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Executive Summary
Within a few years, Advanced Air Mobility (AAM) will radically transform the movement of people 
and cargo for both the commercial and military sectors. This trillion-dollar industry is developing 
revolutionary aircraft—lightweight, quiet, and carbon-free—to expand mobility by using underutilized 
airspace in dramatically new ways. AAM covers a wide range of manned and unmanned aircraft 
including electric Vertical Takeoff and Landing (eVTOL) aircraft, electric Short Takeoff and Landing 
(eSTOL) aircraft, fixed-wing electric aircraft, and drones. Defense departments in dozens of countries 
will utilize AAM aircraft for surveillance, transportation, cargo, and other strategic benefits vital to 
national defense. The market potential for each city that implements AAM for civilian purposes alone 
is enormous.  

In the U.S., the basic concepts behind regulations for new aircraft materials, such as the advanced 
lightweight composites used in AAM aircraft, are half a century old. Antiquated regulations threaten 
to hamper AAM development in the U.S., resulting in its aerospace sector losing the global race for 
dominance to competitors such as China, which is currently deploying eVTOL aircraft in tests around 
the world. 

This paper examines the growing gap in U.S. manufacturing capabilities and the urgent need for 
innovation in advanced materials qualification. It proposes a solution: the establishment of a new 
center of excellence, the Utah Aerospace Advanced Manufacturing Center (UAAMC) for aerospace 
advanced materials and advanced manufacturing. Along with key stakeholders in the military, 
government, academia, aerospace, and regulatory agencies, UAAMC will explore new ways of 
speeding aerospace development while maintaining the extraordinary safety record of U.S. aviation. 

A key element of the plan will be to create a “sustainable” business model for UAAMC whereby license 
and royalty agreements can be leveraged to repay investments the center makes in innovative TRL 
level 1-9 projects. Up to $1 billion in funding, almost all from the private sector, will be teamed with 
grants and funding from AFRL, as will be explained.

The proposed structure for the $1 billion investment fund to sustain UAAMC is not novel. Federal 
loan guarantee programs have been successfully used for decades to support projects solidly in the 
national interest, but in need of credit enhancement to lower risks of private investment sources. This 
approach could be implemented within one calendar year, and in today’s environment with so much 
funding available and public attention for national infrastructure, the climate is perfect to request such 
support.

The paper suggests a blueprint for UAAMC to be self-sustaining over the long term: a public private 
partnership (P3) to ensure adequate funding. The result: revolutionizing methods of materials 
qualification and manufacturing, resulting in U.S. dominance in AAM, along with increased national 
security, economic productivity, jobs, tax revenues, and far-reaching industrial and social benefits.
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Introduction
Over the past fifty years, the United States has suffered a decline in manufacturing prowess and inno-
vation that threatens the nation’s ability to maintain its role as a superpower and the world’s leading 
economic power. In that time, manufacturing’s share of gross domestic product has shrunk from 27% 
to 12%. More dramatically, between 2000 and 2010, nearly six million U.S. manufacturing jobs were 
lost (Strachan & Shahadi, 2021).

This comes at a time when near peer competitors, most notably China, are significantly enhancing 
their manufacturing capabilities. Such a disparity, especially between rival nations, can have cata-
strophic consequences. For instance, when the COVID-19 pandemic started in the U.S. in early 2020, 
Personal Protective Equipment (PPE) for medical providers (masks, gowns, goggles, face shields, 
etc.), most all of which was imported from overseas, was in short supply in U.S. hospitals and nursing 
homes. In 2018, China made 43% of the world’s PPE and 48% of all PPE imports to the U.S. were from 
China. Moreover, 70% of U.S. face mask imports were from China (Brown. 2020). Fortunately, China 
ramped up PPE production and sales to the U.S.; it could have chosen to do otherwise.

The manufacturing imbalance is equally alarming in terms of defense and commercial technological 
capabilities, particularly in aviation. A global race is underway for technological superiority in future 
air vehicle development, and sustainable but secure supply chains protecting the U.S. national interest 
are not in place. 
 
A compelling dual-use industry, Advanced Air Mobility (AAM) promises to address critical needs 
in both the military and commercial markets. The U.S. Air Force (USAF) has identified the need for 
low-cost, high-production, limited-use, attritable aircraft. Concurrently, America’s communities 
and businesses, including medical and package delivery firms, are looking for solutions to the 21st 
century’s challenges, which include increasing productivity, overcoming traffic congestion, and 
addressing rising environmental concerns. These stakeholders are willing to adopt the new technology 
and acquire large fleets of suitable vehicles to do so. New AAM technologies can meet multiple needs, 
but the effort will require expeditious innovation and the ability to qualify advanced materials and 
advanced manufacturing for both the military and commercial markets at high volume.

AAM is often described as the intersection between aerospace’s materials performance and quality, 
and automotive’s high volumes and production efficiency. There are fundamental differences between 
these markets from both a product and a commercial standpoint. For example, in any given year, there 
are orders of magnitude more automobiles produced than commercial aircraft. On the other hand, 
automobiles typically have only a fraction of the parts as compared to aircraft, a majority of which are 
fasteners. Production rates for the more than 400 AAM aircraft in development will exceed historic 
rates for commercial and military aircraft, but be lower than the production rates for automobiles.
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For aerospace, when qualifying a new material system from an existing material, the process can 
take up to four years, but when dealing with an entirely new material the process takes as long as a 
decade. By comparison, the automotive industry on average takes 18 to 20 months for a new metal; 
for a new plastic or polymer composite this timeline decreases to around five to seven months (Modi, 
2016).

Figure 1- Comparison of commercial aerospace with automotive and AAM production characteristics (Source: Aerolytics)

There are other characteristics that fundamentally separate the products: the large difference 
between the size of the parts, for instance, and the high tolerances demanded by aerospace assembly 
to ensure safety. Furthermore, there are basic differences with material systems and, hence, 
manufacturing methods. Aerospace is moving from predominantly aluminum structures fabricated 
from sheet and heavily machined plate to automated fiber placement (AFP) of carbon fiber reinforced 
polymers (CFRP). The automotive industry still extensively uses stamped thin-gauged steel sheet and 
roll-formed steel frames with various injection molded polymer parts. Aerospace uses fasteners, even 
for bonded joints between CFRP parts and sections. Automotive, in contrast, consists mostly of spot 
welds robotically applied. 

Another difference between automotive and aircraft manufacturing is the magnitude of failure if 
something goes wrong.  For aviation, the loss of an aircraft costs millions of dollars, and has the 
potential to cause equal damage if it crashes into something on the ground.  For automotive, the scale 
is thousands of dollars.  There is also a greater potential for loss of life if a commercial aircraft fails 
than for a car crash.  The magnitude of failure drives the conservative approach. Remotely piloted or 
autonomous aircraft with no people on board have a much lower risk level and therefore should have 
different materials qualifications standards.

As anticipated, AAM shares aspects of both of these products and markets. Indeed, it is a hybrid. 
Clearly, the size and part count are closer to that of an automobile which has fostered comparison 
of AAM aircraft with electric vehicles, such as Tesla. The above table summarizes many of these 
characteristics between the three markets. Given the safety imperative of aviation, it is likely that 
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product integrity will be the primary quality driver for AAM. The key challenge, not surprisingly, is 
likely to be the relatively high production rates expected. This is not your father’s Oldsmobile, nor is it 
his 777. This is a new paradigm – there is no precedent for high-rate production of CFRP aircraft.

The United States is not prepared to meet the high production rates for the AAM aircraft market need. 
Advanced manufacturing processes to address both the military and civilian markets will require 
significant testing for qualification and certification. The methods for manufacture, qualification, 
certification, and advancements in the materials themselves, however, still rely on concepts first 
developed over 50 years ago. At the time, these processes worked well for innovations of the 20th 
century, and many advancements were subsequently made. The great challenge for the revolutionary 
commercial AAM and military markets is to augment and enhance these methods to ensure world-
beating U.S. products can enter the market at strategically critical times.

The commercial opportunities alone are staggering. Leading investment banks estimate the value 
of AAM’s global totable addressable market at $1 trillion by 2040, assuming current policies. This 
increases to $4.4 trillion if policy changes worldwide coincide with technological advancement. In 
the United States alone, the sector could account for 280,000 jobs. USAF requirement is generally 
expected to be 10,000 attritable units annually after 2030.

The United States industry needs innovation and investment of at least $1 billion to bring advanced 
materials and advanced manufacturing into the production and manufacture of the next generation of 
USAF and commercial aircraft.

To make this happen, this white paper recommends the establishment of a new center of excellence, 
the Utah Aerospace Advanced Manufacturing Center (UAAMC) for aerospace advanced materials and 
advanced manufacturing, as a consortium of stakeholders.

Figure 2- Utah Aerospace Advanced Manufacturing Center (UAAMC)
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The UAAMC will work with these stakeholders to find new streamlined methods for qualifying and 
certifying advanced materials and advanced manufacturing. To do so, the UAAMC will be organized 
such that its work for the ultimate customers, both the Air Force and commercial industry, benefits 
from the base support of technology facilitators. These include the Utah Advanced Materials and 
Manufacturing Initiative (UAMMI), the National Association of Manufacturers (NAM), America Makes, 
the Institute for Advanced Composites Manufacturing Innovation (IACMI), American Composites 
Manufactures Association (ACMA), and others. These facilitators will work in partnership with the 
National Institute for Aviation Research (NIAR) and its aerospace qualification programs to meet the 
needs of 21st century material suppliers and aircraft manufacturers. This in turns supports the product 
development efforts of material suppliers and manufacturers, all in coordination with regulators. 

UAAMC’s capitalization will enable it to undertake a mission to qualify advanced materials, including 
composites, and advanced manufacturing processes, including 3D printing and digital engineering, 
suitable for rapid introduction into critical supply chains that the USAF and commercial developers 
are creating. UAAMC will accomplish this by deploying both private capital and funding from 
governmental stakeholders, including Air Force Research Laboratory (AFRL) programs in the process. 
Through a public private partnership (P3), the plan will be to leverage government funding with 
private capital sufficient to ensure a successful project launch and long-term outcomes in materials 
qualification, certification, and manufacturing.

The Urgent Need
As the 21st century continues, the United States faces a turning point in its ability to maintain its 
position as a global superpower and the world’s largest economy. This is due in large part to the 
steady decline in the U.S. defense industrial base. Over the past five decades, the U.S. has become 
increasingly deindustrialized and lost its expertise in manufacturing innovation in the process. In the 
meantime, the People’s Republic of China (PRC) has risen as a new threat on the global stage (Office 
of the Deputy Assistant Secretary of Defense for Industrial Policy [USD A&S], 2021). However, the 
culmination of advancements in different technologies provides the opportunity for the United States 
and its domestic industrial and technological bases to become a leader in newly developing markets 
such as AAM, attritable low-cost aircraft, and other newly developing sectors. Advanced materials 
and manufacturing processes are an enabling force propelling these sectors forward, but current 
qualification and certification practices are expensive and time-consuming, especially for strategically 
critical markets. Consequently, there is an imminent, compelling need for innovation in advanced 
materials and advanced manufacturing qualification processes to support newly emerging sectors 
within the aerospace industry.
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Erosion of the U.S. defense industrial base presents a major risk to national security. In fact, the 
Department of Defense (DoD) is highly dependent on nations that are direct competitors, or can 
be influenced by competitors, for manufacturing capabilities. Reliance on foreign manufacturing 
presents a risk to national security because it is impossible to respond to conflict in an agile manner. 
Foreign suppliers, through their governments, have the ability to cut off supply lines at any point when 
conflicts arise. More expedient implementation of advanced technology by the U.S. would reduce the 
nation’s exposure to supply chain risk; yet for this to happen, steady innovation in manufacturing must 
continue (Schmid & Melkote, 2021). This is especially true for aviation, which, although identified as 
a critical sector for national security, still has a high level of foreign dependency (USD A&S, 2021). The 
U.S. must especially focus on maintaining the domestic aerospace supply chain because recreating 
domestic capabilities in this technically complex sector will be extremely difficult once they are lost to 
foreign competitors (Atkinson, 2020), as has been the case with the small Unmanned Aerial Systems 
(sUAS) industry which is dominated by China.

Situational Analysis 

Decline in the U.S. domestic defense industrial base over the past few decades has coincided with 
growth of near peer competitors. For example, the PRC is poised to take the United States’ position 
as the world’s largest economy by 2040. China’s rapidly expanding economy is coupled with a military 
that has begun an intense modernization campaign in the past two decades. The country spent $250 
billion on defense in 2019. Although less than comparable spending by the U.S., this may translate 
to greater capability for the Chinese military because of lower costs in China (USD A&S, 2021). This 
is clearly in line with China’s stated aims. In 2017, China’s paramount leader, Xi Jinping, announced 
the goal of the People’s Liberation Army (PLA) to have a military equal or superior to the U.S. and 
other superpowers by 2049. The PLA has largely succeeded in its modernization initiatives and is even 
superior to the U.S. military in some respects. The PLA’s Army Navy (PLAN) had 350 ships in 2020, 
compared to the U.S. Navy’s 293, making the PLAN the largest navy in the world. Nevertheless, the 
composition of the PLAN was primarily ships oriented for coastal defense, while the U.S. Navy had 
nine more aircraft carriers than the PLAN (Office of the Secretary of Defense [OSD], 2020). Thus, for 
the time being, the U.S. Navy still has a significantly greater ability to project force on a global scale. 
In terms of missile forces and integrated air defense systems however, the Chinese military is deemed 
to be superior. After modernizing its military, the PRC is expected to revise aspects of the international 
order with force, posing a significant threat to the national security of the U.S. and its allies (OSD, 
2020). Compounding on military advancements, China has established dominance in key future 
technologies, such as 5G equipment and solar panels, while attempting to close the gap in many 
others (Atkinson, 2021). These combined factors mean the PRC poses a large and unique threat for the 
future of both the United States’ economic standing and national security, a dual threat the U.S. has 
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not faced with any other foreign competitor (Atkinson, 2020). If the U.S. wants to maintain its position 
among competing nations, then it must refocus on innovation in advanced technologies (Atkinson, 
2020) and the manufacturing base, specifically in the materials sector which enables developments in 
other critical sectors.

Beyond foreign dependency, additional significant supply chain risks associated with the aviation 
sector are fragile suppliers and product security (USD A&S, 2021). Innovation in materials qualification 
can accelerate the life cycle of product development. This can have compounding effects, reinforcing 
the industrial base by enabling more domestic companies to utilize advanced materials and 
manufacturing. In turn, domestic suppliers can be strengthened, thereby eliminating additional risks 
in the supply chain. Other sectors such as ground vehicles and shipbuilding face supply chain risks 
associated with relying on a select few suppliers which are certified to manufacture capabilities or 
qualified to utilize materials (USD A&S, 2021). This problem has the potential to be exacerbated in the 
future for the aerospace sector. Traditionally, aerospace companies perform the costly qualification 
process themselves, keeping the proprietary information (intellectual property) to themselves and 
creating redundancies in the work for the Federal Aviation Administration (FAA), thus expanding the 
timeline for a material to be qualified (Ng, 2017). While there are some centers that produce open-
source materials qualification information for the aerospace industry, the costly and timely process 
of materials qualification is a barrier to entry for many companies interested in advanced concepts, 
limiting competition to a few largescale companies.

Advanced materials, including composites, especially carbon-fiber, and advanced manufacturing 
processes, including 3D printing and digital engineering, have demonstrated the capability of creating 
lighter, stronger, and more cost-effective solutions to USAF materials and manufacturing programs. 
Advanced materials are clearly the future materials for USAF aircraft. However, the methods for 
manufacture, qualification, and advancements in the materials themselves stem from concepts 
developed more than 50 years ago, though many advancements have been made over that time. 
Yet with the onset of new USAF programs such as swarm warfare and attritability (which require 
lower cost aircraft as well as higher speed capabilities), new materials, manufacturing methods, and 
utilization technologies are urgently needed. Materials qualification innovation, and the materials 
which will be usable as a result, will enable a new wave of technologies that will have profound effects 
on the U.S. military and economy. 
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In the recent past, the AFRL pivoted to produce 
new capabilities better suited for a conflict with 
near peer competitors. These technologies 
include runway-independent aircraft utilizing 
advanced mobility and attritable low-cost 
vehicles (Bunning, 2021). Attritable aircraft, or 
vehicles which can be produced cheaply with 
a shorter service life than traditional vehicles, 
have received extensive attention as a Vanguard 
program, a program deemed of high importance 
for development by the U.S. Air Force. These 
aircraft would serve as the foundation for a 
family of unmanned air vehicles which could 

be capable of teaming with manned aircraft, significantly improving the capability of the warfighter 
(AFRL, n.d.). Although, research is currently being completed into low-cost airframes (AFRL, n.d.) and 
the effective introduction of these new capabilities, new manufacturing technology and processes 
need to be implemented (USD A&S, 2021).

Another USAF program which would be supported by innovation in advanced materials qualification 
is the Agility Prime initiative organized by AFWERX, also part of AFRL. Agility Prime presents a strategy 
of collaborative risk reduction in electric Vertical Take Off and Landing (eVTOL) aircraft. Development 
of eVTOL aircraft is referred to as the third revolution in aerospace, as technology advancements in 
the electric, autonomy, manufacturing, and materials sectors coalesce. These new aircraft will provide 
countless new options for mobility when supporting the warfighter. The goal of Agility Prime is to 
help develop a domestic industrial base for eVTOL aircraft, so the U.S. does not repeat the mistakes 
in the small drone (i.e., sUAS) industry (Tekell, 2021). As of 2020, the five U.S. companies in the top 
ten of the U.S. sUAS market held only 8% of the market; a whopping 77% was held by the Chinese 
company DJI (USD A&S, 2021). Consequently, if the U.S. military requires sUAS capabilities, it must rely 
on a foreign competitor or invest a significant amount of capital instead of being able to tap a healthy 
domestic base in the sector.

Similar to the impact eVTOL will have on the warfighter, the use cases for eVTOL span a wide variety 
in the commercial sector. The commercial use of eVTOL is referred to as Advanced Air Mobility (AAM). 
Use cases of AAM include transportation of goods and people, emergency services, Medevac, and 
more (NEXA Advisors, 2020a; Lineberger et al., 2021). Morgan Stanley projects the global totable 
addressable market for AAM to have a value of $1 trillion by 2040, and Deloitte Insights projects 
the U.S. market alone to be worth $115 billion by 2035. While these projections are promising, the 

Figure 3- USAF Operating concepts could apply in air-to-
air combat with drones acting as missile trucks based on 

information from the controlling F-35 or another manned or 
unmanned asset
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AAM market will face a manufacturing challenge in the near future. Compared to the car market, the 
aerospace market is slower to take a material from initial development to volume production but can 
produce materials with very high quality. To enable AAM and attritable aircraft markets to reach their 
full potential, aerospace manufacturers need to keep the same quality while reaching the output 
shown in the automotive industry (Yancey, 2021; Lineberger et al., 2021). Materials qualification 
innovations can improve high-rate aerospace structure manufacturing and maximize competitiveness 
in the market to ensure market projections come to fruition.

Commercial Considerations
Communities throughout the United States that are looking to adopt AAM will most likely prefer to 
favor U.S. manufacturers. UAM Geomatics, a research firm focused on the AAM market, has identified 
five use cases -- airport shuttle, regional transport, on-demand, corporate campus, and emergency 
response – that these cities will likely adopt. UAM Geomatics modeled these use cases for 84 
metropolitan areas around the world, 37 of which are in the U.S. For each city, the firm has forecasted 
number of vertiports; number of passengers; costs of AAM aircraft, Remote Traffic Management, and 
vertiports; passenger revenue, and more. 

These cities are responding to concerns about congestion and the environment. While 55% of the 
world lived in urban areas in 2018, UAM Geomatics notes that this is expected to increase to 68% 
by 2050. This is occurring simultaneously with a desire for cleaner cities and lower greenhouse gas 
emissions which can be achieved by battery-powered aircraft and those potentially powered by 
hydrogen. 

Global package delivery is the other major commercial market that is slated to adopt AAM at 
a significant level. The major package delivery firms – FedEx and UPS – have substantial AAM 
developments underway, as does the world’s largest on-line retailer, Amazon. The global drone 
delivery market was estimated at $528 million in 2020 and is expected to grow over ten-fold by 2026 
to $6.8 billion, according to research firm Facts and Factors. The COVID-19 pandemic has helped 
increase the public’s comfort level with home deliveries, while at the same time customers have 
indicated a desire for quicker service.

Congestion poses a significant efficiency problem for package delivery firms. It adds a large amount to 
the cost of package transportation, particularly in the final stage, known as last mile delivery (though 
the actual distance can be several miles in a metro area and up to 12 miles even in suburban markets). 
In 2018, Statista estimated that the cost of last mile delivery using traditional surface vehicles was 
$10.10, with highly fluctuating fuel costs contributing to up to 25 percent of the cost. By comparison, 
Fehr and Peers recently estimated that for the lowest weight packages, AAM last-mile delivery could 
be as low as five cents a mile. 
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The speed with which with climate change and urbanization are happening underscores the need 
for the innovative commercial solutions that the AAM industry is driving. Yet, as the UAM Geomatics 
forecast notes, the major barriers to the application of those innovative solutions are a streamlined 
testing and certification regime along with adequate investment.

While several pilot programs have begun in the United States that have proven the use cases for 
small package delivery (Christiansburg, Va.) and medical lab deliveries (Wake Medical System, North 
Carolina), the U.S risks falling behind. Worldwide, several firms have formed partnerships that place 
them further along in passenger AAM implementation. Notable among these is a partnership between 
China’s EHang and cities in Spain and Austria to demonstrate eVTOL applications. Meanwhile, 
Germany’s Lilium has partnered with two Bavarian airports for development of eVTOL regional hubs. 
For U.S. manufacturers, without improved materials and processes certification, they risk falling 
behind these global competitors in meeting market needs. Moreover, the volume of aircraft forecast 
for commercial AAM and the speed with which it should be deployed are beyond what has been 
experienced in aviation thus far. 

Concepts for New Processes

The Defense Advanced Research Projects Agency (DARPA) made a run at cutting the time and cost of 
material qualification in the late 1990s.  The program was “Accelerated Insertion of Materials (AIM).”  
NIAR ran the composites side and AFRL ran the metals side.  

There are at least two concepts that would be beneficial to facilitate the material qualification process 
and ultimately support aircraft certification.

The first concept is modeling and simulation. Indeed, it has been a long-held ambition for researchers 
and academics to develop high-fidelity predictive models. In most situations, FAA regulation allows 
for two general means of compliance – test or analysis supported by test. Since testing is both costly 
and time consuming, the hope is that the industry can migrate away from extensive testing. These 
models need to be validated, however. It is reasonable to assume that the future state would involve 
representative models supported by limited testing. This would be true of certification testing outside 
of material qualification as well. 

One of the best examples of numerical simulations significantly offsetting the amount of actual testing 
required is the dynamic seat tests. The particulars are irrelevant to this paper, but the point is that 
a precedence exists within the FAA and European Union Aviation Safety Agency (EASA) to allow for 
simulations to meaningfully reduce the realm of possible testing scenarios. This could be applied to 
materials testing. 
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Another area of immediate need is that of a part-level qualification database. As discussed in 
Appendix 1 – Traditional Aerospace Qualifications Processes, extrapolating the results of coupon- and 
laminate-level tests is complicated and full of inadequacies. In fact, for engineering materials, these 
low-level properties are not necessarily representative abstractions of larger detailed parts. For this 
reason, additional tests are required, particularly at the top of the FAA build-block pyramid. Creating 
generic parts with basic geometries could be a way to simplify the process over material qualification 
and subsequent certification. 

An example of a shared database concept was presented by Germany’s Working Group for Composite 
Aircraft (Arbeitskreis Faserverbundflugzeuge – AFF), as presented to the EASA Structure Workshop in 
2017. Its functions and data sharing are not limited to composites, but for those includes shared base 
pyramid data and certain higher-level details (Waite, 2019). Using such a concept, common parts such 
as stringers or wing spars could be corroborated to a standard and form part of a properties database. 
As such, designers could use these fundamental design elements in their designs to reduce the total 
effort to qualify a material. In the context of AAM, one such example might be standardizing the rotor 
blades of the aircraft. 

Solution: Utah Aerospace Advanced Materials Center (UAAMC)
This white paper recommends the establishment of a new center of excellence, the Utah Aerospace 
Advanced Manufacturing Center (UAAMC) for aerospace advanced materials and advanced 
manufacturing, as a consortium of stakeholders, including military and commercial entities, academic 
researchers, regulatory agencies, plus the leading aerospace qualification programs under the 
National Institute for Aviation Research (NIAR). 

The UAAMC will work with stakeholders to find new streamlined methods for qualifying and certifying 
advanced materials and advanced manufacturing, including but not limited to:

• Qualification methods that recognize that a composite part’s mechanical properties can funda-
mentally vary with process parameters used during the cure cycle (e.g., different temperature 
and pressure profiles).

• Virtual qualification methods – a way to use more computer simulation for the qualification and 
equivalency process.

• Part qualification for common systems such as rotor blades. A streamlined process for part level 
qualification.

• Consideration for non-human carrying aircraft versus remotely piloted or autonomous aircraft.
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The Center will ensure that 
stakeholders’ efforts are 
organized in a supportive 
hierarchy that confirms 
these meet the 21st 
century needs of both the 
commercial and military 
market in compliance and 
cooperation with regulatory 
authorities. This starts 
with the base support 
of technical facilitators 
that include UAMMI, the 
National Association of 
Manufacturers, America 
Makes, Vertical Flight 
Society, and others. This 
support rises directly 
up through the leading 

aerospace qualification programs under NIAR and material suppliers to meet the demands of aircraft 
manufacturers. 

UAAMC will have adequate capital to undertake a mission to qualify and certify advanced materials, 
including composites, suitable for rapid introduction into critical supply chains that the USAF ORBS 
(military eVTOL), commercial eVTOL, and AAM aircraft developers are standing up. UAAMC will 
tackle this head on, deploying both private capital and funding from AFRL programs in the process. 
Based on our analysis, more than $1 billion will need to be invested in projects ranging from 
Technology Readiness Levels TRL-1 through TRL-9 to bring these new materials into the production 
and manufacturing of the next generation of USAF and commercial AAM. Through a public private 
partnership (P3), the plan will be to bolster AFRL funding with private capital sufficient to ensure a 
successful project launch and long-term outcomes in materials qualification and manufacturing.

The term “center of excellence” is precisely that. There is no regulation or official definition of a COE. 
A generally accepted description is a team, facility, or entity that provides best practices research, 
support. and/or training for a focus area. Those are exactly the activities that this paper advocates and 
that UAAMC would provide. It is important to note that the support activities go beyond the remit 
of entities such as institutes and research centers. UAAMC also differs from National Labs, whose 
activities are defined by the Department of Energy. 

Figure 4- Utah Aerospace Advanced Manufacturing Center (UAAMC) Facilitation 
Pyramid
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This section describes an investable plan for funding the qualification and certification of advanced 
materials for commercial and USAF aircraft through the UAAMC. 

The proposed structure for the $1 billion UAAMC 
investment fund is not novel. Federal loan 
guarantee programs have been successfully 
used for decades to support projects solidly 
in the national interest, but in need of credit 
enhancement to lower risks of private investment 
sources. This approach could be implemented 
within one calendar year, and in today’s 
environment with so much funding available for 
national infrastructure, the climate is perfect to 
request such support.

A key element of the plan will be to create 
a “sustainable” business model for UAAMC 
whereby license and royalty agreements can be leveraged to repay investments the center makes in 
innovative TRL level 1-9 projects. Up to $1 billion in funding, almost all from the private sector, will be 
teamed with grants and funding from AFRL.

Utah’s supplier network runs from the most fundamental building blocks in the supply chain to the 
manufacture of structural products and large aerospace assemblies. Utah has an opportunity to lead 
the nation by supporting strategic material and the domestic supply of materials critical for national 
security and modernization priorities. UDMC, through the USAF Agility Prime programs, can support 
testing and qualifying of new methods for manufacture, qualifying, and certification.

The downstream supply chain market opportunity for advanced materials is worth billions in 
revenues. As noted earlier, leading investment banks estimate AAM’s commercial supply chain value 
at more than $1.5 trillion. Hence, composite products that go into eVTOLs and other AAM aircraft for 
military and commercial markets will also be worth many billions. This is important as the expected 
royalty streams are needed to be sufficient to provide the sustainment effects called for in this 
scheme.

Figure 5- The Joby Aircraft shown in this image is an 
aluminum/ composite electric aircraft in FAA certification 
today. This type of eVTOL will revolutionize commercial 

helicopter markets and produce technological spin-offs of 
direct benefit to USAF programs
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Operational and Funding Structure

UAAMC Structural and Funding Considerations:

UAMMI is working with the Utah Congressional delegation to secure up to $45 million in funding 
through AFRL to support the UAAMC mission over three years. While generous on the surface, the 
funding challenge to stand up the UAAMC will take many times this amount to achieve success. A P3 
approach may make the most sense, attracting meaningful private capital to augment AFRL funding 
and guarantee resources.

Federal programs are readily 
available that can attract 
private capital secured by 
Federal Loan Guarantees. 
FLGs have been utilized 
by DoD, DOT, and DoE 
for projects serving as a 
partial bridge to long-term 
commercially sustainable 
programs, and where purely 
commercial debt/equity 
financing is not available 
(Brasher and Nickerson, 
2021). Technologies such as 
composites, batteries and 
production of their critical 

mineral inputs, carbon capture and sequestration, electric vehicle manufacturing, green hydrogen, 
and offshore wind and transmission infrastructure are expected to emerge as federal priorities. 

Establishing UAAMC with adequate capital can fulfill national goals, implement long-term license 
and royalty payment programs to repay loans and ensure long-term self-funding. Private equity and 
federally backed Loan Programs Office (LPO) debt financing can carry UAAMC through the commercial 
deployment funding gap to self-sustaining levels of commercial activity, with the added benefit of 
accelerating time to market.

Advanced materials, including composites and other material development programs, can achieve 
long-term viability managed as a portfolio with various TRL levels to balance risk, and structured 
through license and royalty agreements. Professional management will be required and up front, built 
into the operating and governance structure of UAAMC.

Figure 6- DoE LPO Debt Financing program and its role in compensating for the 
commercial deployment of funding gap period
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Securing FLGs is a process which requires Congressional and State Caucus support. Fortunately, Utah 
has a supportive Congressional delegation and its assistance in securing FLG legislative support will be 
instrumental. 

Avenues for securing loan guarantees for UAAMC are plentiful. For example: 

• DoE. Through its LPO, the DoE has more than $40 billion in loans and loan guarantees available 
to help deploy large-scale energy infrastructure projects in the United States. 

• DoD and DOT also have existing offices and current FLG programs such as the Transport Infra-
structure Finance and Innovation Act (TIFIA) program. 

• The recent infrastructure bill can also be tapped.

Specific federal legislation approving the FLG will also be needed. (See Appendix 1:  Summary of Office 
of Management and Budget (OMB) Guidelines for Federal Loan Guarantees.)

Figure 7- Proposed Utah Aerospace and Energy Materials Center - Funding Structure



UDMC Investable plan for a Utah Center of Excellence 

23

UAAMC: Funding Availability for Advanced Materials, Composites Projects

As shown in Figure 8, the UAAMC Fund will be carefully structured so that investment will be tiered, 
managed, and prioritized by TRL level and DoD Manufacturing Readiness Levels (MRLs) as well as 
commercial likelihood. Modest funding would be made available, in partnership or coordination with 
USAF labs, for low TRL level projects. The majority of funding would go to mid-level and high-level 
TRL projects. Royalties and license fees would be negotiated with partnering companies to provide 
attractive 10-year royalty Internal 
Rates of Return (IRRs), likely in the 
range of 10% or more. 

Partnering companies proposing 
their financial needs would apply 
for funding. UAAMC will request in 
advance royalty offtake agreements 
with manufacturing partners or 
customers. As shown in Figure 8, 
eligible projects can attract UAAMC 
project funding at any TRL level. 

The Department of Defense MRL 
criteria are grouped in to five major 
categories as shown in Figure 9.

The specific MRL levels within DoD fall 
within six different acquisition phases. 
Figure 10 provides a matrix that 
shows the corresponding relationship 
of these MRLs to TRLs. 

Figure 8- All TRL-Level projects would be eligible for application and 
funding under specific conditions and satisfying precursors such as 

license offtake agreements

Figure 9- DoD MRL Categories
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Milestones and Estimated Set-Up Costs

The steps illustrated in Figure 11 propose activities and milestones, as well as estimated set-up costs 
to stand up the funding mechanisms for the UAAMC Special Purpose Vehicle (SPV).

The Phase 1 activities would be heavily focused upon securing the needed legislation to secure the 
P3 SPV and provide statutory means with which to provide for the federal loan guarantees. Part of 
this would entail legislative policy guidance, and the drafting of term sheets for the material contracts 
that would mechanize the SPV and its working arrangements with the federal government. Efforts to 
develop and refine detailed financial models of the SPV’s long-term workings and cashflows would be 
followed by non-binding Limited Partner (LP) agreements with equity investors.

Figure 10- DoD Manufacturing Readiness Levels sorted by phase
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Figure 11- Three Major Phases of Activity to Establish and Fully Fund the UAAMC Special Purpose Vehicle

Phase 2 would focus on finalizing Limited Partner equity agreements and securing the loans that 
the SPV would require. Key to this will be the risk-sharing ratio as federal guarantees expect that 
the private sector will be the senior, and not subordinated, risk absorber. Final determination of the 
“Loan-to-Value,” or ratio of equity to debt, will be made by an agreed-upon federal agency’s credit 
council. In the end here, the UAAMC Business Volume (Business Plan) will define the investment 
incentive program and develop the full industry cost/benefit analysis supporting application and 
approval of the guarantee. 

Phase 3 involves standing up the UAAMC and SPV. Estimated costs for each phase of activity are 
detailed in Figure 11. Initial funding would come from UAMMI for Phase 1, while later phases would 
be borne by the (eventual) Limited Partners.
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UAAMC SPV – Governance and Management

The UAAMC Special Purpose Vehicle structure requires specific management and governance 
considerations as it has a significant fiduciary responsibility to oversee investment of funds provided 
by equity investors, with credit backing provided by the federal government. Entities doing business 
with federal or state governments must establish strong governance processes, win public and 
stakeholder confidence, gain political support, attract needed investment, and build financially and 
strategically viable organizations. The governance characteristics of the UAAMC will be designed to be 
“best in class”, thereby enhancing long-term value, and therefore should include:

• Oversight and Accountability:  The presence of an engaged Board of Directors, representing in-
vestors or independent of shareholders, dedicated to compliance, enterprise value growth, fiscal 
integrity, executive compensation, and risk management. Key governance considerations include 
clear authorities and physical separation of oversight functions from operational functions, in-
cluding finance, operational and administrative systems. 

• Structural Adaptability:  The corporate structure will likely evolve over a number of years. A 
responsive governance system should be flexible enough to meet changes in the supply chain, 
financial markets, competitive needs, and customer demands. 

Figure 12- UAAMC SPV - Governance and Management
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Operating UAAMC and its SPV will require the typical functions of an investment fund, with staffing 
level differences due to the unique nature of the projects to be financed and the diverse universe 
of customers in the near and medium term (predominantly smaller to mid-sized companies either 
in the Original Equipment Manufacturer (OEM) supply chain or aspiring to get there). The SPV’s top 
management intends to direct and oversee all functions of the fund and manage its relationships 
with equity investors, banks and lenders, portfolio customers, OEMs, supply chain providers, and 
regulators. They will also be in charge of approving customer financing and licensing programs 
according to pre-agreed-upon and documented criteria, such as portfolio management and risk/return 
parameters.

It will be vitally important to design into the organization a stakeholder voice. This will be 
accomplished through a Board of Advisors, with membership that includes experienced, competent 
individuals well-versed in the needs of both major stakeholders and the national security objectives. 
The Advisory Board will be chosen so that it is comprised of luminaries familiar to government and 
is expected to provide important information disclosures to stakeholders and promote transparency, 
integrity, and fairness. Advisory Board members will include individuals with strong ties to the global 
aviation, manufacturing, and technology sectors with demonstrated experience working on behalf of 
public and private companies and financial institutions.

Successful Similar Programs

In-Q-Tel

In-Q-Tel (IQT) is an American not-for-profit venture capital entity and Public Private Partnership which 
invests in high-tech start-up companies focused on supporting United States intelligence capabilities.  
In-Q-Tel is a Virginia-registered corporation, legally independent of the Central Intelligence Agency 
(CIA) or any other government agency. The corporation is bound by its Charter agreement and annual 
contract with the CIA, which set out the relationship between the two organizations. In-Q-Tel’s mission 
to support the Intelligence Community’s technical needs is promoted by the In-Q-Tel Interface Center 
(QIC), an office within the CIA that facilitates communication and relationships between In-Q-Tel and 
government intelligence organizations. 

While In-Q-Tel is a nonprofit corporation, it differs from the Intelligence Advance Research Projects 
Activity (IARPA) and other models in that its employees and trustees can profit from its investment. A 
Wall Street Journal investigation found that in 2016, nearly half of In-Q-Tel’s trustees had a financial 
connection with a company the corporation had funded.

In-Q-Tel functions partially in public; however, what products it has and how they are used is strictly 
secret. According to The Washington Post, “virtually any U.S. entrepreneur, inventor or research 
scientist working on ways to analyze data has probably received a phone call from In-Q-Tel or at least 
been Googled by its staff of technology-watchers.”
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In-Q-Tel sold 5,636 shares of Google, worth over $2.2 million, on November 15, 2005. The shares were 
a result of Google’s acquisition of Keyhole, Inc, the CIA-funded satellite mapping software now known 
as Google Earth. 

General Applications of Federal Loan Guarantees: Department of Energy

Federal Loan Guarantees are issued from time to time by federal departments and agencies, especially 
DOT, DoD, and DoE on a needs basis. Commercial lenders are often unwilling or unable to take on 
the risk of supporting the deployment of a new project or technology until it has a solid history of 
commercial revenues. As a result, the initial commercial deployment of new technology is often 
limited by a project developer’s inability to secure sufficient long-term debt financing to build the 
project. The U.S. Department of Energy is authorized to issue loan guarantees pursuant to Title XVII of 
the Energy Policy Act of 2005. Eligible projects for the Title XVII program have the following criteria:

• Utilize a new or significantly improved technology; 

• Avoid, reduce, or sequester greenhouse gases; 

• Be located in the United States; and,

• Have a reasonable prospect of repayment.

Case Study One Nevada Line

• Summary: In February 2011, the Department of Energy issued a $343 million loan guarantee to 
finance the One Nevada Transmission Line (ON Line) project, a 235-mile, 500 kV AC transmis-
sion line capable of carrying 600 MW of power to the grid running north-south between Ely and 
greater Las Vegas, Nevada.

• Tech Innovation: One Nevada Line utilizes tubular guyed-V transmission towers, which have a 
much smaller footprint than most traditional transmission towers and, therefore, have less of an 
environmental impact. In addition, the innovative three-piece design leads to easy and cost-ef-
fective construction.

• Economic Impact: One Nevada Line created 400 construction jobs. Approximately 90 percent of 
total project costs were sourced from within the United States, including equipment and labor.

• Climate Benefit: One Nevada Line brings growing wind and solar power generation in Wyoming, 
Idaho, and Nevada to California and other major-load areas. It also integrates northern and 
southern Nevada, which is critical to ensure the reliability and integrity of the Western grid for 
decades to come.
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NEXA Qualifications on Federal Loan Guarantees 

NEXA Capital Partners is a boutique investment bank focused on the aerospace sector - applying 
innovative finance, public private partnerships, corporate finance, M&A, private placements, and 
financial advisory. In the area of P3s and at times Federal Loan Guarantees, NEXA is best known 
for financing NextGen equipage, terrestrial and space-based ADS-B infrastructure for FAA, Iridium 
Communications, and the like. NEXA has successfully secured Federal Loan Guarantees for programs 
and has specialist capabilities available for projects such as UAAMC. 

NEXA has served small, mid-market and large aerospace companies since 2007. Recent projects 
involving FLGs and PPPs are described below: 

• NEXA succeeded in obtaining Five-Year Federal Loan Guarantees as part of the FAA Reauthori-
zation Act of 2012 Section 221. Public-Private Partnerships), in order to establish the NEXTGEN 
Equipage Fund, using a combination of equity investments (provided by ITT/Exelis, Airbus and 
L3 Communications) and secured debt totaling $1 billion. Section 221 of the Act provided “loan 
guarantees and other credit assistance designed to leverage and maximize private sector capi-
tal” for the provision of NEXTGEN equipage for commercial and general aviation aircraft.

• In November of 2018, NEXA established a partnership with Thales Air Traffic Management U.S. 
and American Infrastructure Funds who, together with NEXA, offered a $400 million financial 
package to replace the FAA’s aging DVT infrastructure Program (DVT stands for DME, VOR and 
TACAN). Over 650 navigation facilities remain important components of America’s airspace, 
providing a backup to GPS, and require modernization. FAA did not have the facilities and equip-
ment funding to undertake the replacement. The PPP is under extensive continuing review and 
consideration today.

Conclusions
Throughout the 20th century, the United States has been a super-power, politically and economically. 
Innovation enabled the nation to develop world-beating products and ensure military and economic 
vibrancy. In the 21st century, the technical know-how and ambitions of near-peer powers poses 
challenges to military readiness and increasingly creates a reliance on foreign products in emerging 
technologies. 

This comes at a time when the USAF is keen to leverage use of commercially viable products and 
develop a fleet of lower cost, attritable aircraft. Simultaneously, the nation’s cities – looking at ways 
to alleviate congestion and incorporate environmentally sound solutions – are making efforts to 
incorporate AAM into their transportation networks. In both the military and commercial cases, 
successful products that meet the combined demands of attritability, low cost, high production rates, 
and environmental benefit require the development of advanced materials and processes, both of 
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which require qualification and certification. In both cases, timing is critical because the U.S. risks 
losing strategic military advantage and the pressures on cities from congestion and environmental 
regulation will only increase over the next decade. 

Yet materials qualification and certification in commercial aerospace as it stands today is not able 
to meet the schedule that will be demanded in the future. Appendix 1 of this report details the 
many aspects of aircraft certification and various testing regimes. The thoroughness of materials 
qualification and certification processes helps ensure the safety of the military and the traveling 
public. No change in the materials qualification should change that. Yet there is the potential to 
more expediently bring new technologies online through virtual methods that make use of computer 
simulation and part qualification for common systems.

The commercial potential alone is compelling, with a base global addressable market for Advanced 
Air Mobility of $1 trillion by 2040, potentially rising to $4 trillion with proposed policy innovation. For 
Americans, this also means jobs – as many as 280,000 in an AAM sector that in the U.S. alone could 
generate $8 billion in tax revenue. In addition to urban and regional transport, AAM technologies 
will be used by all of the major package delivery firms – Amazon, FedEx, and UPS – all of whom will 
require large fleets. 

This high-volume, high value market – with a strong dual-use customer in the Air Force is rapidly 
developing. It contrasts with the complexities of the current material qualification and certification 
process. The complexities of that process make it financially daunting to the many small firms which, 
nevertheless, have potential for some of the most important innovations. For the U.S. to tap this 
potential, dedicated attention to enhanced certification processes and significant funding is needed.

That need will be met by the Utah Aerospace Advanced Materials Center (UAAMC). Working with 
industry stakeholders on a common goal, the UAAMC will have adequate capital to support over $1 
billion in projects throughout the TRLs to qualify and certify advanced materials into the production 
and manufacturing of the next generation of USAF and AAM. Through a public private partnership 
(P3), the Center will strengthen AFRL funding with private capital sufficient to ensure a successful 
project launch and long-term outcomes in materials qualification and manufacturing.
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Appendix 1 – Traditional Aerospace Qualifications Processes
While the qualification of new materials is vitally important 
in minimizing risk to both the manufacturers and end users 
for AAM, the traditional process is time-consuming and slows 
the integration of new materials into volume production. 
Traditionally, materials have been quantified by each individual 
Original Equipment Manufacturer (OEM) for their own 
applications. 

This has led to redundancies in the workload for the FAA and, 
in doing so, created bottlenecks in the manufacturing process. 
This can be seen when comparing the material qualification 
timeline of Boeing, a largescale aerospace OEM, to that of 
the general automotive industry. When looking at qualifying a 
new material system from an existing material this process can 
take up to four years, but when dealing with an entirely new 
material the process takes up to ten years (Furdek, 2011). 

By comparison, the automotive industry on average takes 
18-20 months for a new metal; for a new plastic or polymer 
composite this timeline decreases to around 5-7 months (Modi 
2016)). Not only does this process inhibit part of the aerospace 
supply chain, but it also creates a closed market dominated by 

big companies that can afford to qualify the materials themselves. 

The qualification process requires thousands of individual tests costing millions of dollars (Moylan 
2020). Smaller companies cannot afford to create other avenues for material qualification to expedite 
the process, but for the U.S. to become the leader in the AAM market it needs to stimulate a broad 
ecosystem (Lineberger et al., 2021). 

Centers like the National Center for Advanced Materials Performance (NCAMP) have stepped in to 
help alleviate the stress put on the FAA by working with them. Figure 13 displays a simplified version 
of the NCAMP qualification process. It shows a process that relies heavily on process control and 
oversight from their Manufacturers Advisory Board (MAB) which is a combination of representatives 
from the FAA, OEMs, Primes, and Tier-1 suppliers. 

Between 1995 and 2017, NCAMP and its predecessor, Advanced General Aviation Transportation 
Experiment (AGATE), were able to take part in the qualification process of 72 new materials (Ng 2017). 
Although this is an impressive accomplishment, it averages to less than four new qualified materials 
per year, which reflects the funding level provided to the effort and, of course, testing capabilities and 
capacity at any given time. 

Figure 13- Simplification of NCAMP 
standard operating procedure for materials 

qualification (Ng 2017)
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If the vision for AAM and attritable aircraft are to be fully realized, the qualification process for the 
aviation industry must undergo extensive innovation. For the most part, the qualification process can 
be separated into two main categories: military and commercial (Yancey 2021). For the military, the 
regulations dictating materials information is derived from MIL-HDBK-5 and MIL-HDBK-17. Further 
standards for airworthiness certification can be found in the MIL-HDBK-516C. (HDBK are military 
guidelines while MIL-STD are standards.) 

Currently, commercial domestic AAM regulations are not specifically called out but instead are 
dictated by 17 different FAA regulations between Normal Category Airplanes, Transport Category 
Airplanes and Transport Category Rotorcraft, not including any FAA Advisory Circulars. This gray area is 
currently navigated based on airspace and piloting methods though it is never stated outright in any of 
these regulations. (Yancey 2021). These aircraft must also follow foreign regulatory standards similar 
to those of the European Aviation Safety Agency (EASA) which has four additional regulations beyond 
the FAA’s. 

The main purpose of all these regulations is to create an environment of very low failure rates, but 
in doing so it slows down the process and slows down the creation of a new AAM industry. Recently 
both the FAA and EASA have been working with companies to certify AAM aircraft, and their approach 
is performance-based, using industry standards as a means of compliance with regulation (Warwick, 
2021). 

Material qualification will be a critical part of this new process, and innovation needs to continue if the 
United States wants to be the industry leader. 

Material Qualification for Commercial Aerospace
For aerospace, materials are often considered the key enabler for new product development. New 
materials facilitate novel designs for both the aerostructure and engines, and AAM is clearly no 
exception. Generally speaking, the goal for aerospace structures is durable, lightweight designs with 
superior performance in relatively harsh environments. This usually includes an extended operating 
life relative to other industries, such as automotive. As will be discussed herein, however, the material 
qualification process is not trivial. 

The primary challenge for aerospace is the extensive empirical evidence required by the regulatory 
authorities to certify designs, materials, and manufacturing processes. Designs need to be fully 
substantiated for both civil and military aircraft. This results in an Airworthiness Certificate, supported 
by a Production Certificate. In the process of qualifying a new material, different types of tests are 
required, as detailed below.

The first step in the process is a series of tests at the “coupon level.” These tests, which easily number 
in the thousands, serve as the fundamental basis for structural design allowables. These, in turn, 
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provide the requisite engineering margins-of-safety. The aim is to characterize not just the nominal 
material properties, but also the variability in those properties that can be expected in service. Well-
understood design and structural load limits are essential to guarantee safe design throughout an 
aircraft’s flight-operating envelope.

Finally, it is worth noting that these material allowables are different from design values, which are 
often also called design allowables. The latter are characterized later in the design process and involve 
important details such as part geometry and manufacturing process. As a result, design values/
allowables are more representative of the product’s engineering properties than the coupons.

Historically, aerospace parts were created from melting, pouring, forming, and then machining masses 
of metal that were basically homogeneous. Castings and wrought products have fairly well-understood 
grain structures which translates into predictable mechanical properties, especially since these 
technologies have evolved over the past several centuries. One notable exception is single crystal (SX) 
investment casting used for turbine blades. 

This technology was developed in the 1970s (Langston 2015) and is likely the best example of 
anisotropy for metals – the fact that mechanical properties such as tensile strength are much greater 
for a given direction. Arguably, wrought products (e.g., forgings and extrusions) also have a certain 
element of quasi-anisotropy. Yet, generally speaking, most metal parts are considered isotropic, 
meaning their mechanical properties are uniform in all directions.

This generic isotropy for conventional metals contrasts with an emerging class of engineered materials 
that are considered process intensive. The two most common examples related to aerospace are 
additive manufacturing (i.e., 3D printing) and composites; the latter includes polymer matrix and 
ceramic matrix (often reinforced with carbon fiber). Similar to the effects of thermal treatment on 
metal grain structure, additive manufacturing and composites are affected by processing temperature, 
among other input parameters. 

In the context of carbon fiber composites, for instance, changes in the processing temperature and/
or pressure can impact the properties of the final parts. This also relates to the resulting crystalline 
structure. The mechanics of a composite part, notwithstanding, are fundamentally different from that 
of a homogeneous metal part. The strength of a composite part depends almost entirely on its ability 
to carry the load (in tension) along the fibers. For this reason, plies of carbon include fibers arranged 
at various orientations relative to one another. 

These factors need to be considered during the fabrication of test coupons or test panels for material 
qualification. Indeed, pivoting from homogenous metals to engineered materials requires more 
ingenuity to accurately test and assess a material’s true engineering properties.

The following section provides more detail on these major certification and qualification processes.
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Aircraft Certification

Certifying an aircraft is extremely challenging. One of the fundamental objectives of obtaining a 
Type Certificate (TC) to ensure airworthiness is to substantiate the aircraft’s structural integrity. The 
engine has similar requirements, but also includes the challenges of creep and fatigue prevalent at 
elevated operating temperatures. For the purposes of this white paper, the focus will be limited to 
airframe materials (and the pertinent FAA regulations). These materials typically include high-strength 
aluminum and titanium alloys, and increasingly, carbon fiber composites. This trend is representative 
of both civil and military aircraft, globally. 

Civil and military aircraft require certification, including the details of the design and the 
corresponding production system. Continued airworthiness then requires additional compliance, 
such as the use of an approved supplier or product list and qualified maintenance personnel within a 
certified regimen.

The certification basis for military aircraft is defined by the U.S. Department of Defense (DoD) in 
military handbook (MIL-HDBK) 516C. Although the handbook is more than 500 pages in length, it 
provides only high-level guidance for airworthiness certification for each of the DoD’s three branches 
– the Army, Navy/Marines, and Air Force. It makes extensive reference to numerous military standards 
and regulations. Moreover, it routinely references the germane FAA regulations in 14 Code of Federal 
Regulations (CFR). 

The FAA uses 14 CFR to define the requirements for the various aircraft categories, starting with 
the general requirements in Part 21, entitled – Certification Procedures for Products and Articles. 
Specific categories are outlined in: Part 23 (Normal Category Airplanes), Part 25 (Transport Category 
Airplanes), Part 27 (Normal Category Rotorcraft), and Part 29 (Transport Category Rotorcraft). Each of 
these documents is similarly structured, with one exception, Part 23, that is highly relevant to AAM 
which was significantly rewritten in 2017 and has a fundamentally different format and approach.

Structural Integrity

As stated, the aerostructure’s integrity is underwritten by the material integrity. The relationship 
is greatly complicated by extensive mission criteria for both civil and military aircraft. In particular, 
a series of operating conditions as defined by the aircraft’s mission profile needs to be thoroughly 
interrogated. The challenge can be illustrated by MIL-HDBK-516C. The handbook does not fully 
characterize the complexity and rigor – including both test and analysis – required for structural 
substantiation, but nonetheless gives an idea of the depth and breadth thereof. Under Section 5 
“Structures,” the handbook lists “typical certification source data” that includes 50 disparate sources 
of information with entries that include such items as design criteria, stress analysis, and corrosion 
prevention -- the myriad of considerations in aircraft design.
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The text goes on to state that the verification methods include “analyses and inspection of 
documentation, wind tunnel tests, simulation, and flight testing.” And that compliance must be shown 
for each configuration at “all critical altitudes, gross weights, centers-of-gravity, thrust, power, control 
input variation, and payload conditions” (MIL-HDBK-516C, 63). This results in a substantially large test 
matrix, even after properly implementing a design of experiments (DOE). For this reason, it is easy 
to understand why hundreds of tests are required to validate material performance especially when 
considering an aircraft’s entire operating life.

Material Qualification

Material qualification is the process of validating new materials in terms of qualitative and quantitative 
measurement to ultimately support a standardized product which facilitates procurement (Ng et al., 
2017). In the process, well-defined procedures are established and subsequently documented to 
ensure consistent material properties. The result is a process control document (PCD) and various 
process specifications that support a controlled, fixed process. The PCD may be treated as company-
private intellectual property (IP).

Material qualification produces a large set of mechanical properties data, the extent of which is a 
function of various operating conditions. For example, one section might address the ultimate tensile 
strength of high-strength steel for a given load and temperature. Often, these databases have been 
funded by the aircraft (or engine) OEM in conjunction with the material supplier, resulting in a custom, 
proprietary database. The alternative would be a publicly available datasets, funded by NASA or the 
U.S. DoD, for example.

There are two primary public databases for statistically derived material properties in the United 
States. For metals, the handbook is Metallic Materials Properties Development and Standardization 
(MMPDS); and for composites, it is Composite Materials Handbook-17 (CMH-17). These handbooks 
were formerly known as MIL-HDBK-5 and MIL-HDBK-17, respectively. Use of CMH-17 for composites 
or MMPDS beyond traditional metals is challenging without access to the PCD For example, 
engineered materials such as polymer matrix composites (PMC) are well known to be process 
sensitive materials. Consequently, provenance and pedigree are essential (Bihlman 2021).

Typically, OEMs develop their own set of material allowables and stamp the data as proprietary for 
commercial offerings.  For military, the government generally owns the data, but that is governed by 
how the individual weapon systems contracts are negotiated.  However, just because the government 
owns the data, doesn’t mean it’s shared across programs.  Separate databases were generated for 
IM7/977-3 for the F-22 and F-35, and that’s with the same contractor.
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Operational Definitions

There are three critical concepts related to material qualification: Material Allowable, Material Design 
Values, and Material Equivalency. Within these, there may be such entries as ultimate tensile strength, 
sheer strength, elastic modulus, etc. While some say that a material’s properties don’t change, in the 
case of composites, different measured properties result when there are changes in the constituents 
or the processing method. The result is a distribution that can be described statistically. These values 
include (Ng et al., 2017):

Material Allowable: Statistically based material basis values (related to strength, stiffness, etc.) (i.e., 
A, B, and S-basis) that require either three or five batches of test coupons (for metals) or panels (for 
composites). This requires a fixed material (e.g., fiber and resin) and a fixed process. (A-basis is defined 
by 99% probability using a 95% confidence interval. Less stringent is B-basis that invokes a 90% 
probability using a 95% confidence interval. The generic appellation is T99 and T90, respectively.) 

Material Design Values: A comprehensive value used for the engineering margin-of-safety to design 
structures in compliance with regulations. This includes material allowables, plus adjustments due 
to the degradation from environmental factors (e.g., moisture and temperature) and processing 
anomalies (e.g., dry fibers within a composite laminate).

Material Equivalency: Once a material is demonstrated, the entire existing database may be used. 
This assumes that a material allowables database exists and the associated material and process 
parameters are clearly delineated. Depending on the dataset, an individual would only have to 
conduct one or two batch tests versus the original three or five. 

There is a progression, therefore, from material allowables to actual design values. The extent of the 
additional testing required is predicated on the complexity and criticality of the part.

Another important concept related to material qualification is statistical basis. The goal is to find 
the material’s “true” properties, but inevitably there are slight variations due to subtle changes in 
the manufacturing process. For this reason, multiple batches are tested, resulting in hundreds of 
data points. This scatter of data can often be approximated as a normal distribution. As such, it can 
be systematically evaluated in terms of the likelihood of additional (future) data falling within this 
distribution or profile. 

Progressive Structural Testing

The FAA has a well-established structural substantiation process. It is known as the “building-block 
approach,” and it is organized in the form of a pyramid that involves progressive interrogation. The 
material allowables form the base of the pyramid. The results from these initial tests using simple 
geometry coupons (for metals) and panels (for composites) are used to predict the behavior of more 
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complex structures. This is defined by CFR Part 2x.613 and in FAA parlance is called the “material 
strength properties and material design values.” Additionally, this is supported by additional 
regulatory guidance for a) feedstock (2x.603 – materials), and b) the production process itself (2x.605 
– fabrication method).

As previously explained, the FAA requires extensive 
structural testing. In the context of the building-
block framework, tests are required for the base of 
the pyramid (2x.613) and at the top of the pyramid, 
as prescribed by 2x.305 (strength and deformation) 
and 2x.307 (proof of structure). These tests include 
full-scale testing in order to corroborate the 
integrity of major assemblies. The interior portions 
of the pyramid include a combination of testing and 
analysis, yet neither are mandated by regulations.

Shared Materials Database

A typical material qualification process can take 
several years and cost millions of dollars (Yancey 
2021). For small, burgeoning AAM OEMs, this 
investment can be prohibitive. The alternative is a 
shared public database. 

As discussed, there are publicly available material allowables in the form of MMPDS and CMH-17. 
Nonetheless, in most cases, PMCs require knowledge concerning the PCD used to fabricate composite 
materials, and the process specifications used to manufacture the panels that generate the test data. 
A composite part’s mechanical properties can fundamentally vary with process parameters used 
during the cure cycle (e.g., different temperature and pressure profiles). 

In the United States, there is one organization that has developed a public shared database for 
material characterization. The National Institute for Aviation Research (NIAR), as part of Wichita 
State University (WSU), created the NCAMP organization in the early 2000s. This was an extension of 
an initial collaboration with NASA and the FAA to establish AGATE in 1995. One of the AGATE work 
packages addressed the shared database for PMCs. 

The AGATE effort reduced “the time required for certification of new composite materials by a factor 
of four and the cost of certification by a factor of 10” (wichita.edu). The AGATE database covers 
the original material qualification, material property data acquisition, and equivalency/acceptance 

Figure 14- FAA Building Block Approach for material 
and part substantiation (Source: FAA)
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processes. And similar to the AGATE program, NCAMP requires details including test plans, material 
and process specifications, conformity inspections for panel specimens and test setup, along with tests 
witnessed by an approved FAA representative (Ng et al., 2017). These data, in turn, can be submitted 
to CMH-17 for publication and use by members of NCAMP.

Material Qualification Ecosystem

As discussed, government regulation requires material qualification as the fundamental basis for 
aerostructure design allowables. This is foundational for the aircraft’s structural integrity. These data 
are extensively empirically based, although increasingly analysis is playing an important role. Several 
entities are involved in the complex process to develop and to maintain a qualified material system. 
The basic ecosystem is outlined below.

In general, the process is not entirely serialized as there is ongoing interaction/feedback amongst the 
entities, and many processes occur in parallel. For example, the regulators work closely with each of 
the organizations to help manage the process and maintain its subject-matter expertise. Nevertheless, 
the basic process follows this logic. 

The process starts with the requirements that are defined by the OEMs with input from the material 
suppliers. This is especially important for new material development. These expectations then flow 
down the value chain with each organization fulfilling an important role. The general responsibilities of 
each organization are delineated as:

Figure 15- Schematic of the aerospace material qualification system in the United States
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For the FAA, Issue Papers play an important role in the type certification process (FAA 2014). Each of 
the above-mentioned companies have submitted their FAA G-1 Certification Basis Issue Paper using 
14 CFR Part 23 as the basis. Specifically, the various subsections have been identified to “set forth” the 
specific Airworthiness and Environmental Standards subsequently required for FAA Type Certification. 

The next stage will be the G-2 Issue Paper that defines the means of compliance to the articles that 
were proposed in the G-1 Issue Paper. This includes the required testing (component, ground, and 
flight) and accompanying analyses necessary to fully substantiate vehicle safety. The relevance of the 
Issue Paper regarding the entire certification process can be seen in the figure below. Note that this 

step is about halfway down on the left-hand side of the figure, or roughly a quarter of the way through 
the process.

Figure 17- The typical stages of the Type Design approval process (FAA, 2017)

Figure 16- Companies who submitted FAA G-1 Certification
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Production Certificate
Government regulations require every aircraft to secure and maintain an Airworthiness Certificate. 
This certificate is preceded by the Production Certification as defined by Subpart F of Part 21, section 
183, part A. These requirements are delineated by Part 21 Subpart G (Production Certificates) that 
provides the general criteria for: a) the organization itself (21.135), and b) its corresponding quality 
system (21.137). 

In the context of material qualification, 21.137 addresses items such as design data control, supplier 
control, manufacturing process control, and inspection and testing. The section opens with a preamble 
explaining, “the production certificate must establish and describe in writing a quality system that 
ensures that each product and article conforms to its approved design and is in a condition for safe 
operation” (14 CFR Part 21.137). Consequently, any significant changes in material that would affect 
the aircraft structure must be reported and reconciled. In many cases, this could be an enormous task.

Many AAM OEMs have not fully internalized the significance of this provision. Most OEMs are 
building products without focusing on the production scenario. Notwithstanding, if the material 
system fundamentally changes – for example, pivoting from a conventional thermoset to a quick-
cure thermoset – there could be a substantial amount of recertification. For this reason, it is critical 
to design and build the aircraft with the same (or very similar) material system that will be involved 
during the high-rate production stage. It would therefore be essential to have quick-processing 
thermosets and thermoplastics qualified and available during the early design stages of aircraft 
development. This is just one scenario that underscores the need for innovation in advanced materials 
qualification.
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Appendix 2 – Summary of OMB Guidelines for Federal Loan Guarantees
In Circular A-129, the Office of Management and Budget (“OMB”) established Government-wide 
policies for federal credit programs. See OMB Circular No. A-129, Policies for Federal Credit Programs 
and Non-Tax Receivables, 65 Fed. Reg. 71,212-01. The key guidelines are summarized below.

1. The administering agency must outline the federal objectives the loan guarantee will achieve. 
Include: (a) whether the guarantee will correct a market imperfection or subsidize a particular 
group; and (b) any existing and potential sources of private credit and why a subsidy is nonethe-
less required. Id. at 71,214.

2. The administering agency must explain why a loan guarantee is the most efficient way to 
achieve the stated federal objectives. Id. 

3. The administering agency must provide an estimate of the amount by which the distribution of 
credit is expected to be altered and the favored activity is expected to increase. Id. 

4. The administering agency must provide an estimate of the effect of the loan guarantee on the 
private markets, attempting to minimize any such effect. Id. 

5. The administering agency must provide an estimate of the loan guarantee level and administra-
tive costs of the program. Id. 

6. A loan guarantee may not be issued for the purpose of guaranteeing federally tax-exempt obli-
gations. Id. at 71,214-71,215.

7. The guarantee should be for less than one hundred percent of the loan amount. OMB recom-
mends that the lender bear twenty percent of the risk of loss. Id. at 71,215.

8. Borrowers will pay interest and fees on the guarantee. Id. 

9. The Government’s guarantee will be a senior obligation. Id. 

10. The loan guarantee will be shorter than the estimated useful economic life of the equipment. 
Id. 

11. The interest rate will be set with reference to a benchmark Treasury security with a maturity 
similar to the loan guarantee. Id. 

12. Loan agreement documentation shall be in accordance with private sector requirements. Id. at 
71,216.

13. Loan guarantee agreements will contain standard commercial terms. Id. at 71,215. 

14. The borrower may pledge collateral to reduce the credit subsidy amount. Id. at 71,216.
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