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Additive Manufacturing Business Model Wargame II

Executive Summary
Additive manufacturing (AM) is a revolutionary technology that is changing the manufacturing business model and the maintenance and sustainment communities it supports. In
May 2016, America Makes and the Department of Defense (DoD) conducted the first AM
Business Model Wargame, a simulation that focused on the business transactions involved when DoD requires that repair parts be additively manufactured at a DoD depot
or third-party location to support immediate readiness goals. In response to the 2016
wargame, the AM Business Model Planning Group, consisting of members from the Additive Manufacturing for Maintenance Operations Working Group and America Makes,
was formed to build upon the business model aspects of AM for sustainment. The resulting event, AM Business Model Wargame II, took place in May 2017 at the Lockheed
Martin Global Vision Center in Arlington, Virginia.
The scenario for the second wargame was expanded to include life-cycle platform considerations relevant to the business environment required to support the continued adoption of AM capabilities. The revised scope included business practices regarding
intellectual property (IP), data rights, and contracting issues specific to AM; risks to the
industrial base; legal concerns and liability shifts from industry to government; government needs; and brand and reputational concerns.
Four teams, representing four business models, dealt with the same scenario involving a
need to manufacture repair parts via AM capabilities at the point of use:
1. Team Buy-Out—traditional government acquisition
2. Team Loaner—government leases the end items
3. Team CLS—contractor provides commercial logistics support (CLS)
4. Team Net-Flix—government and original equipment manufacturer set up a “pay
as you go” IP arrangement to allow AM part production in the field.
The results of the simulation revealed common issues among all teams and unique opportunities and business model considerations particular to each team. The issues included the need to negotiate a value for access to IP, warranty impacts, liability shifts,
brand risk concerns, and an increased reliance on data and the security of that data,
also identified in Wargame I.
To incorporate the unique capabilities that AM possesses, the teams recommended creating technology refresh opportunities, developing revenue cost models, and reviewing
and updating the contractual language in the Defense Federal Acquisition Regulation
Supplement. Despite these challenges, there was general consensus that with the
proper cost-benefit business models in place, AM has significant potential to increase
flexibility within the supply chain and improve sustainment support to the warfighter.
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Additive Manufacturing Business Model Wargame II
Introduction
Additive manufacturing emerged as a disruptive technology with the potential to reshape industry as we enter a fourth industrial revolution.
Spring 2017 Industry Report
Eisenhower School for National Security and Resource Strategy
National Defense University
Fort McNair

Additive manufacturing (AM) is a rapidly advancing capability; new uses are being discovered at a frenetic pace, and new materials and processes continuously emerge. It is
important that the Department of Defense (DoD) advances along with AM so that once
its technical issues are resolved, DoD is prepared for the paradigm shift enabled by distributed manufacturing. The maintenance and sustainment communities have a vested
interest in this technology and want to be on the forefront of planning for the needs of all
involved.
As part of this planning, DoD has completed two AM business model simulations, known
as wargames, to address the aspects of employing AM technology and techniques to
sustain DoD equipment in multiple scenarios. This report reviews the findings of the first
wargame and provides a detailed report of the second wargame.

Current State of AM
The potential uses for AM are staggering. Significant short-term and long-term benefits
to both private industry and DoD could result in millions of dollars saved in maintenance
and sustainment costs, as well as improved warfighter readiness and flexibility. But there
are several issues to carefully consider as the technology advances, such as security,
workforce training, intellectual property (IP), pricing models, technology certification processes, and supply chain management.
DoD has recognized the incredible potential and opportunities associated with AM and
has made significant investments in this capability. Current uses include producing tools,
mounts, molds, and jigs to support conventional manufacturing and maintenance; making prototypes for rapid innovation and reverse engineering; repairing conventionally
manufactured parts; and manufacturing parts typically produced using conventional
methods. In the near future, DoD expects to produce new parts and systems designed
for and manufactured using AM.
AM is a business ecosystem composed of a network of organizations—including
developers, suppliers, distributors, customers, competitors, government agencies, and
academia—involved in delivering a specific product or service through competition and
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cooperation. Each organization in the ecosystem affects the others; this continuously
evolving relationship means each business must be flexible to survive.1
For this ecosystem to function effectively, it needs a shared vision. In 2016, America
Makes and the military services developed the DoD AM Roadmap2 to do the following:

• Identify common areas of interest
• Create a framework to guide coordination and collaboration
• Track progress toward goals
• Inform industry of DoD needs.
The DoD AM Roadmap identified four focus areas that exist within the ecosystem:

• Design
• Materials
• Process
• Value chain.
The roadmap recognizes the enormous opportunity that AM offers and concluded that
the advantages of DoD-wide AM utilization are vastly greater than the risks from unknowns and challenges.

Why Use Wargames?
A wargame exercise is a useful tool in dissecting, discussing, and diffusing real-world
situations, eliminating scenarios that will not work, and establishing cases that might
translate into best practice policies, with forethought and alignment with all stakeholders.
The AM Business Model Wargames were simulations of a sequence of events using AM
technologies within the DoD environment. The stakeholders were a combination of individuals from government, industry, and academia who worked together to collaborate
and initiate the development of best practices in advance of the AM innovation shift.
These practices and resulting policies need to be synergistic, comprehensive, and
adaptable.

AM Business Model Wargame I
In May 2016, the DoD Additive Manufacturing for Maintenance Operations Working
Group (AMMO WG), in collaboration with the America Makes AM for Maintenance and
Sustainment Advisory Group, co-sponsored AM Business Model Wargame I in Suffolk,
Virginia. The purpose was to bring together participants from DoD and industry and illuminate the required business transactions when DoD needs repair parts to be additively
manufactured at a DoD depot or third-party location in support of an immediate readiness goal. The wargame also assessed gaps and challenges discovered during the simulation to begin developing the necessary environment to support the continued
adoption of AM capabilities.

1
2

Investopedia, s.v. “business ecosystem,” http://www.investopedia.com/terms/b/business-ecosystem.asp.
America Makes, Technology Roadmap Overview, https://www.americamakes.us/our_work/technology-roadmap/.
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Concept and Objectives
While using a realistic scenario, the Wargame I exercise employed separate U.S. government and industry teams to develop a solicitation involving the use of AM in a remote
location. The teams were required to identify what business model issues needed to be
addressed and the associated implications. Specific objectives included exploring contract terms and conditions, exploring business model gaps and challenges related to AM
adoption, and understanding what an AM ecosystem looks like.

AM Business Model Wargame I Findings
The first wargame identified the following common areas affecting both industry and government with the emergence of AM:

• Lack of a tailored business model
• IP, legal, and security aspects
• Terms and conditions; contracting vehicles
• Warranty and liability
• Quality control and assurance; technical requirements; qualification and
certification

• Need for collaboration and partnerships
• Pricing and value—“rent versus buy;” variable pricing per demand
• Technical data package (TDP)
• Processes and training.

Identified Focus Areas
Upon completion of the simulation, participants recognized that the status quo of the existing government–industry ecosystem and business models would need to change to
successfully implement AM on a broader scale. The following focus areas were identified
for further study:

• AM ecosystem—business model ideas that include acquiring IP and technical data
rights and investigating public-private partnership (PPP)

• Liability and quality—liability shift and brand reputation
• Security—IP and TDP protection and business risk
• Cost and profitability—revenue stability, pricing models, and profitability are threatened by uncertainty stemming from a non-traditional manufacturing process.

AM Business Model Wargame I Final Report
Refer to Appendix A for the AM Business Model Wargame I Final Report.
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AM Business Model Planning Group Findings
Upon completion of AM Business Model Wargame I, the AM Business Model Planning
Group identified the following issues requiring resolution before AM can be successfully
implemented:

• IP and legal—IP ownership, transfer, and risks
- Qualification and certification
- Parts safety; government and industry specifications
- Development of a “digital thread” TDP to create consistency and standards for
AM applicable parts

• Traditional pricing models—threatened with uncertainty
• Warranty and liability—what the contractor would warrant and where their liability
begins and ends

• Federal Acquisition Regulation (FAR)—not adapted for AM
• Cybersecurity—protection of digital data between industry and government.

AM Business Model Planning Group Recommendations
The planning group recommended these actions in response to the findings:

• IP and legal—establish working groups with legal and technical experts to determine what IP could be controlled and what is acceptable.

• Qualification and certification—work with technical parts experts to establish quality
specifications and allowed variances, ways to measure specifications, and the
equipment and training necessary to perform these quality validations.

• Qualification and certification—conduct a second business model wargame to review forward deployment versus regional depots, field service representatives’
(FSRs) use, and pricing models.

• Traditional pricing models—establish pricing for various contracting scenarios
through partnering with industry and government, including subsidized possibilities.

• Warranty and liability—conduct an AM wargame that responds to situations involving parts failure to mitigate negative affects toward industry when government is
responsible and vice versa.

• FAR—review and revise FAR and DoD policy with AM-specific language.
• Cybersecurity—secure TDP sharing and machines; prepare for securing the developing digital infrastructure.

AM Business Model Wargame II Concept Development
Why Conduct AM Wargame II?
The AM Business Model Planning Group’s intent in conducting another AM business
model wargame was to follow up on the findings from the 2016 AM wargame and
develop business models that examine the value chain within the AM ecosystem. The
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planning group invited representative stakeholders for an in-depth look at the business
needs to perform the following within the value chain:

• Value proposition
• Competitive assessment
• Revenue model.
The AMMO WG wanted to ensure the scope included the exploration of contracting aspects as they relate to AM, including IP, TDPs, cost, security, warranties, and liabilities
that fit within the current and anticipated needs to support the warfighter. The AM
Wargame Planning Team actively sought government and industry members with
experience in contracting, legal, procurement, and business. The planning group developed the scenario with this scope in mind. Considering DoD’s future needs and the
opportunity that AM offers, it is critical that the business aspect be in lockstep with the
technology.

Scenario
The AM Business Model Wargame II scenario is the prequel to the Wargame I scenario
conducted in 2016; Appendix B presents this prequel scenario, which begins with DoD
issuing a request for proposal (RFP) to develop and acquire a reconnaissance lightweight (RLW) unmanned aerial vehicle (UAV) capable of being deployed in austere environments. DoD required the awardee to produce a prototype within 6 months and the
first production unit within 1 year after contract award. Most performance capabilities required by DoD can be performed by commercially available systems. However, the government will provide mission systems, such as communications and surveillance and
reconnaissance, and cannot share the base technology with the drone manufacturer,
which must work with the industry team to integrate those systems into the drone.
DoD selected ACME, Inc., an original equipment manufacturer (OEM), as the UAV
manufacturer and awarded a contract to deliver 1,000 RLW UAVs. The contract specifies that the first prototype be delivered within 6 months after award and used as technical demonstration evaluation, qualification, and certification for production acceptance.
The contract also stipulated that initial sustainment would be performed by ACME for the
3 years in which it delivers RLW UAVs to DoD, at its commercial facility for
depot-level maintenance and at selected field locations around the world, including
aboard ships.
After ACME has delivered all 1,000 of its RLW UAVs, DoD will provide organic sustainment, including additively manufactured items originally produced by ACME under contract; this is a significant portion of the RLW UAV parts. In fact, all parts identified as
potential sustainment items required for 6-month deployments of the RLW UAVs must
be AM parts by contract. This would give DoD the ability to self-sustain operations in locations where reach-back logistics chains may not be available. Figure 1 depicts the current state of the scenario.
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Figure 1. Current State of the Scenario

Four Business Models
The 2017 AM Business Model Wargame II sought to address the business model aspects of AM for sustainment and production, consistent with PPP principles in parallel
with AM technical community efforts. Table 1 depicts the four business models. The scenario addressed deployed AM business models to encompass the life cycle of the UAVs,
including design, configuration management, production through AM methods, procurement, and fielding. The intent was to align the scenario with the four areas in the DoD
roadmap.
Table 1. AM Wargame II Business Models
No.
1

2

Name
Buy-Out

Loaner

Model

Description

Traditional
government
acquisition

• #1A—government purchases unlimited data rights from

Lease 1,000
RLW UAVs

• Government completes all integration of reconnaissance

ACME.

• #2A—government purchases purpose data rights.
capabilities.

• ACME provides government-purpose data rights to commercial IP.

• Government organically sustains RLW UAVs through life.
3

CLS

Government
purchases 1,000
RLW UAVs

• Government and ACME work together to integrate reconnaissance capabilities.

• ACME provides commercial logistics support (CLS) for
UAVs through life.

4

Net-Flix

Government
purchases 1,000
RLW UAVs

• Government and ACME set up Net-Flix type of “pay as you
go” IP arrangement.
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Four Moves
To follow the likely flow of a business plan, the 2017 AM Business Model Wargame II
simulated a sequence of four events, also known as moves. The moves produced a specific deliverable, as shown in Table 2. Each team received templates of the deliverables
required for each move; Appendix C contains the templates provided to the teams.
Table 2. AM Wargame II Moves and Deliverables
Move no.

Objective

Deliverable

Move 1

Deconstruct scenario

Compliance matrix

Move 2

Strategy

Technical approach, schedule, performance work statement, TDP,
acquisition strategy, and life-cycle sustainment plan (LCSP)

Move 3

Revenue model

Business model guide or “canvas”

Move 4

Assess to value proposition

Contract administration

• The first move deconstructed the scenario, producing a compliance matrix as the
deliverable. The matrix is composed of the government and industry requirement,
how industry achieved compliance, how well the government determined that the
compliance is achieved, and any comments.

• The second move focused on the development of a team strategy with six extensive deliverables: the technical approach, performance timeline, performance work
statement, TDP and its discussion points, acquisition strategy, and LCSP.

• The third move developed a revenue model with a business model guide, or “canvas,” as the deliverable from the OEM’s perspective. The business model comprises key components such as partners, activities, resources, cost structure,
revenue streams, and value propositions.

• The fourth and final move assessed the value proposition, with a deliverable of a
contract framework. The deliverable is a combination of the technical approach,
terms and conditions, assertions, warranty, and liability.

AM Business Model Wargame II Teams
Team Descriptions and Integrated Compositions
The 2017 AM Business Model Wargame II had 97 participants divided into four teams of
20–30 people. Some of the “players” were veterans from the Wargame I exercise; others
were new to the experience. The four teams were composed of representatives from
government, the military services, academia, and industry, with disciplines in contracts
administration, engineering, enterprise IT, legal, logistics, and program management.
Each team had a government co-lead, an industry co-lead, a facilitator, and a coordinator. Figure 2 shows the demographics of the Wargame II players.
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Figure 2. AM Wargame II Demographics

Team Observations
As part of the exercise, the teams documented their observations after each move.
These were later compiled into a final out-brief presentation. The following are individual
team observations.

Move 1: Deconstruct Scenario
Move 1 resulted in the completed compliance matrix, which required the teams to deconstruct the scenario containing information from the RFP, awardee, performance period,
and scope of work. The compliance matrix consisted of a list of requirements generated
by the teams, how they achieved compliance on each of those requirements, how well
the government thought they achieved it, and any comments from the government or industry team members.
Team Buy-Out knew that it would not come to an agreement on the government acquiring unlimited or government-purpose data rights due to the complexity of determining the
fair market value. This determination led to negotiated data rights for the five additivemanufactured parts, with the rights based on the contents of the TDP. The team decided
that the TDP would include design, the build file, material and process specifications, a
testing plan, machine parameters, parts requirements, and a sustainment plan. The
rights of the AM parts would be negotiated based on the printing capabilities. To ensure
organic sustainment, the team required a training plan in place, with a transition in the
field via a CLS contract. The OEM would provide initial training to the government at a
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cost, with cross-training of government personnel to expedite certification and qualification of operators and sustainment. The OEM would also oversee all training, operation of
machines, and parts building, as well as provide training manuals.
Team Buy-Out agreed that industry would provide annual software and hardware updates and requalify the printers for manufacturer-driven changes, but the government
would pay for FSRs’ and any above and beyond printer capability modifications. Team
Buy-Out could not agree on the repair or replace method; industry would like to complete
repairs for the UAV due to the OEM repair capabilities and commercial off-the-shelf
(COTS) items. However, the government would like to complete all field repairs to ensure efficiency, which includes printing new AM parts in the field.
Team Loaner created a list of five requirements and agreed on most. The government
must be able to print in the field using printers that are equivalent in material, process,
and resolution to those used by the OEM. The OEM would agree to this requirement
only by licensing the TDP to the government. Team Loaner decided that the government
should provide a level of usage and employment data, or feedback, on a regular basis to
the OEM; this includes part replacements related to performance. The team did not
agree that the government would protect the IP for the life of the lease and that the government would be liable if the IP were compromised. The OEM proposed that the government delete all information related to the TDP upon expiration of the lease; the teams
acknowledged that the license terms would need to be negotiated for this requirement to
be compliant. Team Loaner could not agree on the requirement for the government to
print in the field with a non-OEM approved printer; the OEM would not be willing to negotiate this time.
Team CLS focused its compliance achievement on the contract language. The members
agreed upon a 30-year sustainment strategy, with a 5-year technology refresh option
and five successive 5-year government options. As most teams experienced, Team CLS
would need the IP for sustainment, but again, the team was unable to come up with the
fair market value. Team CLS wanted the OEM and the government to share historical
use and performance data where appropriate to inform sustainment planning and other
life-cycle management activities. The team negotiated that the design is reconfigurable
to meet design compliance given DoD’s architecture standards. Team CLS did not agree
on a warranty due to its complexity, especially if the government were to print a part
without the involvement of an FSR. The team was also unsuccessful on achieving the
requirement that all sustainable parts were to be designed and qualified for the AM process; if possible, that would be achieved through the contract language and TDP.
Team Net-Flix composed an extensive list of requirements for the compliance matrix. Its
main concern revolved around cybersecurity and secured access for the digital delivery
of the IP; the OEM would control this by providing access to the government through
user access control, encryption, or secured computers. The team agreed that the government and industry would share logistics and reliability information throughout the
product’s life cycle, with the goal of continuous product improvement. Another requirement was a subscription package to the UAV’s TDPs and its availability to be accessed
along with a licensing arrangement to be negotiated based on government usage reported monthly. Team Net-Flix also requested that an FSR be accessible and engineering technical support service be available 24/7, including remote and diagnostics ability.
The team did not agree on manufacturing as a service, such as a suite of material and
equipment (full-service turnkey solution for organic manufacture). However, the OEM
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would provide the TDP for the process and match the government equipment with the
completed build file. Industry added that it would need to ensure the integrity of software.
The team was also unable to agree on the government’s proposal to improve readiness
by the reduction of post-processing and manufacturing time and requirements. Industry
countered with the unknown of material availability, operational availability, and material
readiness. It should be noted that in an actual arrangement, many of these unknowns
would be known, facilitating a mutually beneficial agreement.

Move 2: Strategy
The teams produced the most deliverables at this strategy-focused move. These deliverables consisted of a technical approach, schedule, and performance work statement,
with the assumption that there were no technology-related constraints, and defined how
they implemented their model. The TDP discussion deliverable focused on storage,
transmission and security, updates and configuration management, guidelines, availability, and conditions.
Team Buy-Out followed the scenario’s timeline of 1,000 UAVs delivered by the end of
year three but added a transition plan milestone at UAV 500 to enable the OEM to integrate the government capabilities and facilitate necessary training. The team’s technical
approach focused on its main concerns from the compliance matrix, such as initial and
relevant training, completion of all surge repairs for the five AM parts, and completion of
all COTS repairs at the OEM facilities. During its TDP discussion, the team established
that digital files would be stored in a native format whereas data files would be provided
in AM-capable rich formats. However, while in CLS, the contractor would host data in its
managed database. The TDP updates would be delivered downstream, and data files
could be transferred via CD-ROMs or a secured network. Under the specially negotiated
data rights, the OEM would restrict data permissions; however, the TDP would be available to the government for the negotiated AM parts.
Team Loaner decided to extend the scenario’s timeline to 5 years, with a procurement
decision made by the end of the first year. Its performance work statement included a
variety of items, such as a co-developed qualification with the OEM, government, and
manufacture; and the OEM would deliver 50 units per month after the first year of production. This team tailored its TDP to the U.S. Marine Corp’s field regulations and
agreed that the TDP would be stored and transmitted through a data rights management
system, with DoD-grade encryption during transportation and in storage. The license
agreement states that the TDP would be for government use only and specific to particular printers and materials with training standards for all operators.
Team CLS developed a technical approach tailored to its model. The team decided the
contract must maintain compliance with the most current DoD IT standards. The OEM
would be responsible for integrating the intelligence, surveillance, and reconnaissance
(ISR) package with government authorities and manufacturing to standards. Team CLS
altered the scenario so that the contractor would provide a 30-year readiness-based sustainment plan that comprises an initial 5-year sustainment and technology refresh with
five successive 5-year government options. This structure provides the OEM with multiyear cost and revenue certainty while affording the government with avenues to opt out if
the system no longer meets fiscal or operational requirements (e.g., overtaken by more
advanced technology).
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Under Team CLS’s model, the OEM would be primarily responsible for sustaining the
UAVs. The government would want sufficient IP and data rights, with the initial TDP and
with each successive technology refresh to sustain the UAVs in critical, unplanned, and
surge situations. The OEM would provide training, along with the responsibility of maintaining the training materials, in order for the government to sustain the UAVs in these
situations. The delivery of this at a high quality is in the OEM’s best interest; it is critical
for the government to have part-printing capabilities during emergencies, as well as improved program readiness metrics against the thresholds in the CLS contract. A 1-year
warranty would accompany the UAVs, although it would exclude government-printed
parts without an OEM FSR onsite. The OEM and government would collect and share
historical data to improve sustainability and the readiness of the UAVs. The OEM would
deliver UAVs using an open-architecture approach, with standard interfaces that allow
for substitution of components on either side of the interface as well as delivering technical manuals to government.
Team Net-Flix developed its technical approach around control by the OEM. The OEM
will identify, test, and field an integrated data environment that serves as the foundation
for all configuration-managed digital data, including asset requirements, engineering
data such as models and reports, and manufacturing process information. The OEM will
also provide secured access to required personnel under the subscription service. The
team’s performance work statement includes a requirement that the OEM is proven,
tested, and a current leader in commercial market solutions. Team Net-Flix also placed a
monetary amount on the acquisition—$2.9 million for the five AM parts—and a provision
that they would qualify at the customer’s site. Their timeline would be 1,000 units over
3 years at a cost of $1.23 billion, with a provision of the entire TDP for independent government production at the end of the 3 years. Team Net-Flix’s TDP discussion reflected
its compliance matrix, with access being restricted to required personnel and encrypting
the data to reduce risk. Finally, the team developed a simplified acquisition strategy and
an LCSP, answering a series of questions that should be considered in an AM-specific
acquisition.

Move 3: Revenue Model
The third deliverable was to create a business model guide to help teams identify key
partners and activities, assess the value proposition, discuss key resources, establish
cost and revenue approaches, among other areas. Move 3 focused on the completion of
a revenue model.
Team Buy-Out’s main partners for this model were the government and OEM, with the
manufacturers of the printers and material suppliers as subcontractors to the OEM. Key
activities were listed as the integration of the government, sustainment of the parts, data
right negotiations and permission, and cybersecurity. To achieve the value proposition,
the OEM would enable organic sustainment, improve operational readiness, and focus
on reducing production lead times and inventory through quality, continued improvement, and ensuring cost savings. The OEM revenue stream would generate from the
licensing the data rights for AM parts and a pricing premium for shortened lead time.
Team Loaner’s main partners for its leasing model were the government, the OEM,
manufacturers, material suppliers, equipment providers, test facilities, and cybersecurity
firms. The two key activities are allowing qualification and certification by the OEM in the
government facilities and protecting data during transmission and storage. The business
model is an industry-focused guideline; value propositions were maintaining the leased
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UAVs, allowing the AM IP to be readily available through terms of lease without restriction, and the government returning usage and reliability on AM parts to help future
products. Team Loaner also noted that while other customer relationships were not considered on the canvas, they are viable alternate sources of revenue for a leasing model.
The cost structure and revenue stream centered on the lease services, UAVs, printers,
and support to fielded upgrades.
Team CLS’s main partners for its model were the government, the awarded OEM, tier 2
and tier 3 OEMs, vendors, material suppliers, and customers. The CLS model encourages collaboration between the OEM and government to achieve performance-based
readiness targets. The OEM contributes to these efforts by manufacturing parts to stock
by AM or conventional methods. The OEM then positions inventory at optimal locations
to meet anticipated demand levels, with some buffer for demand surges, and provides
life-cycle management support such as an FSR onsite. The government augments inventories with its capabilities to additively manufacture parts at or near the point of need
to meet critical demand cheaply or more quickly than the traditional supply chain. The
team’s key activities included a digital thread, end-user training, replenished retail stock,
and the creation of publications.
The team’s key resources were engineers, lawyers, program managers, FSRs, and government maintenance personnel. To successfully implement sustainment, they allocated
resources to printers, materials, and training. The key technology to the model is the
ability of printers to manufacture parts within the OEM specifications. To maximize the
value proposition, CLS’s goal is reduced inventory, procurement and sustainment costs,
and lead time. The team prefers rapid acquisition and maximum up time as well as technology updates every 5 years, with the hope of sustainment tail reduction as product
quality improves over time. The cost structure includes an upfront wholesale pool, replenishment and replacement of stock, equipment leases, engineering required for the
model, and creation of the TDP. The OEM would ensure its revenue streams through
sales of vehicle and initial provision, providing incentive thresholds, and cross-market
sales, as well as refreshing technology to consistently meet operational demands and
trigger successive government options. The OEM would also rely on the performancebased logistics aftermarket support, such as parts, FSRs, TDP, and engineering.
Team Net-Flix’s main partners for its “pay-as-you-go” option are the OEM, government
client and government offices, manufacturer, and software vendors. Key activities include production and sustainment, development and qualification of secure data, user
feedback, demand and usage capture, and storage and transfer training. Key resources
are secure and stable IT infrastructure and proven customer relationship management.
The team would also rely on human capital, such as FSRs and material scientists. The
cost structure mostly relies on production and sustainment, allowing for a continuous
revenue stream. Team Net-Flix would focus the revenue stream on the improvement of
readiness and mitigation of counterfeit parts, as well as end-to-end network security
through production.

Move 4: Assess to Value Proposition
For the fourth and final deliverable, teams produced a contract framework with terms
and conditions, assertions, warranty, liability, and a form of cost. Move 4 focused on the
assessment of value proposition.
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Team Buy-Out agreed to a specifically negotiated licensing agreement. Its technical approach for this agreement required the OEM and government to agree beforehand to a
negotiated license that covered 3 years of CLS and the sustainment period post-CLS.
They agreed on a few terms and conditions, including a non-compete clause, production
for government only, cybersecurity reporting, and a component improvement program.
The OEM reserved the right to sell improvements to international markets, excluding export considerations. To validate funding representations that underlie the restrictions, the
OEM would be the sole provider. The team deliberated on whether the OEM would offer
certification (then the government would desire a product warranty, at no additional cost)
but decided that the government did not desire a warranty at an additional cost. However, if the government were to pay for certification, then the OEM would assume the
liability. The team agreed on a compensation system with four payments through annual
milestones and explored shared-profit opportunities achieved through supply chain
efficiencies.
Team Loaner agreed that the OEM would provide a lease of 1,000 UAVs per the
schedule furnished by the government. The environment may be restrictive, but AM
sustainment would be mobile, containerized, secure, and in climate control-approved
facilities. The team incorporated an addendum option to co-design the integration of ISR
government-furnished equipment, digital library and databases, training, and quality
control services. By maintaining the leased UAVs via multiple AM fabrication sources, it
reduces logistics, as well as the operations and maintenance chain for the customer.
Team Loaner’s UAV services are a platform for the sensor systems. The team would
return data to the OEM and other key partners for insight of product usage and reliability
on AM components to improve future parts. The contract also allows the AM IP to be
readily available through the terms of the lease, enabling rapid fabrication of
replacement parts without restriction.
Team CLS’s contract consisted of a 30-year sustainment timeline with a technology update every 5 years, with the upfront cost being lower to the government. This allows stable revenue for industry over the near and midterms, with potential to increase profits
over the system life cycle as the OEM drives down costs or improves operational availability. The OEM would offer access to historical data, spare parts, training, and publications at a lower cost to government while allowing a stable revenue for industry. The
team decided on a warranty agreement for parts and a TDP that increases the cost to
government but would exclude government-printed parts manufactured without an OEM
FSR onsite; this is also a higher risk for industry. Government and industry agreed on
the assumption that all sustainable parts must be designed and qualified for the AM process. Team CLS did not agree that the design could be reconfigured to comply with DoD
open-architecture standards. While open architecture could allow the government to
open the CLS contract to competition, building in reconfigurable design is an increased
upfront cost to the government and dependent on complexity and performance, while the
cost to business depends on the complexity of the integration of government-furnished
equipment.
Team Net-Flix’s contract allocates the cost into five elements:

• Turnkey solution. The major element of the contract is allocated to buying a turnkey solution for DoD by providing the TDP, training, and end-to-end manufacturing
process. This does not include product updates but would include the printer, files,
and materials. The terms and conditions would be standard for services. The OEM
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would offer a standard commercial warranty on machines and support equipment,
with the possibility to negotiate an extended warranty. The liability would be the
sole responsibility of the OEM, if the process were followed.

• Engineering services. The second-largest element of the contract is allocated to
engineering services, which include configuration management, product updates
and improvements, FSR support, and software and firewall parameters. The terms
and conditions for this element were split into three parts: (1) agreed-upon clause
on a commercial license for the printer, (2) response time metric (variable), and
(3) standard terms and conditions for services. The data rights may be negotiated
on updates and modifications. The warranty offered would be applied to the outcome, and the liability would be negotiated between the OEM and government.

• Digital library. The OEM would provide a digital library with terms and conditions
that allow for its transportation within a cyber-secure environment. The OEM would
offer data warranty, cyber protection, and data validation. It is the responsibility of
the OEM to ensure the build file is usable, current, and accurate. The OEM assumes liability if it does not comply with this requirement.

• Subscription services. The subscription (cloud) technical approach offers two options: a blanket subscription for unlimited use and a basic subscription. The OEM
would offer a standard commercial warranty to the government.

• Initial sparing and provision. The smallest element of the contract is initial sparing
and provision, which applies to all technical approaches such as data right clauses,
the patent indemnity clause, and Defense Federal Acquisition Regulation Supplement (DFARS) and FAR clauses. Standards terms and conditions, warranty, and
liability apply to this requirement.

Key Challenges and Findings
At the end of the 2-day exercise, the teams presented short out-briefs of findings. Each
team’s entire brief can be found in Appendix D. Refer to Figure 3 for the highlights of
each team’s findings. The subsections that follow detail the most significant challenges
and findings that each team presented.
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Figure 3. AM Wargame II Highlights from Four Briefs

KEY FINDINGS / HIGHLIGHTS

KEY FINDINGS / HIGHLIGHTS

-

-

Specially Negotiated Data Rights
Negotiating a value for access to IP
Need Component Improvement Program
How to determine liability
Trained work force needed
Lack of historical data
Gov’t needs IP to organically sustain
system

Key acquisition obstacles exist
Leasing can reduce costs & increase value
Partnership w/ continuous revenue stream
May mitigate obsolescence
Incentivizes acceleration of innovation and
spurs competition
Fear of loss/damage may reduce use
Cost models unexplored

-

KEY FINDINGS / HIGHLIGHTS

KEY FINDINGS / HIGHLIGHTS

-

-

-

-

Low risk method for the government to
enter the AM space
CLS method has the greatest ability to
offset high op-tempo needs
Challenge is defining rights to emergency
prints
Need to add language to cover FAR gaps
AM mitigates obsolescence

-

Need leadership buy-in to the model
Lack of historical data
Greater reliance on digital network
Paradigm shift on liability issues
Re-examine acquisition rules
Potential to reduce costs, increase
performance, and improve schedule
PPP is key

Team Buy-Out
• Our experience showed us that industry is not likely to agree to unlimited or
government-purpose rights. Instead, industry preferred a specially negotiated licensing agreement that included sustainment, warranties, liability, cost, and solesource designation.

• How to negotiate a fair market value for the contractor yielding its sole-source premium for the limited rights to the technical data (“OEMs selling the secret sauce”).

• How to capture or continue product and technology improvement post contract
(component improvement program).

• If industry will not certify a government-manufactured AM item, can liability be
placed on an AM part manufactured with the OEM’s technical data?

• We need a future workforce with machinists and software engineers who possess
the talent to design for AM.

• There is a lack of data to support the long-term viability for AM-produced parts.
• The government needs the IP to organically sustain AM parts, or sustain the system as a whole should the OEM decide to end support.

15

Team Loaner
• Leasing over the life cycle of a system can save money and provide a better value
(e.g., no disposal costs, increased readiness).

• Provides potential to establish a long-term business relationship and the OEM to
receive a continuous revenue stream.

• Currently, DoD regulations do not allow a lease option.
• Leasing can mitigate obsolescence issues in systems that have rapidly evolving
technology.

• Leasing incentivizes the acceleration of innovation and spurs competition.
• Leasing provides the OEM the opportunity to leverage AM profitably across both
government and industry clients.

• Penalties for going beyond the leasing degradation percentage may discourage
operational use (e.g., operational forces are less likely to use expensive assets,
leased or otherwise, due to fear of loss or damage and potential repercussions).

• Cost models are for the most part unexplored and may be more expensive for government than industry.

Team CLS
• CLS is a relatively low-risk method for the government to enter the AM space. The
model enables multi-year cost stability and encourages the OEM to collaborate
with the government to achieve performance targets.

• The CLS method has the greatest ability to offset high-OPTEMPO needs and incentivize readiness. The OEM and government combine traditional inventory methods with as-needed AM production to operate effectively while achieving
availability thresholds codified in the CLS contract.

• The challenge is defining the rights to emergency prints for government printing.
The government leverages its printing capabilities to meet demand or near the
point of need to improve performance against program readiness metrics. However, from the OEM viewpoint, each use of the TDP outside of its immediate control is a potential liability issue, or a breach of IP. This is particularly concerning in
the theoretical case where instead of using a government-leased printer, the government hires a commercial printing service to manufacture a part using the OEM’s
data.

• Commercial contract: add language to cover FAR gaps.
• CLS is the way to go for a high level of operational availability and stable cost
structure. CLS encourages product and process improvements that advance system availability, particularly when the contract is structured so improvements benefit both the government and the OEM.

• AM streamlines incorporation of performance and reliability improvements and mitigates obsolescence.
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• Extremely high turnover of replacement parts requires good configuration
management.

• Difficult for OEM to contract with different services and agencies.

Team Net-Flix
• Challenge to get leadership to adopt subscription business model.
• The subscription model can be tailored to meet demand.
• Lack of historical data for the subscription business model.
• Need to demonstrate value above traditional methods and processes.
• Greater reliance on connectivity and the digital network.
• Potential for new ground on liability issues (paradigm shift).
• Rules of acquisition need to be reexamined.
• Potential to reduce cost, increase performance, and improve performance
schedule.

• PPP is key.

AM Wargame II Hotwash
The AM Wargame Planning Team, co-leads, facilitators, and coordinators conducted a
hotwash on May 31, 2017, to discuss feedback from Wargame II to learn from their
firsthand experience as well as shape future wargames.

Hotwash Observations
• Collaboration between government and industry team members allowed trust to
grow between them.

• The number of deliverables within the 2-day time constraint created a sense of
“racing” amongst the team members.

• The event was much more collaborative than the first wargame.
• Recommend more diverse industry participation in the future, such as small business and AM system manufactures.

• Existing government restrictions will limit many organizations’ use of the model developed by Team Loaner.

• Teams struggled with conducting a “fair-price” value and suggested pricing and the
creation of a revenue model for a future AM wargame.

• Pre-meetings prior to the wargame helped with team dynamics and collaboration.
• Breaking the 20+ person teams into smaller groups led people to become more involved and productive.

• The Lockheed Martin facilities were tremendous and greatly appreciated. The
whiteboard space was a great tool.
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Hotwash Recommendations
• Move to a 2-day format with a specific focus or fewer deliverables.
• Create a more structured method of sharing contacts. Establish a restricted-access
AM Wargame “Community of Interest” on the AMMO WG website at
https://ammo.ncms.org/.

• Solve a specific problem during a follow-on wargame, such as warranty, liability, or
gaps in the FAR.

• Include critical items such as flight safety repair parts manufactured through AM.
• Focus another wargame on the development of a report with a smaller number of
deliverables. Examples include writing a contract, performance work statement, or
warranty with a smaller group possessing the proper skill sets.

• Have the teams summarize unsolved questions and problems, then possibly hold
focus groups with related disciplines to conduct a deep dive.

• Designate a dedicated recorder, possibly with audio/visual equipment, to observe
and capture conversations, as the coordinators were busy developing the products
and facilitating the group.

• Continue AM wargames on an annual basis.
• Look at how current and future states of AM technology will drive implementation
and how that will affect contracting in future wargames.

AMMO WG Brief Comments
The AMMO WG conducted a teleconference on June 7, 2017, to focus on the series of
out-briefs from the co-leaders, facilitators, and coordinators of the four AM wargame
teams. This session afforded the team participants more time to discuss their findings
than was available during the out-briefs. Their added comments are below.

Team Buy-Out
• AM is not a traditional manufacturing process; therefore, it presented challenges to
a traditional acquisition approach.

• We prefer specifically negotiated data rights rather than unlimited rights or
government-purpose rights.

Team Loaner
• The leasing model was very complicated due to the internal government and DoD
regulations not allowing a lease option. Currently, the General Services Administration is the only agency able to allow a lease option.

• The leasing model does have value; it would allow a reduction in the logistic chain,
IP access would enable rapid fabrication, and the product updates would be readily
available.
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Team CLS
• The government does have the ability to do this type of work, if needed, and it
allows flexibility.

• A 5-year option allows for a technology refresh.
• CLS is a low-risk method for the government to enter the AM space.
• CLS has the greatest ability to offset high-OPTEMPO needs.

Team Net-Flix
• Solving the challenges to the model such as liability, warranty, and properly capturing data to categorize is critical.

• Metadata would help the model by affording AM manufacturers information about
the creation of the part such as where and when, as well as which machine was
used to produce the part.

• There are potential cost savings by eliminating non-value-added steps of the supply chain and automating other parts of the process.

• The “pay as you go” model allows adaptation to changing technology and is a better value for the government.

Survey Results
A survey was distributed to the 97 participants after the wargame, with a variety of
questions to solicit feedback and help shape future wargames. Figure 4 shows the
survey results.
Figure 4. Survey Results from the AM Wargame II
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Analysis of Results
Commonalities
A review of the observations and findings from all four teams reveals common threads,
despite the fact that the teams used different business models. Each of these findings
will require examination and solutions as AM business models are developed for future
implementation across the DoD community. Here are the most significant findings mentioned by the teams:

• Reexamine acquisition rules and the FAR. The incorporation of AM to manufacture
parts for DoD systems is disruptive not only to the DoD supply chains but also to
the commercial supply and manufacturing processes. Current acquisition and FAR
guidelines need updating to take full advantage of AM capabilities.

• Institute a technology refresh and component improvement program. A model to
capture or continue product and technology improvement post contract is required.
AM hardware, materials, and software are advancing at a rapid rate, creating new
and improved versions in relatively quick succession. Printers, powders, and the
digital thread require frequent updates, and the model must consider how pricing,
liabilities, warranties, and other aspects will be updated to keep pace with the
technology.

• Furnish cost models. The teams were tasked with negotiating terms to support the
use of a new capability, in an entirely new manner, using IP data transferred to a
new user. The absence of pricing or cost models is a risky proposition for both the
government and industry.

• Address manufacturing liability issues. Certification of the AM processes used is a
key factor, but failure of a part could have a major impact not only on liability concerns but also on the OEM’s reputation.

• Use AM to mitigate obsolescence. AM capability could be used to repair or produce otherwise obsolescent parts that no longer have a supplier. Modifications
could be implemented much faster once the 3D data were updated and made
available, as no changes were needed in the actual manufacturing equipment.

Wargame Recommendations
The change and opportunity that AM offers is very real and will require a business and
operations paradigm shift. By noting the needs of all involved, the government and industry should experience a smoother transition. The following recommendations were
compiled by all four teams:

• Continue the AM Business Model Wargames, preferably on an annual basis to be
most effective.

• Keep the collaborative environment, which is much more productive than separate
government and industry teams.

• Dive deep into cost and pricing, taking into account data rights.
• Afford additional time to work through the scenario.
• Set up a mock competition during which the government engages with industry
(two teams).
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• Structure Business Model Wargame III differently by conducting the phases over a
few months.

• Use existing RFP and resources to design the next scenario.
• Enable more cross-government services coordination and sharing.
• Introduce variations of solving the problem to provide a richer body of knowledge.
• Focus future wargames on pre-contract award, as at least one team had difficulty
attempting to negotiate the sustainment support after the production contract was
awarded.

Future Focus Areas
The future focus areas of the AM planning group align to the gaps identified in developing the business models during the AM wargames. The planning group will organize
wargames and working groups to develop solutions to these gaps that create improved
sustainment opportunities for the warfighter. Ongoing and future actions include the
following:

• The AM Business Model Legal Team is reviewing the contractual language in the
DFARS to identify conflicts and recommend solutions to better incorporate the
unique capabilities that AM possesses.

• An understanding of the needs and restrictions of both industry and government in
such areas as security, technology certification, deliverables, workforce training, IP
protections, and warfighter readiness should be established to develop a baseline
platform from which gaps and solutions can be identified.

• Conduct AM Business Model Wargame III in May 2018 with an emphasis on developing possible solutions for identified gaps. Examples include
- developing costing and pricing models involving the transfer of IP and
- examining liability and warranty responsibilities.

• Use the wargame results toward the development of AM working groups, with recommendations to focus on the following:
- Develop an AM contracting guide for DoD
- Craft AM acquisition policy language
- Determine how to secure data transmission for AM and the digital thread
- Conduct an end-to-end “pathfinder” study to look at processes from contracting
to delivery.

Conclusion
The AM Wargames revealed that within the realm of AM business models, there are
myriad questions, new challenges, and great opportunities. Identifying and addressing
these in a thoughtful manner and priority is vital to the successful implementation of AM
within DoD. Government and industry need a better understanding of the AM business
models. In addition, they must collaborate to develop a strategic plan that encompasses
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an enterprise approach to the delivery of AM technologies, allowing for timely repair and
a value stream for both government and industry.
Additive manufacturing has arrived. With continued growth expected over the next decade and beyond, the U.S.
must embrace this new technology and seize momentum in guiding AM innovation to achieve national security
objectives and global economic leadership.
Spring 2017 Industry Report
Eisenhower School for National Security and Resource Strategy
National Defense University
Fort McNair
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Appendix E. Abbreviations
AM

additive manufacturing

AMMO WG

Additive Manufacturing for Maintenance Operations Working Group

CLS

commercial logistics support

COTS

commercial off the shelf

DFARS

Defense Federal Acquisition Regulation Supplement

DoD

Department of Defense

FAR

Federal Acquisition Regulation

FSR

field service representative

IP

intellectual property

ISR

intelligence, surveillance, and reconnaissance

LCSP

life-cycle sustainment plan

OEM

original equipment manufacturer

PPP

public-private partnership

RFP

request for proposal

RLW

reconnaissance lightweight

TDP

technical data package

UAV

unmanned aerial vehicle
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