEPRA and UD have also employed commercially available raw materials and
commercially available AM manufacturing systems to develop the technology. The use of
commercially available materials and manufacturing equipment results in a carbon nanotube metal
matrix composite that is effectively cost neutral compared to the gas atomized powder used in AM.
Plus the use of commercially available AM systems facilitates the scale up and industrialization of
the technology. As a result, the technology stands at a Technology Readiness Level of four (4)
with a Manufacturing Readiness level of four (4). Investment in the development of materials for
AM and In Situ process control coupled with an application focus such as a hypersonic cruise
missile will be required for further technology development.
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Navy Phase II STTR:
N16A-T007

Army Phase II SBIR:
A17-033

Appendix 1

SHEPRA is actively pursing AM material systems of interest to the Navy and Air Force
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Stress – strain curves of Additively Manufactured Haynes 230 with and without carbon nanotubes. The
addition of carbon nanotubes significantly increases the strength and stiffness compared to AM
produced Haynes 230
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Heat treated Hybrid 6061- Alsi10Mg aluminum carbon nanotube metal matrix composite meets yield strength
and ultimate strengths requirements at 3.8% porosity. Mil Handbook -5 specifications for 6061-T6 aluminum are
35ksi: yield tensile strength, 45 ksi: Ultimate tensile strength and 10% elongation. Further development of AM
process parameter development will reduce porosity and likely improve mechanical properties.
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H.R. 4350—FY22 NATIONAL DEFENSE
AUTHORIZATION BILL
SUBCOMMITTEE ON TACTICAL AIR
AND LAND FORCES
Digital engineering design and manufacturing expansion
The committee supports the Air Force’s continued development of its
advanced manufacturing techniques and processes that are predicted to reduce cost
and time needed to develop, test, and field new weapon systems and capabilities.
The committee acknowledges the positive impacts that “e-Design” digital
engineering initiatives had on the new T-7A trainer by nearly eliminating
manufacturing rework and touch-labor hours to assemble the first aircraft. The
committee believes e-Design and advanced manufacturing processes and techniques
will allow the Air Force to exchange real-world activities with the digital
environment, increasing speed and agility. Therefore, the committee directs the Secretary of the
Air Force to provide a briefing to the House Committee on Armed Services not later than
February 15, 2022, on the Air Force’s ability to expand digital engineering capabilities to a wider
range of programs, high-cost structural parts, mission systems, and component subsystems. The
committee expects the briefing to include verifiable information that describes how e-Design
methodologies and processes will reduce a program’s maintenance, sustainment, and
operations costs during the life-cycle of the program.
Takeaway: This a fundamental description of the use of Additive Manufacturing
coupled with the use of digital thread / digital twin Information Technology
Infrastructure that required fundamental investment in Materials for Additive
Manufacturing, Advanced process monitoring and control for Additive
Manufacturing, Development of Information Technology Infrastructure and
Training of Personnel. All this must happen in away to promote the certification
and qualification of components made with Additive Manufacturing.
Carbon fiber and graphite foam applications for combat and tactical vehicles
In the committee report accompanying the William M. (Mac) Thornberry
National Defense Authorization Act for Fiscal Year 2021 (H. Rept. 116-442), the
committee noted that the U.S. Army Ground Vehicle Systems Center (GVSC) and
U.S. Special Operations Command (USSOCOM) were conducting developmental
research on carbon fiber composite wheels and graphitic carbon foam in support of
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the Army’s and the special operations forces' combat and tactical vehicle programs.
The committee took the opportunity in that report to encourage the Army and
USSOCOM to ensure that the combat and tactical vehicle industrial base were
aware of their potential interest in graphite and carbon fiber technologies as well as
to continue to assess their possible application to future combat and tactical
vehicles. The committee now understands that the GVSC and USSOCOM may be
interested in a wider application of graphitic composite and graphitic carbon foam
components in support of the Army’s Next Generation Combat Vehicle and for other
vehicle technology purposes. For example, graphitic composites used in batteries
and fuel cells may reduce their weight with increased strength. Graphitic carbon
foam may have utility in reducing component heat signatures and protecting
against blast, directed energy, or electromagnetic pulse weapons.
Given the committee’s encouragement in last year’s report, and its
enduring interest in the testing and demonstration of the potential of graphite
composite and graphitic carbon foam vehicle components, the committee directs the
Commander, Army Futures Command, in coordination with the Commander, U.S.
Special Operations Command, to submit a report to the House Committee on Armed
Services not later than December 30, 2021, on efforts to make the combat and
tactical vehicle industrial base aware of its interest in graphite composite and
graphitic carbon foam vehicle components.

Takeaway: The carbon nanotubes utilized by SHEPRA have the same chemical
structural as the graphic composites and foams identified in H.R 4350 and thus
have similar thermal, electrical and electromagnetic properties. However, when
incorporated into metals for use in Additive Manufacturing the resulting
composite will result in lower manufacturing cost and produce more durable
components than graphite-based materials as a result of the manufacturing
methods utilized. In addition, the use of carbon nanotube has been demonstrated
to improve the ballistic protection of traditional based armor configurations. (US
Patent: 7,041,372 Anti-Ballistic Nanotube Structures)

Medium caliber ammunition
The committee supports and encourages the Army’s careful management of
production capacity, capability, and risk in its medium caliber ammunition
industrial base. The committee is also aware that the Army is evaluating the
adequacy of and risk associated with medium caliber industrial base production
capability and capacity for 20mm to 30mm ammunition. The committee is further
aware that adequate production capability and capacity exists today, within a
competitive procurement environment, with two North American vendors. Given
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this ongoing evaluation, the committee directs the Secretary of the Army to provide a briefing to
the House Committee on Armed Services not later than December 30,
2021, on the current medium caliber direct-fire ammunition acquisition strategy
and future changes, if any, under consideration. The briefing shall include cost
benefit considerations and potential industrial base impacts to any future medium
caliber ammunition acquisitions.

Takeaway: SHEPRA just completed a phase II SBIR on the development of an
aluminum carbon nanotube metal matrix and successfully fabricated 30 mm
sabots use to in the fabrication of armor penetrating ammunition. The design
geometry was provided by General Dynamics Ordinance and Tactical System.
The program goal was to reduce the production cost and increase lethality of the
round.

SUBCOMMITTEE ON CYBER, INNOVATIVE
TECHNOLOGIES, AND INFORMATION SYSTEMS
Report on the Agility Prime program of the U.S. Air Force
The committee recognizes that the U.S. Air Force’s Agility Prime program is working towards its
goal of ensuring a robust domestic market for electric vertical takeoff and landing (eVTOL)
aircraft, as well as introducing the Department of Defense to zero emissions aviation. eVTOL
aircraft can provide the Department with many unique use cases since they are electric, have
significantly lower noise levels compared to today’s aircraft, lower maintenance and operating
costs, and reduced heat signatures. The committee commends the Air Force for prioritizing the
Agility Prime program and believes that continued investment in this technology will help to
maintain the country's global leadership in the eVTOL market. Therefore, the committee directs
the Secretary of the Air Force to submit a report to the congressional defense committees not
later than March 30, 2022, on the research, development, testing, and acquisition strategy for
the Agility Prime program. The required report shall address the following matters:
(1) a description and justification for the focus areas of the program.
(2) projected dates for key milestones within the strategy.
(3) cost estimates and a projected budget for a 5-year investment plan.
(4) a description of how the strategy will improve collaboration with the
private sector and military exploration of these key areas of innovation.
(5) a description of how the strategy will encourage competition and reward
innovation for addressing system performance requirements.
(6) policies that could be pursued by the Department to ensure global
leadership in the sector.
(7) a projected timeline for acquisition of electric aircraft.

Takeaway: SHEPRA was part of the AFWERX 20.D STTR to support the Agility
Prime Program and focused on aluminum carbon nanotube metal matrix
composites. Air Force personnel provided two memorandums of understanding
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and two additional letters of support recommending phase II funding. The
proposal was rated as “Selectable but not funded” citing budget limitations
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COMPANY OVERVIEW
Founded in 2007, SHEPRA provides Logistical, Engineering
and Management Services to the Department of Defense
•

Service-Disabled Veteran Owned Small Business with 20
employees in Florida, Ohio, Virginia, Tennessee and Texas

•

Certified to review Secret and hold ITAR information

•

Yearly revenue: ~ $3 million

Support the Defense Logistics Agency Industrial Supply Chain
and Industrial base
•

Perform strategic studies to identify critical gaps in the industrial
base and supply chain and develop solutions to resolve the root
cause

Develop new materials for use in metal Additive Manufacturing
Utilize patented approach to incorporate carbon nanotubes into
metal powder for Additive Manufacturing with improved
mechanical and physical properties
CUI / SP –CTI

SBIR / STTR Programs
Navy STTR N16A-T007 (17-4 SS, Phase II)
Army SBIR A17-033 (AlSi10Mg, Phase II)
Air Force SBIR 182-005 (6061 Aluminum, Phase I)
Air Force STTR 20D-TSC01 (Hybrid 6061, Phase I)
4 Phase I, 2 Phase II contracts- $2.5 million

Premise:
•

Additive Manufacturing (AM) has the ability to change the way critical high value
commercial and military systems are produced, maintained and sustained.

•

Commonly called Industry 4.0, Additive Manufacturing has the ability to rapidly
produce small production runs of complex design components in a manner that is at
the right place at the right time.

•

Technical, Economic and Policy barriers currently limit the wide scale adoption and
utilization by Commercial and Military markets

•

Need to establish an infrastructure to concurrently address the Technical, Economic
and Policy barriers

Technical Barriers:
Problem: Mechanical properties are determined by microstructure and microstructure
is determined by composition chemistry and thermal and mechanical processing.
Additive Manufacturing as a process lacks repeatability and the ability to control and
uniformly apply thermal processing and mechanical processing is not possible during
AM fabrication.
Solution:
• Creation of a carbon nanotube metal matrix composite that does not require
solution heat treating and can be applied to metals alloys of interest
• Development of an in situ process monitoring system that can be incorporated into a
closed loop process control system

TECHNICAL SOLUTION:
Carbon Nanotube Metal Matrix Composite
 Process to prepare and disperse carbon

nanotube within metal powder for use in Additive
Manufacturing or other manufacturing
processes
 Carbon Nanotubes and metal can share

electrons and create an interface that allows for
the transfer of mechanical loading from the
metal matrix material into the stronger and
stiffer carbon nanotubes. Increases the overall
strength and stiffness of the composite

In Situ Process Monitor / Control
 Use of multiple infrared cameras to monitor the

temperature and thermal gradients of the melt
pool during the Additive Manufacturing process
 Because the Additive Manufacturing process

uses thin layers (tens of microns thick) each
layer of metal powder is typically remelted five
times. Machine Learning / Artificial Intelligence
can be developed to adjust processing
parameters in the melting of subsequent layers
to address defects and influence microstructure.

 Approach and material behavior similar to

carbon fiber – epoxy composites
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Economic Barriers:
Problem: Additive Manufacturing is a relatively new and unique approach to the
fabrication of components and tooling as well as repair of prior existing items there is no
established value chain or sales channel. Cost of certification and qualifications will cost
billions.

Solution:
• Create a value stream ranging from raw materials to commercial and military
customers that utilizes commercially available materials and manufacturing systems
• Establish a work force development effort to train and educate at the various stages
of the value chain that supports the reshoring of the manufacturing industrial base.
• Establish “Best Practices” and development of a knowledge base for AM system
operation and implementing design and analysis for Additive Manufacturing

Policy Barriers:
Problem: Current approaches to certifying and qualifying new materials and
manufacturing process do not apply to Additive Manufacturing. The performance
impacts that variations in Additive Manufacturing system designs and geometry
configurations can not be accounted addressed. Prior approaches were based
manufacturing process certification through extensive mechanical testing and statistical
analysis (Mil-Spec, Mil-Handbook-5). This approach is currently cost prohibitive for any
new technology and not feasible for AM.
Solution: Condition Based Acceptance. Certification, qualification and acceptance based
on achieving a required microstructure (grain size & morphology, porosity and defects)
for a given metal alloy. Implementation is outside of SHEPRA’s scope and resources

Policy Solution: Condition Based Acceptance
• Requires a development effort to relate:
• AM processing parameters to thermal profiles / thermal gradients (Via In Situ
Monitoring)
• Thermal profiles / thermal gradients to microstructure (Via CT-Scan, X-ray and
other Non-Destructive Testing / Evaluation –NDE/ NDT)
• Include post processing (e.g. heat treatment)
• Microstructure to mechanical properties (Via mechanical testing and Machine
Learning (ML) / Artificial Intelligence (AI))
• Develop design allowables based on microstructure morphologies required to achieve
required mechanical properties. This will determine thermal profiles / thermal
gradients and post processing requirements.
• Implement closed loop process control using to achieve thermal profiles / thermal
gradients during AM fabrication.

SHEPRA, Inc.
High Performance Technical and Management Solutions for Metal Additive Manufacturing and Nano
Technologies.
Core Competency:
• Blending of Carbon Nanotubes and Metal Powders for use in Additive Manufacturing or other Powder
Metallurgy applications.
Advantages:

• Intellectual Property and Patents in the use of Nanotechnology to Enhance Materials for Additive Manufacturing.
• Established Supply Chain and Sales Channel from Raw Materials for Commercial and Government Customers.
• Long Track Record of Developing and Implementing Technical and Management Solutions to Resolve Supply Chain challenges.
History:

• Founded in 2007, SHEPRA provides Management, Engineering and Technology Services for the Department of Defense

•
•

supporting the Defense Logistics Agency Industrial Supply Chain and Industrial base.
Utilize patented technology to develop new metal matrix composites for Additive Manufacturing.
Service-Disabled Veteran Owned Small Business with Operations in Florida, Ohio, Virginia, Tennessee and Texas.

SHEPRA, Inc.
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WHAT IS ADDITIVE MANUFACTURING?
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ADDITIVE MANUFACTURING (AM), OR 3D PRINTING, IS A TRANSFORMATIVE
APPROACH TO INDUSTRIAL PRODUCTION ENABLING THE CREATION OF LIGHTER,
STRONGER PARTS AND SYSTEMS WITH SUBSTANTIALLY LOWER LEAD TIMES
Additive manufacturing uses data computer-aided-design (CAD) software or 3D object scanners to direct hardware to
deposit material, layer upon layer, in precise geometric shapes. Additive manufacturing adds material to create an
object that may not require additional steps. By contrast, when manufacturing an object by traditional means, it is
necessary to remove excess material through milling, machining, carving, shaping or other means thus reducing
waste.

Create 3D CAD
Model

SHEPRA, Inc.

Determine AM
Technology

Print Model or
Prototype

Test Printed
Parts

Adjust Printing
Parameters

Final Part
Produced
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ADDITIVE MANUFACTURING IS A CORNERSTONE TECHNOLOGY
FOR THE INDUSTRY 4.0 REVOLUTION

• The Fourth Industrial Revolution, or 4.0, is expected to rely on 3D printing technology to include the ability to create a variety of
geometric structures, simplify the product design process, offers an is environmentally friendly solution, accommodates lowvolume production, and decreases lead times and total production costs.

• 3D printing can produce spare parts on location, therefore reducing supplier dependence on single/sole source suppliers while
reducing the supply lead times. Benefits include Increased flexibility, reduced warehousing costs, and facilitates which allow for
the adoption of a mass customization business strategy.

SHEPRA, Inc.
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ADDITIVE MANUFACTURING MARKET: ESTIMATED AT $12.1B (2019)
OR A 25% GROWTH RATE WITH A 24% CAGR, REACHING $35.0B BY
2024, AND IS EXPECTED OR TO DOUBLE EVERY THREE YEARS
• EY reported that 65% of survey
participants are using 3D printing.

• 18% of respondents are using AM
for serial production.

• The use of AM for manufacturing
end-use parts is expected to be
adopted by 50% of all companies
by 2022.

• Primary

3D printing system
manufacturers are headquartered in
the US.

• Funding is increasing in China
from government programs — to
promote the competitiveness.

SHEPRA, Inc.
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ADDITIVE MANUFACTURING: THE GOOD NEWS

24% Growth Rate
40% of 3D printing for Serial Production

75% Of Production from the US,
UK, Denmark

3X Professionals Using 3D
Printing Than 3 Years Ago

$1.1B raised by 3D startups

65% of EY surveyed companies
using AM

3D printing has “crossed the chasm” of adoption, which lies at the 16% mark, according to the technology
adoption life cycle model. AM manufacturing is expected to be adopted by 50% of all companies by 2022.

SHEPRA, Inc.
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ADDITIVE MANUFACTURING BRINGING BACK MANUFACTURING
TO THE U.S.
“By eliminating production steps and using substantially less material, ‘additive’ processes could be able

to reduce waste and save more than 50 percent of energy compared to today’s ‘subtractive’
manufacturing processes and reduce material costs by up to 90 percent.
The use of additive manufacturing can potentially benefit a wide range of industries including defense,
aerospace, automotive, biomedical, consumer products, and metals manufacturing. This is good
news for the American economy, as additive manufacturing could bring outsourced manufacturing
back to the U.S. and create new jobs.”
US Department of Energy, 2014

SHEPRA, Inc.
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WHAT ARE THE CHALLENGES AND SOLUTIONS FOR ADDITIVE
MANUFACTURING?
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ADDITIVE MANUFACTURING (AM) IN ITS CURRENT STATE CANNOT
ACHIEVE ITS POTENTIAL FOR SUSTAINMENT AND GROWTH
• Needed greater is a holistic development of policy, procedures and technology to achieve economic viability.
• Required is a changes in approach to investment strategy.

SHEPRA, Inc.
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THE CHALLENGES OF ADDITIVE MANUFACTURING ADOPTION BY
THE SERVICES MUST BE ADDRESSED
• System Approach: Need a holistic
development of policy, procedures and
technology in order to achieve
economic viability.

• Investment: Requires changes in
current investment strategy.

• Approach: Qualify Function
Deployment-type effort to establish
Key Performance Parameters for
Policies and Procedures, Technology
and Economic Aspects of AM.

• Desired End State: An ecosystem for
robust manufacturing process that is
available to, affordable and achievable
by OEMs and small businesses.

SHEPRA, Inc.
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CREATE AN ECOSYSTEM TO ENABLE ADDITIVE MANUFACTURING TO
SUPPORT AMERICA’S DEFENSE AND COMMERCIAL INDUSTRIAL BASE
Policy: & Procedures:
• Processes to Identify opportunities for Additive Manufacturing.
• Verification and Validation processes for certification and acceptance by regulating authorities.
Technology:
• Advanced Additive Manufacturing materials for better performance.
• Testing and analysis techniques to reduce time and cost to qualify.
Economics:
• Establish support infrastructure to grow by suppling critical materials and personnel.
Development and production scale up of new materials and rapidly
certifying them is the key to success

SHEPRA, Inc.
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CREATE AN ECOSYSTEM TO ENABLE ADDITIVE MANUFACTURING TO
SUPPORT AMERICA’S DEFENSE AND COMMERCIAL INDUSTRIAL BASE
Improved & Consistent Mechanical Properties, GD&T, Increased Build
Volume & Build Rates, Advanced Materials

Technology
Standards,
Verification &
Validation Approaches,
Technical Data Packages,
ID Candidate Components,
Quality Assurance Processes

Logistics Costs
Operations Costs
Manufacturing Costs
Support Infrastructure

Policy &
Procedures

SHEPRA, Inc.

Economics
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THE IMPACT OF ADDITIVE MANUFACTURING IN OHIO

SHEPRA, Inc.
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ADDITIVE MANUFACTURING PRESENTS THE GREATEST
OPPORTUNITY FOR TRANSFORMING THE DECLINING
MANUFACTURING SECTOR FOR OHIO

3D Printing

• 13% growth in sales in the last 10 years.
• 15% growth in jobs during the last 10 years.

Traditional Manufacturing

• 8% decline in sales growth during the last 10 years.
• 6% decline in jobs during the same period.

SHEPRA, Inc.
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OHIO HAS AN ADVANTAGED FOR CAPITALIZING ON THE
TRANSFORMATIONAL EFFECT 3D PRINTING WILL HAVE ON
MANUFACTURING ECONOMIES

Manufacturing Legacy:
• $100 billion in manufacturing output in Ohio making it one of the top manufacturing workforce
states in the country.

• Northeast Ohio has more than 800 plastics processing and 1,900 metals fabricating companies,
together employing more than 100,000 people.

Access to End-use Markets:
• Including aerospace, medical/dental, and automotive industries which account for 478
establishments and over 38,000 jobs in the region. These industries were responsible for 62 percent
of AM system sales worldwide in 2014.

SHEPRA, Inc.
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ADDITIVE MANUFACTURING ECOSYSTEM: BEAVERCREEK, OH
Support contractor to the Defense
Logistic Agency (DLA). Develop new
Materials for AM. AM production
to support DLA needs, Training &
Education
AM
process
parameter
development and AM fabrication of
components
Manufacturing of AM systems with
built in process monitoring to
develop AM process parameter &
provide Quality Control
DLA contract to reverse engineer
aerospace hardware

Russ Research Center: Ohio University Research,
Education and Training Facility

AM process development and
production for NASA (MSFC) of
copper rocket components using
PAC powders

ADDITIVE MANUFACTURING ECOSYSTEM: DAYTON REGION
AFLCMC: Development of
methods and Process to use AM to
repair Aircraft – UDRI
AFRL: Research into New
Materials and Processes for AMAmericaMakes
Universities with Active Research in Additive Manufacturing

Commercial Additive Manufacturing Service Bureaus
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ADDITIVE MANUFACTURING ECOSYSTEM: STATE OF OHIO
Ohio will play a key role in
the advancement of
Additive Manufacturing
technology. Investment in
resolving key technical
challenges will result in
economic growth
Thomas Register:
• Fifty (50) companies in Ohio as
doing business in Additive
Manufacturing
• Second to California with 99
companies
• Several key companies not listed

ADDITIVE MANUFACTURING IMPACT ON OHIO
Jobs Ohio Key
Industries
Advanced
Manufacturing

Potential Opportunities
Continued leadership in the field of Additive
Manufacturing

Aerospace & Aviation

Development of new materials and technologies for
propulsion, hypersonic flight and space launch

Autonomous Mobility

Fabrication of eVTOL orbs as part of Air Force
Agility Prime

Energy & Chemicals

Supply raw materials for AM systems

Financial Services

Unknown

Food & Agribusiness

Unknown

Healthcare

Fabricate medical devices, implants and Personal
Protective Equipment

Logistics & Distribution

Point of need manufacturing, servicing & repair

Military & Federal
Technology

SHEPRA, Inc.

Support Air Force Life Cycle Management Center &
Air Force Research Lab at WPAFB
Nanotechnology materials for AM

Carbon Nanotube Metal
Matrix Composites
Powder Alloy Corp,
Maineville, OH
SHEPRA, Dayton, OH
Air Force Agility Prime
Dayton, OH
LEAP Fuel Nozzle
GE Aviation
Evandale, OH
Medical Implant
Tangible Solutions
Fairborn, OH
N95 Respirator
BasTech
Vandalia, OH
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THE INDUSTRIAL CHALLENGES OF ADDITIVE MANUFACTURING

SHEPRA, Inc.
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OPERATIONAL NEEDS AND REQUIREMENTS
Rapid fabrication of maintenance and sustainment hardware to improve Mission Readiness:

• Reduce Production Lead Time (PLT) from years to hours.
New capabilities resulting from improvements in mechanical properties:

• 50% increase in stiffness and 100% increase in strength have been demonstrated.
Reduction in production and lifecycle costs:

• Higher raw materials utilization, On demand production, Eliminate tooling.

SHEPRA, Inc.
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ECOSYSTEM VALUE STREAM

ID Candidate
Component

• Develop Advanced
Materials: Powder Metal
Supplier, CNMMC
Development.

• ID Candidate

Components: (Air Force,
DOD OEM, SHEPRA (DLA).

• Design & Analysis for AM:
AM Verification &
Validation

AM System Producers, DoD
OEMs, Air Force, SHEPRA
(DLA).

• Verification and Validation
Approaches: Air Force, DoD
OEMs, AM Systems Producers,
SHEPRA (DLA).

• Support Infrastructure:

SHEPRA, Inc.

AM Systems Producers provide
training to Air Force, DoD
OEMs, AM Service Bureaus
and Commercial AM users.
30

VALUE PROPOSITIONS

Process to incorporate Carbon Nanotubes into Powder Metal for Additive
Manufacturing to:

• Improve Stiffness and Strength through “long fiber” load transfer in a matrix.
• Reduce / eliminate thermal tear in non-eutectic alloys by forming nucleation sites.
• Improve laser power absorption by acting as surface coating to shift wavelength
response.

• Increase Thermal & Electrical conductivity of the matrix.

SHEPRA, Inc.
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DOD / COMMERCIAL SOLUTION
Same product will used by the military services and commercial customers:

• Micron sized powder metal coated with carbon nanotubes.
Achieve Economy of Scale:

• Powder can be used in multiple Powder Manufacturing processes such as die casting, cold
spray, and metal injection molding.

• $8 Billion market with 9.8% CAGR.
Work with Additive Manufacturing systems providers to develop AM processing parameters.
Additive Manufacturing research, technical development, application development.

SHEPRA, Inc.
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SAMPLE SHEPRA DOD PROJECTS
17-4 Stainless
Steel

AlSi10Mg

.
Hybrid 6061
Aluminum

Program

Navy STTR:
N16A-T007

Army SBIR:
A17-033

AF SBIR: AF182-005
AF STTR: 20D

IRAD

IRAD

Status

Phase II

Phase II

Phase I

Active

Inactive

DoD Application

Maintenance &
Sustainment, Ground
Vehicles

Sabot for Long Rod
Penetrator

High Performance
Aerospace

Hypersonic systems

Rocket Engines
Thermal Applications

Commercial
Application

Tooling, Industrial &
Construction
Equipment

Automotive, Replace
castings

High Performance
Automotive,
Commercial
Aerospace

Jet Engines, Turbine
Generators

Heat Exchangers

Benefit

AM with ASTM
Wrought properties
w/o post process
heat treat

AM aluminum with
wrought properties

AM of highperformance wrought
aerospace aluminum

69% increase in
Strength
13% increase in
Stiffness

Process on standard
AM systems

SHEPRA, Inc.

Haynes 230

Copper
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PROGRAMS FOR ADDITIVE MANUFACTURING

SHEPRA, Inc.

MATERIALS FOR ADDITIVE MANUFACTURING
Objective: Development of carbon nanotube metal matrix composite for use in
metal Additive Manufacturing. Develop materials for us in light weigh structural,
low cost structural and high temperature applications.
Approach: Purchase capital equipment to establish low-rate productions capacity.
Use commercial sales to scale up production capacity as needed.
Collaborators: SHEPRA, University of Dayton, Open Additive, SLM Solutions,
MRL LLC, EWI, Ohio State,

Deliverablele:
1. Capital equipment to fabricate carbon nanotube metal matrix powders in lowrate production
2. Capital equipment to do AM process parameter development and support
applications development
3. Contract support to perform material testing and analysis (University Partners)
Program Element: Manufacturing Technology Program - 060368F

Materials Development Research

FY ‘21
Budget

FY’22
(Proposed)

4.872

---

Corresponding subcommittee language: Digital engineering design and
manufacturing expansion, carbon fiber and graphite foam for combat and tactical
vehicles (Tactical Air and Land Forces Subcommittee)

Item
Fabricate Carbon Nanotube Powder
AM process parameter development / Applications
Development

NonReoccurring

Reoccurring

$755K
$1,275K

Contract Support: Test & Analysis

$165K

Personnel & Overhead

$835K

AFRL Pass Through (20%)

Total

$406K

$200K

$2,436K

$1,200
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IN SITU PROCESS CONTROL OF THE ADDITIVE MANUFACTURING PROCESS:
Objective: Development of in situ process control to ensure continuous quality
Additive Manufacturing
Approach: Conduct an initial experiment to determine the interaction of AM
processing parameter, melt pool sensors diagnostics, microstructure determined via
CT Scan and mechanical properties of a given material
Collaborators: SHEPRA, University of Dayton, Open Additive, Air Force
Institute of Technology, Ohio State, EWI
Deliverable:
1.
2.
3.
4.

Capital equipment to do AM process parameter development and support applications development
Development and fabrication of a multispectral sensor system to monitor the melt pool and resulting
geometry
Development and verification and validation of a software system that can correlate melt pool data to
resulting microstructure and thus mechanical properties.
Development and verification and validation of a software systems that can provide closed loop
control to the AM build system to correct manufacturing defects and provide persistent quality
assurance. .

Item

NonReoccurring

Reoccurring

Process parameter development

$200K

--

Develop Multispectral sensor system

$200K

--

Mechanical Testing and Analysis

$200K

--

Personnel & Overhead

$200K

--

AFRL Pass Through (20%)

$160K

--

Total

$940K

--

Program Element: Manufacturing Technology Program - 060368F

Closed Loop Control for AM processes

FY ‘21
Budget

FY’22
(Proposed)

---

---

Corresponding subcommittee language: Digital engineering design and
manufacturing expansion (Tactical Air and Land Forces Subcommittee)
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WORKFORCE DEVELOPMENT

Objective: Train the management, engineers and technicians on Additive
Manufacturing
Approach: Develop a curriculum that can address the needs of the DoD as well as
commercial industry to promote the design, analysis and production of products
utilizing Additive Manufacturing
Collaborators: SHEPRA, University of Dayton, SLM Solutions, Parametric
Technologies
Deliverable:
1.
Scoping, defining, and developing the curriculum required for the workforce
2.
Access to classrooms / video conferencing to conduct training
3.
Access to capital (CAD Software, Computers, AM System and Post Processing
equipment)
4.
Financial support and program management to facilitate university collaboration.

Item
Scope, define and develop curriculum
Classroom Access

Work Force Development

FY ‘21
Budget

FY’22
(Proposed)

---

---

Corresponding subcommittee language: Digital engineering design and
manufacturing expansion (Tactical Air and Land Forces Subcommittee)

Reoccurring

$100K
---

$50K

$400K

$50K

Program Management

---

$200K

Personnel & Overhead

---

$360K

AFRL Pass Through (20%)

$100K

$120K

TOTAL

$600K

$720K
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Teaching Hardware / Software
Program Element: Manufacturing Technology Program - 060368F

NonReoccurring

ADDITIVE MANUFACTURING FOR HYPERSONIC APPLICATIONS

Objective: Development of a Hypersonic Thermal Protection System
Approach: Integrate technologies developed by SHEPRA and the University of
Dayton (UD) to Additively Manufacturing carbon nanotube Haynes 230 structures
and infuse fabricated structures with Silicon Carbide system developed by UD.
Multiyear effort.
Collaborators: SHEPRA, University of Dayton, Air Force Institute of
Technology, Lockheed Martin
Deliverable:
1. Capital equipment to fabricate carbon nanotube metal matrix powders in lowrate production
2. Capital equipment to do AM process parameter development and support
applications development
3. Contract support to perform material testing and analysis (University Partners)
Program Element: Manufacturing Technology Program - 060368F

Thermal Protection for Hypersonic Vehicles

FY ‘21
Budget

FY’22
(Proposed)

$9.744M

---

Item

NonReoccurring

Reoccurring

Determine design and materials requirements

$100K

---

Develop Technical Data Packages

$238K

---

Product Demo Components

$5,165K

$250K

Certify Processes and Designs

$1,000K

----

---

$630K

$1,280K

$176K

$7.783M

$1.056M
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Personnel & Overhead
AFRL Pass Through (20%)

Corresponding subcommittee language: Hypersonics

Total

ADDITIVE MANUFACTURING OF SABOTS FOR LONG ROD PENETRATORS
Objective: Development of an aluminum carbon nanotube metal matrix composite
for use in metal Additive Manufacturing of sabots for use with medium caliber
ammunition
Approach: Leverage aluminum material development work conducted under Army
SBIR A17-033 and Air Force SBIR 182-005 and STTR 20D-TSC01. Work to be
performed under a two year, SBIR phase III programm
Collaborators: SHEPRA, University of Dayton, General Dynamics- Ordinance
and Tactical Systems
Deliverablele:
1. Material system for use on sabots for the 30 mm Armor Piercing Fin Stabilized
Discarding Sabot- Tracer (APFSDS-T) Pictured
2. Technical Data Package to support Additive Manufacturing

Item
Fabricate Carbon Nanotube Powder
AM process parameter development / Applications
Development

Program Element:

Materials Development Research

Phase II
Budget

FY’22
(Proposed)

$1M

---

NonReoccurring

Reoccurring

$250K
$1,250K

Test & Analysis

$250K

Personnel & Overhead

$250K

Corresponding subcommittee language:

Total

$2000K

---39

CERTIFICATION AND QUALIFICATION OF AM PRODUCED COMPONENTS:

Objective: Certification and Qualification of Additively Manufactured materials
Approach: Utilize Materials for Additive Manufacturing and in situ process control
of the Additive Manufacturing process efforts to achieve Condition Base
Acceptance from the Program Executive Offices.
Collaborators: TBD

Deliverable:
1.
Materials for Additive Manufacturing
2.
In situ process control of the Additive Manufacturing process
3. Verification and validation testing of in situ process control system utilizing AM
materials of interest (e.g. having wrought mechanical properties or better).
Program Element: Manufacturing Technology Program - 060368F

Certification of AM Materials

FY ‘21
Budget

FY’22
(Proposed)

---

---

Corresponding subcommittee language: Digital engineering design and
manufacturing expansion (Tactical Air and Land Forces Subcommittee)

Item

NonReoccurring

Reoccurring

In situ process control of the Additive Manufacturing
process

TBD

TBD

Process V&V

TBD

TBD

Personnel & Overhead

TBD

TBD

Materials for Additive Manufacturing

Total
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ADDITIVE MANUFACTURING: ECOSYSTEM INITIAL JOB CREATION
Development & Production of New
Materials

Create Technical Data Package / Fabricate &
Qualify Components
2

10

2

5

2
5

1

2
Training

AM System Manufacturing

10
5
10

18 Full Time
4 Interns

1
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QUESTIONS?

Questions?

SHEPRA, Inc

.

Service-Disabled Veteran-Owned Small Business

252 W. Marion Ave.
Pun252ta, Gorda, FL 33950
WWW.Shepra.com
937-306-6306
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SHEPRA, Inc.
Service-Disabled Veteran-Owned Small Business

252 W. Marion Ave.
Punta Gorda, FL 33950
WWW.Shepra.com
937-306-6306
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BACK-UP SLIDES

BACK-UP

SHEPRA, Inc

.

Service-Disabled Veteran-Owned Small Business

252 W. Marion Ave.
Punta Gorda, FL 33950
WWW.Shepra.com
937-306-6306
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TITLE III ADDITIVE MANUFACTURING ECOSYSTEM

Phase I:
• Develop New Carbon Nanotube Metal Matrix Materials.
• Produce Developed Carbon Nanotube Metal Matrix Composite Powders.
• Develop Technical Data Package (TDPs) for DoD / Commercial parts
converted to AM geometry.

Phase II:
• Certify AM parts for DLA / DOD use. (Using approved service policy)
• AM produce certified parts for DLA / DoD and Commercial Use.
• Training - AM system technicians / AM design & analysis engineers.

ADDITIVE MANUFACTURING: DRAFT PROPOSAL I

ADDITIVE MANUFACTURING: DRAFT PROPOSAL II

DEPARTMENT OF THE AIR FORCE
AIR FORCE LIFE CYCLE MANAGEMENT CENTER
WRIGHT-PATTERSON AIR FORCE BASE OHIO

MEMORANDUM FOR AFVENTURES TEAM
References:

(a) 15 U.S.C. §638
(b) U.S. Small Business Administration SBIR/STTR Policy Directive
(May 2019)
(c) 5 C.F.R. §2635.702(c), Exception (1)

DATE: 20 May 2021
FROM: AFLCMC Product Support Engineering Division (AFLCMC-EZP)
SUBJECT: AFVENTURES X20.D STTR Phase II Solicitation – DAF Organization
Defense Need and Participation Interest in the Air Force Small Business Technology
Transfer (STTR) Program Project under Topic AF20D-TCSO1 with SHEPRA Inc.
1. Purpose: This Memorandum is executed in furtherance of references (a) and (b) and the
applicable Air Force STTR solicitation, which constitute authority to promote products,
services, and enterprises within the meaning of reference (c). The purpose of this
Memorandum is to document interest from an Air Force Organization in working with
AFVentures and a STTR company on a project considered for Air Force STTR Phase II
award.
Defense Mission Need: The Product Support Engineering Division has a national defenserelated mission need in the area of Additive Manufacturing to develop technical solutions to
meet Mission Readiness priorities. Specifically, the use of Additive Manufacturing to
rapidly field Mission Readiness critical solutions. We believe technology development
under the subject STTR topic may eventually contribute to solving a routinely occurring
mission need. The main goals of our involvement in this project are improving Mission
Readiness and reducing operational costs. The mission impact of this project on the Air
Force and the Department of Defense will be to reduce the time to repair, through
maintaining and sustaining critically needed components and systems.
2. Project Timeline: If the STTR Phase II proposal is selected and awarded, we expect this
project to be executed from October 1, 2021 to December 31, 2022.
3. Phase II Funding Commitment from AFLCMC Product Support Engineering
(AFLCMC-EZP): No funding is committed at this time. Future considerations will be
made based on the availability of FY 2022 resources and established priorities.
4. Phase III Interest: Further, if the Phase II project is successful and the mission need
remain unmet, Product support Engineering Division (AFLCMC/ EEZP) will consider

transitioning the resulting innovations to Phase III contracts, subcontracts, or other
instruments made through the AFLCMC contracting office with support by the AFLCMC
Small Business Office. The transition effort will give due regard to the Phase III transition
preference for STTR-funded technologies set forth in references (a) and (b). Phase IIIs are
subject to applicable acquisition planning, funding availability, security assessments, small
business, and legal and other reviews.
Milestones: We confirm the proposed milestones in Attachment 1: Schedule of
Milestones will provide value to us as end-users or customers of the proposed solution.
5. Stakeholders: We understand the successful transition of innovative solutions requires
multiple engaged and empowered stakeholders. We have assigned responsibilities to,
and received concurrence from, the following stakeholders relative to this Phase II
project:
Primary End-User Organization: Product Support Engineering Division (AFLCMC/EZP)
Primary Customer Organization: Product Support Engineering Division (AFLCMC/
EZP)
Phase II Technical Points of Contact (TPOCs)***
Primary TPOC: Michael H Froning, NH-04, Technical Director, AFLCMC/EZP,
michael.froning@us.af.mil
Alternate TPOC: Timothy L Howell, NH-03, Mechanical Engineer, AFLCMC/EZPT,
timothy.howell.11@us.af.mil
Strategic Stakeholders
What MAJCOM or HQ Function does this proposal most directly impact: Air Combat
Command, Air Force Global Strike Command
What PEO or Center does this proposal most directly impact: PEO Armament
6. Phase III Transition Strategy: Additive Manufacturing is a pervasive technology that has
many applications of benefit to the Air Force including manufacturing of new system and the
repair, maintenance and sustainment of fielded systems. This phase II program will identify
candidate components, systems and programs of record that may benefit from the use of
carbon nanotube metal matrix composites. At the end of the phase II effort a determination
will be made as whether the mechanical and physical properties of the carbon nanotube metal
matrix composites meet the requirements of a particular need or application and how to best
proceed with development, certification and qualification.
7. Installation Access: The STTR Company will not require access to military installations to
perform the proposed work under Phase II.
8. Cyber Security: The proposed solution is not considered an Information Technology.

9. Flight Testing or Utilization of Unmanned Aerial Systems (UAS): The STTR Company
will not require flight testing or utilization of UAS to accomplish the proposed work under
Phase II.
10.
Conclusion and Signatures. We are very committed to this project’s success, and hope
that the above information is helpful in making a selection. Please feel free to reach out with
questions.

Michael H. Froning, NH-04
Technical Expert
Sustainment Technology Transition Branch
Product Support Engineering Division
Air Force Life Cycle management Center

AF X20.D STTR CSO PHASE II ATTACHMENT 1
CUSTOMER MEMORANDUM TEMPLATE
DEPARTMENT OF THE AIR FORCE
AFRL Materials and Manufacturing Directorate (AFRL / RXM)

20 May 2021

MEMORANDUM FOR AFVENTURES TEAM
References:

(a) 15 U.S.C. §638
(b) U.S. Small Business Administration SBIR/STTR Policy Directive
(May 2019)
(c) 5 C.F.R. §2635.702(c), Exception (1)

FROM: AFRL Materials and Manufacturing Directorate (AFRL / RXM), Manufacturing
Technologies Division
SUBJECT: AFVENTURES X20.D STTR Phase II Solicitation – DAF Organization
Defense Need and Participation Interest in the Air Force Small Business Technology
Transfer (STTR) Program Project under Topic AF20D-TCSO1 with SHEPRA Inc.
1. Purpose: This Memorandum is executed in furtherance of references (a) and (b) and the
applicable Air Force STTR solicitation, which constitute authority to promote products,
services, and enterprises within the meaning of reference (c). The purpose of this
Memorandum is to document interest from an Air Force Organization in working with
AFVentures and a STTR company on a project considered for Air Force STTR Phase II
award.
2. Defense Mission Need: The AFRL Materials and Manufacturing Directorate (AFRL /
RXM)
has a national defense-related mission need in the area of Additive Manufacturing to
support the development of new manufacturing processes and associated materials.
Specifically, the use of Additive Manufacturing to manufacture components to support all
Air Force mission requirements. We believe technology development under the subject
STTR topic may eventually contribute to solving a broad array of mission needs. The main
goal of our involvement in this project is development of new materials that can expand the
use of Additive Manufacturing. The mission impact of this project on the Air Force and
the Department of Defense will be the maintenance and development of numerous Air Force
Systems.
3. Project Timeline: If the STTR Phase II proposal is selected and awarded, we expect this
project to be executed from October 1, 2021 to December 31, 2022.
4. Phase II Funding Commitment from AFRL Materials and Manufacturing Directorate
(AFRL/RXM): No funding is committed at this time. Future considerations will be made
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based on the availability of FY 2022 resources and established priorities.
5. Phase III Interest: Further, if the Phase II project is successful and the mission need remains
unmet, the AFRL Materials and Manufacturing Directorate (AFRL/RXM) will consider
transitioning the resulting innovations to Phase III contracts, subcontracts, or other instruments
made through the AFRL Materials and Manufacturing Directorate (AFRL/ RXM) contracting
office with support by AFRL Small Business Office. The transition effort will give due regard
to the Phase III transition preference for STTR-funded technologies set forth in references (a)
and (b). Phase IIIs are subject to applicable acquisition planning, funding availability, security
assessments, small business, and legal and other reviews.
6. Milestones: We confirm the proposed milestones in Attachment 1: Schedule of Milestones
will provide value to us as end-users or customers of the proposed solution.
7. Stakeholders: We understand the successful transition of innovative solutions requires
multiple engaged and empowered stakeholders. We have assigned responsibilities to, and
received concurrence from, the following stakeholders relative to this Phase II project:
Primary End-User Organization: AFRL Materials and Manufacturing Directorate
(AFRL/RXM)
Primary Customer Organization: PEO Armament
Phase II Technical Points of Contact (TPOCs)
Primary TPOC: Dr. Mark D. Benedict, Principal Materials Engineer, AFRL AM Lead, mark.benedict.2@us.af.mil
Alternate TPOC: Adam Hicks, Materials Engineer, RXM Roadmap Lead, adam.hicks.7@us.af.mil
Strategic Stakeholders
What MAJCOM or HQ Function does this proposal most directly impact: Air
Combat Command, Air Force Global Strike Command
What PEO or Center does this proposal most directly impact: PEO Armament
8. Phase III Transition Strategy: Additive Manufacturing is a pervasive technology that has
many applications of benefit to the Air Force including manufacturing of hypersonic weapons
system. This phase II program will identify candidate components, systems and programs of
record that may benefit from the use of carbon nanotube metal matrix composites. At the end
of the phase II effort a determination will be made as whether the mechanical and physical
properties of the carbon nanotube metal matrix composites and how to best proceed with
development, certification, and qualification.
9. Installation Access: The STTR Company will not require access to military installations to
perform the proposed work under Phase II.
10.

Cyber Security: The proposed solution is not considered an Information Technology.

11.

Flight Testing or Utilization of Unmanned Aerial Systems (UAS): The STTR
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Company will not require flight testing or utilization of UAS to accomplish the proposed work
under Phase II.
12.
Conclusion and Signatures. We are very committed to this project’s success, and hope
that the above information is helpful in making a selection. Please feel free to reach out with
questions.

Mark D. Benedict, Phd
AFRL AM Lead
Mark.Benedict.2@us.af.mil
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DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)
EGLIN AIR FORCE BASE, FLORIDA

27 May 2021
MEMORANDUM FOR AFWERX
FROM: AFRL/RWPI
Air Force Research Laboratory, Munitions Directorate
101 West Eglin Boulevard
Eglin AFB FL 32542
SUBJECT: Letter of Support – AFVENTURES X20.D STTR Phase II Solicitation for Topic
AF20D-TCSO1 with SHEPRA Inc.
1. As the program manager for the AFRL’s High Speed Strike Weapon Technology Maturation
(HSSW TM) program, I want to express my interest and support for the X20.D phase II
STTR efforts to develop carbon nanotube metal matrix composites. There is a definitive
need for technologies that enable the design and manufacturing of advanced strike weapons
with increases in range and performance capabilities. In addition, I expect additive
manufacturing of carbon nanotube metal matrix to find applications elsewhere in the defense
mission.
2. After consulting with AFRL/RXM lead for additive manufacturing (Dr. Mark Benedict), I
believe the best course of action is for Dr. Benedict to act as the focal point for this effort. I
will continue to monitor progress with Dr. Benedict and other members of the HSSW TM
manufacturing technical area.

RICHARD J. MCMULLAN, DR-04, USAF
Program Manager, HSSW Tech Maturation

