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Introduction

ven before the 2026 U.S.-Israeli operation in Iran, expenditures of both offensive and

defensive munitions had begun to generate concerns about the depth and resilience of U.S.

inventories and production rates.! The increasing use of missiles as “weapons of choice”
led the Department of Defense (DOD) in early 2025 to make munitions production a department
priority. These efforts included the creation of a Munitions Acceleration Council (MAC), a pilot
program to accelerate contracting for munitions, provide “direct-to-supplier investment” in solid
rocket motors (SRMs) and other sub-tier suppliers, and execute multiple framework agreements
to substantially increase production.? The importance of this challenge is reflected in the 2026
National Defense Strategy, which noted that “Our fighting force depends on the [defense industrial
base] to produce, deliver, and sustain critical munitions.”

The need to accelerate production of munitions is a product of today’s threat environment, which

is increasingly characterized by an array of salient missile threats, causing the global demand for air
and missile defenses (AMD) to soar. This phenomenon has manifested in conflicts in Ukraine, Israel,
and the Red Sea.* Modern conflicts have seen an increased role for all types of missile-based strike,
which has created a persistent need for AMD interceptors in response. The challenges in responding
to this demand led one former official to characterize the Ukraine war as a “wake-up call” about
munitions production and supply chains.®

The need for such a wake-up call has since intensified. In the first 100 hours of Operation Epic
Fury, Iran fired over 500 ballistic missiles and 2,000 drones, requiring the United States and its
allies to expend large numbers of interceptors in response.® Less than a week into the operation,
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officials characterized the U.S. inventory of precision-guided munitions as “sufficient . . . for the
task at hand.” The question, however, is whether there is sufficiency for future conflicts.” U.S.
readiness for future conflicts will depend significantly on the ability to produce large numbers
of precision-guided munitions, especially long-range standoff strike missiles and air and missile
defense interceptors.®

The missile market has several characteristics that create both challenges and opportunities for
growth, many of which are common with other industries and some which are unique. Missiles
are composed of numerous components and subcomponents, which themselves often have a high
degree of complexity. The use of hazardous chemicals in missile components involves significant
government regulation of the manufacturing process. The complexity of missiles also increases the
challenge of managing the supply chains for multiple high-technology components. Rather than
managing subcomponents directly, DOD has leveraged the expertise of industry to oversee these
complex arrangements. This network of specialized subcontractors for missile-related technology
introduces risk, leaving the industrial base vulnerable to interruptions if critical nodes in the supply
chain fail. Persistent issues with supply chain components contained within common subsystems
such as SRMs, which have a role in every U.S. missile program, can thus disrupt the industrial

base and constrain DOD’s surge capability in response to crises. Inherent capacity for increased
production—even excess capacity—at many stages of production does not equate with resilience.

This arrangement poses a set of challenges and opportunities as the United States faces renewed
pressure on its missile inventories. Because much of the capacity for production of new missiles lies
outside of the organic industrial base, DOD can incentivize industry to build production capacity

in a way that can meet both parties’ needs. This will involve a balancing act among the efficient
spending of defense dollars, the demand for greater surge capacity, and industry’s business needs.

There remain three key challenges to increasing capacity. First, the single-customer market

has faced highly cyclical demand, a problem that has made it difficult for industry to have the
confidence to make long-term investments in infrastructure for expanded capacity. Recent funding
increases have come from less predictable supplemental appropriations rather than more regular
budget processes. Second, the government approach to industry prioritizes cost and efficiency over
capacity building, which can pose a challenge when the government looks to accelerate production
or create a broader and more diverse supply chain. The government has furthermore tolerated
relatively little innovation in design and manufacturing processes, a particular challenge for new
entrants. Third, the existing contracting structure, wherein the government purchases the final
assembled missile and relies on industry to manage sub-tier suppliers, has resulted in supply chain
opacity and risk.

The industrial base for SRMs and their subcomponents serves as a useful case study for managing
and scaling AMD interceptor supply chains. For SRMs, DOD has faced challenges acquiring the
number of systems that it requires, including industry consolidation, which was itself driven

by inconsistent and depressed demand signals. Inconsistent and cyclical demand from the
government customer has perhaps been the biggest limitation on translating latent or idle capacity
into throughput.
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Although the current AMD interceptor industrial base is insufficiently suited to supply DOD in a
protracted conflict with a high expenditure rate, considerable opportunities exist for improvement.
Recent conflicts have created momentum for substantial supplemental funding for these munitions.
Demand for AMD interceptors seems strong from both the U.S. government and allies and partners,
which incentivizes prime contractors to make investments in their sub-tier supply chains and

offers opportunities for new entrants. The current momentum for modernizing and improving
acquisition processes as well as expanding and employing capacity for critical munitions creates an
opportunity to consider reform, both in acquisition and contracting.

Solid Rocket Motors for Missile Defense | 3



Characteristics of the
Missile Industrial Base

rowing attention to the munitions industrial base suggests the need for an assessment

of its characteristics and condition. The complex nature of modern missiles, their lack

of commercial analogs, and the way that the U.S. government buys its missiles all have a
considerable impact on the overall industrial base. Understanding these characteristics allows for
a better explanation of the challenges the industry faces and helps illustrate realistic opportunities
and pathways for expansion.

One characteristic of the missile industrial base is a supply chain that must contend with numerous
types of hazardous materials. Even hit-to-kill missile defense interceptors, which do not feature
traditional explosives in a warhead, still rely on focused combustion from their rocket motors to
create propulsion. Building large numbers of these missiles thus requires industrial facilities that are
capable of safely handling large amounts of combustible and explosive materials. When this goes
wrong, the consequences can be severe, even at a relatively small facility.®

As a result, key industrial facilities in the AMD interceptor supply chain face extensive safety
regulations and low fault tolerances. Any facility handling Class 1 energetics category materials
requires large blast-hardened structures, remote operations, and extensive safety zoning.\

That makes building new infrastructure not only capital-intensive but also subject to multiyear
environmental and permitting timelines under DOD and local regulations. Building new facilities
or expanding existing ones is thus subject to cross-cutting reviews by multiple levels of government
and across multiple agencies. These concerns often push SRM production facilities far away from
major population centers (Figure 1).
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Figure 1: Selected SRM Manufacturing Facilities
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In addition to requiring the use of many explosive materials, modern missiles have much

more extensive supply chains than munitions produced for prior conflicts. Rather than being
propelled by guns, modern missiles require their own propulsion units in the form of complex
rocket motors. Covering the ranges demanded of modern missile capabilities requires large and
complex missile propulsion systems, often staging together multiple rocket motors into a single
missile structure. The need for precision guidance only compounds the technical complexity,
adding electronics and communications devices to provide the missile with in-flight data

feeds from multiple sources. These components also need to be hardened against electronic
warfare and jamming effects, which have presented problems for some lower-cost munitions on

modern battlefields.?
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How Solid Rocket Motors Are Made

Solid rocket motors (SRMs) consist of five main components: cases, thermal insulation
layers, nozzles, igniters, and propellant.” The SRM manufacturing process is comprised of
eight steps, each involving complex and specialized materials and sub-processes: propellant
mixing, curing, casting, assembly, X-ray inspection, testing, coating, and painting.

Solid propellant is a mix of fuel and oxidizer compressed and packed into a solid cylinder.*
In missile production, solid propellant is commonly produced via the batch-mixing
process.” During the mixing stage, the propellant ingredients are ground to reduce particle
size and then mixed in large bowls to form a thick, semi-fluid mixture.!

The viscous liquid is then poured into the rocket motor case. During this casting process, a
mandrel, sometimes a large cylindrical rod, is sometimes placed down the center of the rocket
case to help the propellant form and create a hollow chamber in the center of the motor."”
When pouring the propellant from the mixing bowl into the casing, a specialized device is used
to remove the air from the mixture to ensure the propellant can cure and bond properly.®

The propellant is inserted into the case using a funnel with a valve to control the flow rate.”
The size and type of equipment used during the casting process depend on the size of the
rocket motor case.

The motor is then cured, during which the propellant hardens into a stable, rubber-like
grain.?’ The curing process allows the propellant to bond to the liner and case while
retaining the internal shape formed by the mandrel.? A controlled baking stage may follow
to complete hardening, stabilize the grain, or prepare the motor for inspection. The curing
stage may, depending on the size of the cast, take 3-14 days to fully cure, although there are
ways to speed up the process.?> Once curing is complete, the mandrel is removed, leaving
the internal hollow port that controls how the motor burns.?

The motor then moves to assembly. Technicians install or attach components such as the
nozzle, igniter, closures, seals, joints, skirts, and external fittings.?* The nozzle directs
exhaust gases and helps generate thrust, while the igniter initiates combustion when

the motor is fired.? Assembly also includes checks of seals, interfaces, and mechanical
connections to ensure the loaded motor can withstand storage, transport, and launch.?

After assembly, the motor undergoes extensive nondestructive inspection, particularly
X-ray inspection.? X-rays are used to identify internal flaws that cannot be seen from the
outside, including cracks, voids, porosity, debonds, foreign material, or separation between
the propellant and case liner.?® Additional inspections may include dimensional checks,
visual inspections, bondline evaluations, and material verification.? Internal defects can
alter the burn pattern or create structural weaknesses.>°

Before acceptance, SRMs also undergo a tailored set of inspections and tests. These may
include leak checks, pressure-related inspections, electrical checks, igniter continuity
checks, environmental exposure tests, vibration and shock tests, thermal cycling, and

Rumbaugh and Karako




material lot testing. The test matrix is not identical for every motor; it is determined

by program requirements, motor size and application, expected storage requirements,
and whether the motor is new or already qualified.*> Developmental motors may be
static fired to mature the design and identify problems, while qualification motors are
flight-representative test articles used to prove that the final design, manufacturing process,
and assembly procedures meet required specifications.** SRMs are generally single-use
systems—with the exception of some rocket boosters which can be recovered—meaning
actual flight motors destined for missiles are usually not static fired. Instead, qualification
motors or lot-acceptance motors are fired to verify thrust, burn time, pressure behavior,
and structural performance.** Production motors are then accepted only after they meet
required inspection, documentation, and performance standards.>*

In the final stages, the motor receives protective coatings and paint. Internal coatings,
liners, and inhibitors help manage heat transfer and control which propellant surfaces
burn.3¢ Exterior coating and paint protect the motor from corrosion, moisture, handling
damage, and environmental exposure during storage and deployment.*” Once painting
and markings are complete, the motor is packaged, documented, stored, and prepared for

integration into a missile, launch vehicle, or booster system.
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Figure 2: Solid Rocket Motor Production Process

0 é E : Propellant mixing: Fuel oxidizers, binders, metal powders, stabilizers,

curing agents, and burn-rate modifiers are mixed in large mixing
bowls to form a thick slurry.

e Casting: The slurry is poured into the rocket motor case. A cylindrical
rod is placed in the center to create a hollow chamber. The rod is
meant to create a hollow port that controls how the motor burns.

Curing: The motor is then placed in, depending on the size, an
electrically or steam-heated oven to cure. The process turns the
slurry into a stable, rubber-like grain that can be shaped into the final
motor shape.

Assembly: After the motor has cured, technicians install major
Emm[) components such as the nozzle, igniter, closures, seals, joints, skirts,
and external fittings.

X-ray inspection: X-rays are used to identify internal flaws, including

;’“‘ cracks, voids, porosity, debonds, foreign material, or separation
@ between the propellant and case.

[~
]

G Testing: The motor then undergoes a series of tests to include leak
checks, pressure-related inspections, electrical checks, igniter

continuity checks, environmental exposure tests, vibration and
shock tests, and thermal cycling. Each batch also undegoes lot

testing, in which one motor from the batch is test-fired for reliability.

a Coating and painting: The motor then receives protective coating
g % and paint to protect the motor from corrosion, moisture, handling
m damage, and environmental exposure. Lastly, the motor is marked

with proper identification.

Source: CSIS Missile Defense Project.

Much of this complexity is the cost of building relevant capabilities for modern battlefields. This

is particularly true for AMD interceptors, which must keep up with the technical characteristics of
the missiles they intercept while simultaneously being precise enough to hit a moving missile-sized
target. The demanding technical characteristics of these systems lend themselves to very strict
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requirements for every subcomponent, since even a small variance in the behavior of a component
can have a significant impact on mission effectiveness.

While missile supply chains are far less complex than those for ships or aircraft, even

critical subcomponents can have sprawling supply bases. For example, a 2017 Government
Accountability Office (GAO) study of the SRM supply base estimated that more than 1,000
suppliers are involved in various stages of the process, a figure that represents significant
consolidation over the last 20 years (Figure 3).?® These suppliers vary considerably in both size
and sector, including chemical production companies, producers of processed materials, and
traditional defense companies.

Figure 3: Solid Rocket Motor Supply Chain
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Source: Government Accountability Office.®®

Missile supply chains also have considerable overlap between suppliers, especially into lower tiers
of the supply chain. Rather than spreading out like a pyramid from the defense primes that are
contracted to produce the final interceptor missiles, these supply chains are more like a diamond,
where many of the middle-tier suppliers of important components go to many of the same suppliers
for their materials. A Govini analysis of the supply chain for five interceptor missile programs shows
this arrangement clearly (Figure 4). At Tier 2, supplier overlap between the missiles is relatively
manageable, with a majority of suppliers only working on one or two missile programs. At Tier 3
however, the supply chain diversity reduces considerably, with over 80 percent of Tier 3 suppliers
contributing to at least four of these critical missile programs.
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Figure 4: Overlapping Suppliers in Air and Missile Defense Critical Munitions
Supply Chains
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Source: Govini.

A third feature of the missile market, like many others, is that while DOD does have some
interaction with subsystem suppliers, it generally purchases completed missile systems. Among
missile-related product and service codes, nearly 65 percent of the contracted obligations between
2000 and 2025 have gone to completed missile systems (Figure 5).° Roughly 20 percent of the
product and service missile contract obligations have gone to components and subsystems, with
most of the rest going toward maintenance and services contracts.
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Figure 5: Missile Product and Service Categories with Percentage of Obligations,
FY 2000-FY 2025

Guided missile and Other (5.4%)
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(8.4%)

Guided missile
components (15.6%)

Note: The combined figure for “Guided Missiles” and “Guided Missile Systems, Complete” is not consolidated because of
changing labels of product and service codes over the course of the data time period.

Source: Federal Procurement Data System (FPDS); and CSIS analysis.

As aresult, DOD delegates much of the responsibility for supply chain management to the prime
contractors that integrate the completed missile system. As Figure 6 shows, most DOD contract
obligations go to the Big Five defense contractors (Lockheed Martin, RTX, Northrop Grumman,
Boeing, and General Dynamics), who then subcontract for the various components they need for
the completed system. While DOD does collect some data on these subcontractors, its data is much
less comprehensive, making it difficult to even describe the full extent of the supply chain through
publicly released data.
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Figure 6: Federal Procurement Data System Missile Contracts by Vendor Size,
FY 2000-FY 2024
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Note: Vendors are categorized into “Small,” “Medium,” and “Large” based on data reported to the FPDS database and additional
revenue-based criteria. The “Big Five” category includes Lockheed Martin, Boeing, RTX, Northrop Grumman, and General
Dynamics, which have been given a separate category due to their system integrator function and consistent market share.*

Source: FPDS; and CSIS Missile Defense Project.

This characteristic of the missile market might be shifting somewhat, however, with DOD
increasingly investing money into subcomponent suppliers to alleviate bottlenecks to munitions
production. The $1 billion direct-to-supplier investment into L3Harris’ SRM production facilities
suggests a new initiative to provide funding directly to suppliers of key subsystems from larger
industrial base funds.*? This harkens back to previous investments from the Cold War, in which
DOD was much more involved in direct production of munitions subcomponents in addition to
completed missiles.*

Another significant trend is the considerable growth in dollars obligated for missile-related products
and services (Figure 6). After many years of flat demand, an upward trend began in 2018, growing
to nearly $30 billion in 2020 (in 2023 dollars). After two years of relative contraction, the market
bounced back in 2023 and 2024 to nearly $25 billion (in 2023 dollars). While the 2025 contract data
is not yet complete, it will likely reflect continued growth of this market segment. This data also
does not include research and development contracts, which are not classified as clearly by the type
of capability.
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This growing DOD contracting activity is critical because the final key characteristic of the missile
market is that it is almost entirely defined by government demand. While some subcomponents
and materials have applications in commercial sectors, many missile parts are unique to the
sector. Whereas ships, airplanes, and even small arms ammunition all have closer commercial
market analogs, demand for many missile components is driven exclusively by DOD and other
foreign militaries. As a result, when government demand drops, the market for many of these
components evaporates.

The closest commercial market analog to missile capabilities is space launch, which also uses large
rockets to propel heavy objects. Two critical factors, however, undermine this sector’s ability

to serve as a backstop for demand for guided missiles. The first issue is NASA’s 2011 decision to
retire its Space Shuttle program, which eliminated a major source of demand for SRMs and their
components. A 2017 GAO estimate found that this decision cut yearly demand for SRM propellant
from about 20 million pounds to 5 million pounds.* The facilities that had been used for the shuttle
motors, as well as others, still retain latent capacity that is not being tapped by customer demand.

The second issue is that, in contrast to the missile market, most (but not all) space launch vehicles
use liquid propellants rather than solid due to the different demands of the sector.*® Liquid-fuel
missiles are difficult to transport with their propellant and oxidizer load in the missile due to the
volatility, so they are often fueled shortly before launch.*¢ This differentiation creates additional
logistical and operational barriers to military use. Military applications usually prefer solid-fuel
missiles because they can be launched without waiting to fuel at the launch site and because they
are more stable during storage. Many of these constraints do not exist in space launch, where
launches are planned far in advance. Liquid propellants also make it easier to throttle the fuel that
runs through a rocket engine, as well as increase efficiency, which is critical to the reusable launch
vehicles that have revolutionized space launch economics.*

One positive trend for the missile industrial base is that government demand has grown
substantially in recent years. Multiple global conflicts have featured heavy missile usage, most
notably the Russian invasion of Ukraine and Israel’s 12-day war with Iran. These conflicts have
driven governments around the world to invest heavily in their missile arsenals, both to replace
weapons used by or transferred to combatants and in response to operational lessons.

Figure 7 shows the defense budget trends for anti-armor/anti-personnel missiles, conventional
standoff missiles (defined as those with a maximum range of 70 km or more), and AMD
interceptors—three categories of munitions that use SRMs. The appropriated dollars for these
missiles, which serve as a measure of government demand for conventional missile capabilities,
previously peaked at a combined $29 billion (2027 dollars) in 2024. This includes relatively
consistent demand growth, particularly for AMD interceptors and standoff missiles. The compound
annual growth rate was 7 percent for the AMD interceptor portfolio and 14 percent for standoff
missiles between 2009 and 2026. The 2027 budget request includes over $73 billion of funding for
these missile programs between its requests for both mandatory and discretionary appropriations,
which would constitute a substantial demand spike if approved by Congress.
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Figure 7: Missile Modernization by Type, 2009-2027
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Source: DOD Comptroller; and CSIS Missile Defense Project.

This surge in demand has translated into considerable growth in the projected capacity of the
industrial base. Figure 8 shows the DOD data on projected delivery timelines for important AMD
interceptors and illustrates how this investment has translated into growth. DOD expects delivery
of over 2,100 interceptors in calendar year 2027, a 70 percent increase compared to the nearly
1,300 interceptors delivered in 2021. Considerable increases in Advanced Medium-Range Air-to-Air
Missile (AMRAAM) and Evolved SeaSparrow Missile (ESSM) deliveries are driving much of this
projected surge.
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Figure 8: Selected AMD Procurement Deliveries by Interceptor, FY 2018-FY 2025
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Source: DOD Comptroller data, updated through the PB 2026 budget request; and CSIS Missile Defense Project.

These figures may understate the throughput the AMD interceptor industrial base can currently
handle. Data on the number of Patriot Advanced Capability-3 Missile Segment Enhancement
(PAC-3 MSE) interceptors procured using Ukraine supplemental funds in 2023 was classified,
meaning their delivery schedules are also not included here.*® Using the unit cost data for
unclassified missiles from that year along with the total appropriated funding suggests that there
are roughly 375 additional PAC-3 MSE interceptors scheduled for delivery, although the timeline
is harder to predict. What is clear, however, is that increasing demand and funding for AMD
interceptors is now translating into increased industrial output. Sustaining that demand will be
necessary to sustain investment and continued output.

Conclusion

Despite these recent increases, this output falls far short of announced DOD targets for future
AMD interceptor production. As part of its announced framework agreements for a munitions
ramp, DOD has established annual production targets of at least 1,900 AMRAAM, more than 500
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Standard Missile 6 (SM-6), 2,000 PAC-3 MSE, and 400 Terminal High-Altitude Aerial Defense
(THAAD) missiles per year while also increasing the production capacity for SM-3 Block IB and
ITA interceptors.*® Achieving these goals will require dealing with myriad challenges to increasing
interceptor production. These numerical goals were set, moreover, prior to the commencement
of Operation Epic Fury, which could necessitate greater urgency and the demand for still higher
production rates to replenish interceptors expended in early 2026.
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Challenges to Building
the Munitions Ramp

s DOD looks to build a sustainable munition ramp for AMD interceptors, the Pentagon

faces three primary challenges: (1) the cyclical nature of demand in the missile market,

(2) the existing approach to industry that prioritizes cost and efficiency over capacity,
and (3) DOD’s lack of visibility into sub-tier supply chains. Understanding these challenges and
implementing appropriate policies to mitigate the barriers they present will be essential to DOD
success in developing a productive relationship with prime contractors and building a robust and
responsive AMD interceptor industrial base.

Cyclical Funding for Munitions

As previously mentioned, the missile market in general has consistently been characterized by
cyclical demand, which creates a challenge for the AMD industrial base. As one study summarized,
“It is difficult to match supply and demand when demand can change much faster than supply.”>°
Munitions spending has fluctuated considerably over the last 20 years, in both positive and negative
directions. Munitions demand is cyclical for two primary reasons: defense budget dynamics and the
nature of munitions procurement.

The first driver of the pattern is the cyclical nature of the overall defense budget in response to
shifting political and operational priorities. This trend is not unique to the current period. In fact,
munitions production has often faced considerable fluctuations in funding tied to overall defense
spending levels. A 1977 Army study on munitions mobilization observed that “Cuts in budgets, cuts
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in resources, and priorities of other social and economic programs leave very little resources for
mobilization planning.”!

DOD procurement funding has seen big swings since the end of World War II, driven by either
direct conflicts or major defense buildups during the early 1980s (Figure 9). Notably, the more
recent conflicts in Iraq and Afghanistan saw much larger growth in operations and maintenance
funding than procurement increases. This suggests that while the United States has been involved in
conflicts for most of the last 25 years, this cycle of increased defense spending did not translate into
significant funding across the munitions industrial base, particularly for AMD interceptors.

Figure 9: DOD Total Obligation Authority, FY 1948-FY 2023

Total obligational authority in 2025 dollars

400B

350B Operation
and
Maintenance

300B

250B

2008 Procurement

150B RDT&E

100B

50B
FY 1948 1962 1976 1990 2004 2018

Source: DOD Comptroller; and CSIS Missile Defense Project.

Most recently, the Budget Control Act created downward pressure on demand for missiles,
munitions, and AMD interceptors. Procurement and research, development, testing, and evaluation
(RDT&E) funding since 2009 shows how this has affected the air and missile defense and missile and
munition portfolios. This data shows a recent trough in spending on both capability sets between
about 2011 and 2016 (Figure 10). This corresponds with overall declining modernization spending,
mostly caused by defense budget caps that led to considerable cuts to modernization of aircraft

and vehicles as well.?? The DOD Acquisition Transformation Strategy notes this fluctuation has been
particularly severe for munitions, “where programs have historically been decremented to cover
shortfalls on other programs resulting in wide ranging procurement quantities year over year.”>
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Figure 10: Department of Defense Modernization by Platform
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Source: DOD Comptroller; and CSIS Missile Defense Project.

A recent Army Science Board highlighted this trend, stating that “[r]esponding to fiscal cuts in 2010,
the Army accepted risk with munitions production.”® While its conclusions were limited to Army
programs, the challenges it identified for munitions programs apply across the board. The board
later observed that, “When projections and programmed funds for munitions form a wavelength
... there are no steady and predictable levels of production, costs increase, and timelines grow.”>
Lean budget environments are especially bad for munitions budgets because cutting a few
munitions offers a means to find distributed savings compared to cutting an entire ship or airframe.
That ability to shave munitions budgets by rounds has made them a regular billpayer.

Even the recent surge in munitions funding offers challenges to building the industrial base. A
large part of the recent upswing in funding for guided missiles stems from supplemental funding
for military assistance to Ukraine and Israel and the recent reconciliation bill (Figure 11). While
this approach may be a reasonable response to overall congressional dysfunction, their nature as
non-standard appropriations raises questions about the durability of the investments. Because
the funding is short term and requires abnormal legislative maneuvering, it may not incentivize
industry investments in durable production capacity. Industry might be less inclined to invest in
production facilities or hire and train the additional workforce to staff them if they perceive it will
be idle when supplemental funds run out.
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Figure 11: Missile Spending by Funding Type
Total obligational authority in 2027 dollars
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Source: DOD Comptroller; and CSIS Missile Defense Project.

This also highlights that the task of sending a consistent demand signal falls not only to DOD,

but also to Congress in its appropriations role. Years of continuing resolutions and occasional
shutdowns, mostly unrelated to defense spending issues, have affected the defense industrial base.
The impact falls especially on smaller firms at the lower tiers of the supply chain. While large firms
have the capital and cash flow to withstand contract delays, uncertainty from appropriations delays
can be existential for smaller firms that operate on tighter margins.>

This inconsistent demand also creates challenges because of the past lack of new-start interceptor
programs. Some new programs of the last 20 years have primarily consisted of improvements to
existing interceptors, such as the first increment of the Indirect Fire Protection Capability (IFPC),
which uses the AIM-9X Sidewinder and the Hellfire Longbow missiles.>” DOD is taking some steps to
alleviate this challenge by holding a competition to develop a new interceptor for IFPC Increment

2 designed to counter supersonic cruise missiles.*® The absence of new-start programs has reduced
opportunities to integrate and test new technologies and suppliers. When new programs begin,
they serve as an opportunity for DOD to test out new suppliers, qualify new components, and
update manufacturing technology. A lack of these opportunities has likely contributed to some
industry consolidation.
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Government-Industry Relationship and Incentives

In addition to the inconsistent demand signal, there are other challenges in the relationship
between government and industry that hinder production of AMD interceptors. Both sides of

this relationship have strong incentives to minimize cost and maximize efficiency, which often
comes at the expense of building and maintaining capacity that could prove valuable in a wartime
environment. The nature of the missile industrial base also requires engagement with multiple
levels of government, requiring industry to navigate relationships with multiple federal and local
agencies that do not always coordinate effectively.

The Pentagon is incentivized to pursue industrial efficiency and decreased costs because of its
accountability to the American taxpayer. The need to be able to explain how DOD spends the
public’s money also creates some of the impetus behind the maze of regulations governing defense
acquisition. Navigating this complex set of regulations and statutes creates challenges to speedy
contracting actions, creating challenges for all defense contractors, especially for smaller and newer
suppliers, which may not have the experience or large teams to manage the process.*

Industry has incentives to behave in a similar way. The prime contractors are public companies

that are legally obligated to be responsive to stockholder interests. Facing an imperative to turn a
profit and minimize costs, industry similarly focuses on maximizing efficiency and avoids building
in spare capacity in its facilities and supply chains without an adequate business case that supports
investments, as the cost would cause upward pressure on price per missile at reduced quantities. As
a GAO study noted in 2017, “excess capacity keeps SRM manufacturers from being cost competitive,
which can jeopardize the viability of the manufacturers as well as their sub-tier suppliers.”s®

This structure has historically created problems when industry faces exogenous shocks that
introduce uncertainty, as seen during the Covid-19 pandemic when changes in delivery times had
wide-ranging ripple effects across the industrial base.5'

These competing incentives can undermine government attempts to accelerate production through
concessions to industry. For example, the government has increased its use of undefinitized
contract actions to try to alleviate some of the delays in the contracting process by allowing work to
start before final details are agreed. Nevertheless, the Army has found that the fear of later audits
that would disallow certain costs from compensation has undermined its use.5?

Another challenge in the government-industry relationship is the nature of the supplier qualification
process on missile programs. DOD requirements for safety, reliability, and performance often

lead to a very high bar to qualify alternative suppliers for components, making it challenging for
industry to truly diversify the supply chain. Qualifying new components, processes, or materials
requires additional testing and potentially the requalification of the entire missile, an expensive

and time-consuming process.% This gives producers of subcomponents that are already qualified

a significant incumbency advantage, as the government does not need to continually pay to

qualify those parts.
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Table 1: Population at Select Current and Planned SRM Manufacturer Locations

Population within a

Company Site 50-mile radius*
Anduril McHenry, MS 784,216
Avio USA Hurt, VA 1,283,113
Castelion Midland, TX 406,686
Castelion Rio Rancho, NM 964,558
Firehawk Crawford, MS 286,261
General Dynamics Camden, AR 186,213
L3Harris Camden, AR 192,133
L3Harris Orange County, VA 2,097,590
Nammo Defense Systems Perry, FL 275,877
Nammo Defense Systems Indian Head, MD 6,937,190

(Naval Surface Warfare Center)

Northrop Grumman Rocket Center, WV 649,265
(Allegany Ballistics Lab)

Northrop Grumman Promontory, UT 675,269
Northrop Grumman Bacchus, UT 2,604,337
Northrop Grumman Elkton, MD 6,986,466
Prometheus Energetics Crane, IN 632,444
Ursa Major Galeton, CO 1,430,153
Ursa Major Berthoud, CO 3,497,188
X-Bow Systems Socorro, NM 59,657
X-Bow Systems Luling, TX 2,526,595

Note: Total population estimates were calculated using the Missouri Census Data Center (MCDC) Circular Area Profiling System
(CAPS), which measured the population within a 50-mile radius of the facilities based on 2020 U.S. Census block-level data.
Source: CSIS Missile Defense Project; Missouri Census Data Center; and U.S. Census.®
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Weapons requirements are not the only barrier industry faces from government in building
industrial capacity to produce AMD interceptors. Industry efforts to build additional capacity also
face considerable federal environmental regulation as well as state and local siting and construction
policy that can take time, cost, and effort to navigate.% This regulatory caution is exacerbated by the
safety hazards associated with many components of AMD interceptors, particularly in propellants
for SRMs and explosives for warheads.

These hurdles create additional challenges to maintaining industrial capacity, especially when
demand is inconsistent. Since many of these facilities must be built away from population centers,
finding the workforce to staff them is difficult, especially on short notice (Table 1).¢ Companies can
invest in local job training and other efforts to create the skills necessary in the local population, but
these efforts take a considerable amount of time to bear fruit.

Training these new employees often takes a long time, considering many of the hazards and
special equipment involved. An Army munitions study estimated the average line worker at
a munitions facility takes two years to be fully effective. For energetics, that timeline extends
to seven years.5’

Supply Chain Management

The structure of the AMD industrial base that delegates supplier management to industry inherently
limits DOD’s visibility and ability to mitigate bottlenecks in the sub-tier supply chain. In its industrial
base analyses of the munitions sector, DOD has consistently identified lack of supply chain visibility
as a problem, making it difficult to address shortcomings before problems arise.®®

There are two main reasons for this opacity. First, the number of complex, unique subcomponents
in guided missiles poses an inherent challenge for managing the supply chain. As missiles become
more complex, it becomes increasingly difficult to track and manage inputs for a growing number
of specialized parts that are themselves comprised of a number of distinct components with their
own supply chains. Second, the relationship between DOD and industry, as currently envisioned,
assigns responsibility for sub-tier management to industry. Part of the value industry provides in this
arrangement is expertise in the supply chains underlying their final product, a problem sometimes
exacerbated due to intellectual property limitations. With sustained demand from the customer, the
incentives for management can be better sustained.

SRMs serve as a useful case study for the supply chain challenges facing the AMD industrial base.
SRMs are a major subassembly common to nearly all interceptors and illustrate the challenges DOD
and industry face managing sub-tier supply chains.

The SRM supplier base has consolidated since 2000 and has been characterized as having a
hollowed-out or less experienced workforce and single points of failure at the sub-tier level.® While
there have been several new entrants since 2015, the scalability of their systems and processes
remains uncertain, but progress toward protoyping and production activities is being made

in many quarters.
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The industry’s consolidation emerged from a decade of declining demand beginning in the early
2000s in two areas. First, there were few new programs for tactical missiles over the decade,
which resulted in a lack of design improvements in the SRMs themselves.”” Compounding the
problem, the industry suffered as a result of the “post-drawdown decline in procurement,” which
came alongside NASA’s suspension of the Space Shuttle program in 2011, significantly reducing the
commercial space launch demand for SRMs and their components.” Until 2011, the Space Shuttle
program protected SRM suppliers from fluctuation in DOD procurement, but when the program
ended and new space launch providers favored liquid-fueled engines, the civil sector demand signal
plummeted. The result of a lack of a commercial analog is striking: Between 2000 and 2015, the
industry shrunk from six domestic suppliers to just two: Aerojet Rocketdyne and Orbital ATK.” The
most basic cause of this consolidation to a more shallow and more fragile industrial base stemmed
from reduced and cyclical government customer demand.

Reversing that consolidation will take time. Since 2015, increased DOD demand for missiles has
prompted the entrance of several new manufacturers. New entrants include Nammo Defense
Systems (an American subsidiary of the Norwegian company Nammo Raufoss), X-Bow, Ursa Major
Technologies, Firehawk, Castelion, Anduril, and others (Figure 13). Other firms which have either
not yet begun or which may soon begin production include Prometheus Energetics, Avio USA, and
General Dynamics Ordnance and Tactical Systems.
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Figure 12: U.S. and Foreign SRM manufacturers, 1995-2026
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In many respects, new entrants still lag far behind the two major suppliers, L3Harris (following its
acquisition of Aerojet) and Northrop Grumman (following its acquisition of Orbital ATK). These new
entrants could eventually contribute to the diversification of DOD’s SRM supply chain, but they have
not yet demonstrated they can transition from prototyping or limited production of small numbers
of rocket motors to larger lots. Creating and demonstrating scalability will be a critical next step for
these producers in their efforts to integrate themselves into existing supply chains.

Challenges that newer entrants face are wider ranging than just facilities or scale. The hollowing out
of the SRM industrial base in the 2000s and early 2010s resulted in a small, aging workforce and a
lack of an institutionalized knowledge base for future generations of workers as it relates to novel
design and development of motors.™

With the goal of increasing missile production and inventory, DOD will have to balance
investment between the two leading manufacturers and new entrants. Near-term focus on volume
may counsel acceleration among current leaders (as with the munitions acceleration efforts).
Longer-term diversification of both primes and potentially the supply chain will benefit from
investment in new entrants.
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Like the SRMs themselves, the subcomponents that make up the motors have similarly faced supply
chain challenges. Historically, the industrial base has faced challenges with supply of rayon, a
precursor to a component found in nozzles, and with the cost of ammonium perchlorate (AP), the
primary oxidizer in composite propellants.”™

AP is a non-substitutable propellant ingredient for nearly all U.S. and allied SRM systems and

serves as a case for understanding challenges with single points of failure.” In the past, only one
qualified domestic manufacturer, American Pacific Corporation (AMPAC), produced AP for defense
applications.” This reliance has since been mitigated, and AP is not the primary impediment to SRM
production. While reliance on AMPAC alone for production of AP is not currently a bottleneck in the
production of SRMs—the company’s production capacity outpaces demand by a significant margin—
there are several challenges posed by relying on a single supplier.”™

A disruption to production of this oxidizer could create a bottleneck with industry-wide effects.

A stop or reduction in production caused by, for example, a safety incident or internal financial
challenge, could not be mitigated by turning to alternative qualified sources, such as Northrop
Grumman. In 2025, Nammo raised concerns about the loss of a single-source provider for one of
its other propellant components. One company representative noted that the loss of a sole source
of one ingredient could have wide-reaching effects in their production, explaining that if a source
is lost, “I then have to requalify the propellant. . . . I then have to requalify, potentially, the rocket
motor, and I have to potentially requalify the missile.””

Relying on AMPAC as a single source also creates risk for industry’s ability to surge motor
production because of the company’s price-setting power. In 2016, rising prices following a
transition in AMPAC’s ownership drove Northrop Grumman to begin the process of establishing
an internal production line.® Although AMPAC remains the leading supplier of AP for weapons
programs, Northrop Grumman has become an alternative source for space launch applications
following approval in 2021.%!

An additional challenge in the sub-tier supply chain is reliance on commercial demand to maintain
production capacity during downcycles in demand. This challenge has been demonstrated with
rayon, a component of SRM nozzles that helps protect the aluminum structure from the heat of the
expanding gases; it is also a fiber used in clothing, sewing thread, and tire cord.®? Rayon demand
for defense applications is relatively low and cyclical.®* Alone, it is not sufficient to make production
profitable, meaning that manufacturers have had to rely on commercial sales to keep lines open.

The defense market faced challenges as rayon was displaced by polyester in many of its commercial
applications.®* Without an alternative source of demand, rayon suppliers began to exit the industry
in the 1990s. The reduction in available suppliers for a component that could not be easily replaced
in motors prompted NASA to commission a stockpile of 2.5 million pounds of rayon fiber to support
SRM production through 2005 while it looked for alternatives.®> Today, rayon continues to be

part of DOD efforts to build supply chain resilience for SRMs, including new funding to support
additional suppliers.%¢
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Conclusion

The AMD industrial base faces several challenges driven by the nature of the missile market,
incentives to prioritize efficiency over capacity, and the current relationship between government
and industry. Swings in procurement funding in the broader defense budget have created financial
disincentives to expand capacity. Supplemental and reconciliation funding has signaled increased
demand in recent years, but these one-off funding surges are not a substitute for consistent demand
and may not translate to additional, durable capacity.

The challenges to capacity building are compounded by incentives for both industry and the
government to prioritize cost and efficiency. The government is accountable to taxpayers, and
industry to shareholders, making it hard to invest in capacity above what is needed to meet
near-term demand. The same problem arises with respect to supply chain resilience: The process
of qualifying new sources and manufacturers is time consuming and expensive, creating an
incumbency advantage and making it challenging to add new sources for subcomponents and
materials given the incentives to produce interceptors cost efficiently.

Despite these challenges, there is momentum in Congress, DOD, and the broader executive

branch to address this issue set. Turning today’s demand for interceptors and momentum for
acquisition reform into meaningful improvements in capacity and procurement will depend on the
government’s ability to identify the most suitable pathways for investment.
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Opportunities for
Expansion

Ithough the AMD interceptor industrial base faces many challenges, there are also many

opportunities to improve its capacity and resiliency. The second Trump administration

has prioritized modernizing and improving the defense acquisition process, which
manifested in an April 2025 executive order calling for a “comprehensive overhaul of the system”
and a November 2025 Acquisition Transformation Strategy report from DOD.¥” The momentum has
extended to Congress and industry alike. The increased attention on acquisition reform for AMD
creates an opportunity to explore the requirements themselves and the subsequent pathways and
vehicles that might be best suited to the missile market, including multiyear procurement and block
buy contracting, direct-to-supplier investment vehicles, and other transaction agreements. It is also
important to understand the limitations to each of these pathways, however, to ensure that each is
applied in the most appropriate context.

Acquisition and Requirements Reform

In particular, the attention to reforms to the Joint Requirements Oversight Council (JROC) and
greater scrutiny of DOD requirements present an opportunity to reexamine opportunities to
strengthen the industrial base. Requirements can be grouped into two buckets: those dealing with
the specifications of individual weapons systems and those established to set target inventory
numbers. These requirements influence the behavior of the AMD industrial base by establishing
the benchmarks munitions need to meet, both in terms of performance characteristics and the
quantities in which they must be made available. Each of these levers offers different opportunities
for the AMD industrial base but also carries its own challenges and limitations.
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Documents detailing weapons systems requirements lay out the specifications for AMD interceptors
that industry must meet, allowing DOD to impose penalties or refuse delivery when they are not
met.®® These specifications and fault tolerances often create challenges for industry in managing
the supply chain because there are commonly few suppliers that can meet these standards. Once

a supplier is approved, industry is functionally locked in to using them because of the difficulty

of qualifying new suppliers. This can contribute to increasing costs and lack of diversity at lower
levels of the supply chain. These challenges, however, create an opportunity. A reexamination of
munitions requirements that cause particular pain and hinder new suppliers could yield significant
benefits in supply diversification, cost, and introduction of innovation.

The Acquisition Transformation Strategy, which is reorganizing service requirements management
from Program Executive Offices (PEO) to Portfolio Acquisition Executives (PAE), offers another
opportunity to shift the way the DOD handles its requirements. The old PEO structure encouraged
requirements specific to each program, incentivizing the design of very specific components for each
system. The PAE structure, with its ability to manage requirements at the portfolio level, may allow
its executives to create greater commonality across the requirements inside of their portfolio. This
structure could reduce the number of specialized parts for each weapons system and potentially
broaden the number of suppliers that can participate.®® One way to accomplish this could be to
introduce greater modularity into AMD interceptor design, potentially making it easier to shift
production between subcomponents and even interceptor types.” Nevertheless, this may also
introduce risk by incorporating new modular components into mature weapons systems and supply
chains, which is also likely to increase cost in the short term.

One example of the sort of requirement that could be revisited is the shelf life of munitions.
Specifications that require long shelf lives can increase the cost of individual munitions by forcing
industry to use components that do not degrade over time—often for decades. This includes extra
costs to address corrosion prevention, the aging of energetics components, and the design of
power sources, such as liquid reserve batteries.” This requirement makes sense for more expensive
munitions one expects to husband over long time periods. Nevertheless, if DOD is looking to
increase the number of cheaper AMD interceptors that it can expend sooner, loosened shelf-life
requirements might offer one way to reduce the cost of these munitions and include new suppliers.

Changing shelf-life requirements entails some risk, however. If a large group of these munitions reach
the end of their service lives during a more challenging budget cycle, the effect on the inventory could
be detrimental. To offset this, munitions with shorter shelf lives would likely require more consistent
funding, rather than the current peaks-and-valleys approach. Revising the requirements on existing
systems could also result in drawn-out negotiations between government and industry and long testing
and qualification timelines, potentially undermining the goals of speeding production and reducing cost.

Another requirements lever DOD can use to influence the industrial base is its inventory requirements
and service acquisition objectives. The Total Munitions Requirements (TMR) process defines the
inventory of munitions required by the various combatant commands to execute their operational
plans.” These lists then go into the budgeting process to provide input into the number of munitions
each service needs to buy to conduct current operations as well as fill stockpiles for future readiness.
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Recent conflicts provide a clear indication of the need for larger inventories of AMD interceptors.
Updates to the TMR should factor expenditure rates from recent conflicts into their calculations,
which should then drive greater investment in service budgets to meet these requirements. Although
this should provide a clear demand signal, there are circumstances in which the services fail to meet
the inventory targets set out in the TMR.* Congress has shown a particular interest in maintaining
oversight of these targets, adding air and missile defense interceptors to the reporting requirements
on the TMR in the most recent National Defense Authorization Act (NDAA).* The services themselves
can also enhance this demand signal by updating their acquisition objectives for individual missile
systems. For example, the Army recently quadrupled its total acquisition objective for the PAC-3 MSE
missile, giving industry an indicator of long-term demand for that interceptor.®

Likewise, when setting munitions requirements, DOD decisionmakers should also consider lead
times for munitions production. Munitions with longer lead times must be produced in advance of
a conflict, as surging production will take longer. At the same time, those with shorter production
processes are candidates to be effectively surged during wartime. For example, unmanned aircraft
systems (UAS) interceptors may be a capability that can be surged quickly during a conflict and thus
can be produced at lower volumes during peacetime to prioritize other capabilities. Conversely,
THAAD and SM-3 interceptors have much longer production lead times. For this reason, industry
would not be able to produce them at a replacement rate during conflict, making it necessary to
stock close to the full objective inventory required before the outset of a conflict.

Acquisition Pathways

The momentum behind acquisition reform also creates an opportunity to consider the use of
multiple acquisition pathways in new ways to accelerate munitions production and build capacity.
Some of the options for these pathways include multiyear procurement, direct-to-supplier
investment vehicles, termination and liability penalties for the government, and other
transactions authorities.%

MULTIYEAR PROCUREMENT AND BLOCK BUY CONTRACTING

One popular solution to munitions acquisition is an expanded use of multiyear procurement (MYP).
Expanded use of MYP could have positive effects for volume buys of capabilities over longer time
horizons. Analysts have made the case for using MYP for missiles and munitions procurement to
drive down costs and send a signal to industry about the stability of demand.®

The list of munitions eligible for MYP opportunities expanded in the FY 2024 NDAA to include the
Guided Multiple Launch Rocket System (GMLRS), PAC-3 MSE, and AMRAAM, among others (Table
2).%8 The list was updated in both the FY 2026 NDAA and appropriations bill to reflect shifts in the
munitions prioritized for acquisition under this structure in recent years (Table 3). These multiyear
contracts could help drive down overall costs and incentivize industry to invest in facilitization for
increased production capacity and modernization of existing production capability to increase
throughput and decrease cost.
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Table 2: Munitions Eligible for MYP Opportunities by Eligibility Source in FY 2026 NDAA

NDAA Appropriations
= SM-3 Block IB = SM-3 Block IB
= SM-6 = SM-6
= Tomahawk = Tomahawk
= AMRAAM = AMRAAM
= JASSM = JASSM
= LRASM = | RASM
= THAAD = THAAD
= PAC-3 MSE = PAC-3 MSE
= FAMM
= ERAM
= ETV
= | ow Cost Hypersonic Strike

Source: U.S. Congress.*®

Table 3: Munitions Eligible for MYP Opportunities by Eligibility Source, FY 2023 NDAA

= Naval Strike Missile
= GMLRS

= PAC-3 MSE

= Stinger

= Javelin

= AMRAAM

= MACS

= 155m Excalibur M982A1
= LRASM

= JASSM

= SM-6

= AIM-9X

NDAA Appropriations
= XM1128, XM1113, M107, and M795 (155mm = Naval Strike Missile
rounds) = Guided Multiple Launch Rocket System
" JAGM = PATRIOT Advanced Capability-3 Missile
= HIMARS Segment Enhancement
= ATACMS = | ong Range Anti-Ship Missile
= Harpoon = Joint Air-to-Surface Standoff Missile

= Advanced Medium-Range Air-to-Air Missile

Note: The list of munitions authorized for multiyear procurement in FY 2023 NDAA was not approved by appropriators until FY
2024. See https://www.congress.gov/118/plaws/publ47/PLAW-118publ47.pdf.

Source: James M. Inhofe National Defense Authorization Act for Fiscal Year 2023.1%°
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The MYP structure poses several potential challenges. While several interceptors are suitable
candidates for procurement by multiyear contracts, the statutory requirements governing its use
limit how widely it can be applied. To be eligible for MYP, a program must have a stable design,
requirements, demand, and funding.'”' It also must show that the program will yield “significant
savings” because of a transition from annual contracting to MYP.? The stability provided by the
MYP structure could also limit private investment in the industrial base for the selected munitions.
It could communicate that the government may not use additional capacity above and beyond what
is requested in the MYP contract, generating few incentives to invest in surge capacity.

Another potential challenge of MYP comes from fiscal uncertainty affecting how well the
government can commit to executing the multiyear options. While MYP contracts give authority for
the buys across multiple years, funds still must be appropriated annually for DOD to execute the
contract. As demonstrated in the FY 2026 budget process, DOD can face opposition to MYP requests
when submitted without sufficient lead time.'*® Additionally, Congress has neglected to fund
procurement for munitions with MYP contracts, essentially breaking those agreements.

Block buy contracting could be a useful alternative for programs that may not meet the statutory
criteria for MYP. Like MYP, this pathway can be used to contract the procurement of a capability
beyond one year, but because there is no governing statute, there are not the same requirements for
design stability that can limit options for supply chains.’** While the lack of strict requirements may
be beneficial in some cases, block buy contracts may prove less desirable for industry than MYP
when both options exist, due to the lack of defined cancellation penalties. Each block buy contract
must be independently negotiated and approved, which may make benefits less predictable

and introduce significant risk for suppliers if the contract does not include sufficiently robust
termination and liability (cancellation) penalties.!%

DIRECT-TO-SUPPLIER INVESTMENT VEHICLES

The use of the Defense Production Act (DPA) and industrial base funds also presents an opportunity
for DOD to make targeted investments to resolve supply chain bottlenecks. The DPA gives the
president broad authority to influence the production of goods and materials needed for national
defense by prioritizing government contracts and offering production incentives to industry.°¢

DOD has recently used DPA authorities to make investments in SRMs, rare earth minerals, select
chemical components, and microelectronics.!” In addition to DPA funding, DOD has also seen
significant growth in its Industrial Base Analysis and Studies (IBAS) funding line, creating another
source for direct-to-supplier investment. Another significant investment in the AMD interceptor
supply chain is a $1 billion convertible preferred equity investment with L3Harris.!*

This sort of direct-to-supplier investment can provide critical funding to resolve supply chain issues
that are common across multiple munitions. DPA and IBAS funding can provide critical capital for
facilities expansion and modernization, especially for lower-tier suppliers that have tighter margins
and a harder time accessing private funding. Most of these agreements will likely be far smaller than
the $1 billion equity stake. DOD used $12.6 million in DPA funds to address some of its challenges
with rayon production for rocket nozzle insulation.'*® This type of targeted government intervention
can help relieve supply chain bottlenecks by either expanding production capacity and efficiency
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for existing suppliers or providing support for establishing or qualifying new market entrants to
create a more diverse supplier base.

This sort of direct-to-supplier intervention, however, cannot substitute for more proactive supply
chain management by both the government and prime contractors in the AMD industrial base. DPA
and IBAS funding is reactive by nature: The funding goes to addressing already evident problems in
the supply chain. While cash infusions provided under DPA authorities can help resolve short-term
shortages and bottlenecks, they cannot be relied on to head off the unforeseen bottlenecks of the
future. Even less can these interventions substitute for clear and sustained demand signals from
the government customer. While munitions supply chains are a current priority for these funding
streams, the goal should be a munitions industrial base that is robust and resilient without a need
for direct-to-supplier investment.

OTHER TRANSACTION AGREEMENTS

Other transactions (OTs) offer another acquisition pathway to streamline prototyping and initial
production, but they carry some risk for capabilities that will be procured over longer time
horizons. These pathways might be leveraged for one-off opportunities to incorporate new
suppliers by streamlining administrative and regulatory requirements under the Federal Acquisition
Regulations (FAR). This may result in reducing barriers to entry for new companies, which could

be a boon for innovation in the industrial base."® Other Transaction Agreements (OTAs) have been
used by the Army for missile and munition subcomponents, as well as the systems themselves,
including for the Integrated Fires Protection Capability (IFPC) Increment 2 Second Interceptor and
its associated motor, including at least one new SRM entrant."

Nevertheless, DOD risks shrinking the traditional RDT&E phase by using OTAs, possibly

making it more challenging for new entrants to build expertise in DOD processes early in their
development cycles. This could result in reducing the number of opportunities for suppliers to
improve their ability to manufacture products and components at scale. System development and
demonstration—where industry is supposed to determine the producibility of a prototype and
invest in industrial tooling—is typically one of the more expensive portions of the traditional RDT&E
path. It may be acceptable to bypass this step for capabilities that the U.S. government only intends
to purchase a small number of, but for those munitions DOD will need to acquire in large volumes
over long periods, the full RDT&E cycle in traditional pathways may prove necessary to maximize
producibility and scalability.
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Allies and Partners

Allies and partners also function as a source of opportunity to support the AMD industrial base. In
particular, allies and partners can provide additional demand to AMD suppliers, potentially provide
surge capacity during a crisis, and offer potential sources of innovation to U.S. industry.

ARMS SALES TO ALLIES AND PARTNERS

The addition of allied orders of American-made weapons systems could provide increased overall
demand for U.S. industry. These arms sales, managed through the Foreign Military Sales (FMS) and
Direct Commercial Sales (DCS) programs, offer one path to smooth out demand during periods

of tighter U.S. funding. Global defense spending has grown each of the last 11 years, suggesting
potentially fruitful markets to be tapped into for the AMD industrial base.

The THAAD sale to Saudi Arabia offers one example of how this could work, along with some
of the potential challenges this strategy faces. Initially approved in 2017, the $15 billion THAAD
sale provided significant additional demand to the program, compensating for weaker demand
from the United States.">? However, considerable U.S. use of THAAD interceptors in the last two
years will likely interfere with the delivery timelines for filling Saudi Arabia’s order as American
demand has spiked.®

When allied demand rises at the same time as U.S. demand, production capacity can become a
significant limiting factor, causing tense trade-offs between FMS and domestic production. For
example, Gulf allies are already searching for alternatives to U.S. air and missile defense systems
due to supply constraints.™ This pattern has also played out in Europe. Since the invasion of
Ukraine in 2022, defense spending across NATO has increased meaningfully. NATO Europe and
Canada defense expenditures have increased every year since 2015, hitting a high of 18.6 percent
growth in 2024." The alliance reported a total defense expenditure level for NATO Europe and
Canada of $559 billion in 2025. American companies may not be able to capitalize on this increased
spending, however, as NATO allies increasingly look to European manufacturers to reduce
dependence on U.S. exports."6

This suggests that global demand cycles for interceptors may be somewhat correlated, as countries
often increase their orders in response to conflicts and crises. This creates a timing problem for
the industrial base, as arms sales are likely to surge when there is greatest competition from U.S.
demand and then fall at the same time U.S. demand sinks.

One way to mitigate some of these concerns is through allied and partner coproduction that could
also serve as surge capacity during demand peaks. For example, Australia’s newly created Guided
Weapons and Explosive Ordnance Enterprise (GWEO) is already working with the U.S. government
to identify the kinds of weapons systems and components that can be manufactured in Australia
“informed by US supply chain constraints.”'” To date, GWEO has made meaningful investments

in the Australian industrial base for, among other things, coproduction of GMLRS as well as SRMs
and their subcomponents."® The integration of these supply chains into the U.S. market, even on

a limited basis, could establish the practices necessary to allow for rapidly surged production in
wartime. Constraints such as the International Traffic in Arms Regulations (ITAR) and the Missile
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Technology Control Regime (MTCR) have inhibited the ability to export capabilities to even the
closest U.S. allies."™?

Incorporating overseas companies into supply chains can also potentially boost innovation within
the supply chain by increasing the number of potential suppliers for each subcomponent. Nammo
Raufoss is an example of one such company—the Finnish and Norwegian defense and aerospace
company has manufacturing facilities in the United States that today produce rocket motors as
well as a number of other components and missiles.’?® Nammo has integrated itself into U.S. supply
chains and is currently under contract by Raytheon for work on the MK72 SRM that is a part of
Standard Missiles.'” The new production lines resulting from the contract will be based in Perry,
Florida, one of Nammo’s six production facilities currently in operation in the United States.'??

By bringing the methods and expertise they have developed in their European operations to the
United States, Nammo could integrate new methods, sources, and sub-tier suppliers to the market
that were previously untapped. However, foreign companies such as Nammo may also become

a source of competition that displaces domestic companies in the U.S. market during periods

of lower demand.

Conclusion

The momentum for reform under the current administration creates multiple opportunities for

DOD to expand production capacity of AMD interceptors and their subcomponents. Translating this
momentum and funding into durable and sustained industrial capacity will depend on choosing the
correct acquisition pathways for each munition type and mitigating the risks those pathways create.
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Going Forward

peration Epic Fury has reemphasized the importance of revitalizing the industrial base for

air and missile defense interceptors, but the imperative to action was clear even before

the conflict. The expanded role of missiles in modern conflicts has created significant
opportunities for investment into the munitions industrial base, but efforts to expand its capacity
have faced multiple challenges.

The characteristics of the missile market, some unique but many endemic to the defense industrial
base at large, are important to understanding both of these challenges and opportunities. The
complexity of modern missiles and the uniqueness of many of their components mean that each
missile is the product of a sprawling supply chain that relies on niche suppliers qualified for
defense work. Because of the potentially hazardous nature of many of these components, these
suppliers are often subject to multiple cross-cutting sets of regulations, not only to meet strict
DOD performance standards but also environmental and safety rules. The government does not
manage these supply chains itself, instead relying on prime contractors in industry to serve as lead
integrators to provide completed missiles. This can reduce government visibility, however, when
issues further down the supply chain become challenges to meeting production targets. Common
subsystems like solid rocket motors, which are required to power each missile, can become
bottlenecks in surging production and building capacity if their own complex supply chains run
into problems.

Highly cyclical funding for air and missile defense interceptor programs poses the most significant
challenge to the munitions industrial base. The lack of stable demand in this market causes
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cascading financial problems down the supply chain, which has an especially large effect on smaller
firms that make critical materials and subcomponents. Without stable funding and predictable
munitions budgets, it will be challenging to convince industry to make investments in durable
goods like factory infrastructure, tools, and the workforce. While the DOD has signaled much
stronger demand in recent years, much of it has come from supplemental funding or relies on the
reconciliation funding mechanism, raising concerns about the durability of those funding sources.

DOD’s approach to industry also limits the options regarding how to achieve its goals of accelerating
production and increasing surge capacity. The government’s focus on cost, as well as its

acquisition regulations and requirements, can inhibit the introduction of innovative new materials,
components, and manufacturing processes, limiting the flexibility of both existing suppliers and
also inhibiting new entrants. Momentum for acquisition and requirements reform could open up
new opportunities to introduce innovation into the munitions industrial base and unlock additional
suppliers and capacity.

Much attention has been given to solving some of these problems, suggesting many opportunities

to scale production and increase surge capacity. New acquisition approaches like multiyear
procurements offer a path to greater demand stability, while requirements reform could open up
new opportunities for innovation. Global demand for air and missile defense interceptors is surging,
creating an opportunity to sell these systems around the world.

Efforts to translate this momentum and increased funding into real industrial capacity will take
time. Factories for missiles and their relevant subcomponents cannot be built overnight. Not every
new acquisition pathway will be right for every missile program. However, a modern and responsive
air and missile defense industrial base is a critical component of national defense in the new era

of missile warfare. The Department of Defense must seize this moment to rebuild a foundational
industrial capability to meet modern threats.

Solid Rocket Motors for Missile Defense | 37



About the Authors

Wes Rumbaugh is a fellow in the Missile Defense Project at the Center for Strategic and
International Studies (CSIS) in Washington, D.C. His work focuses on missile defense, conventional
long-range strike, and defense budgets and organizations. He has published on the composition of
the Missile Defense Agency budget, homeland ballistic missile defense, new operational concepts
for missile defense systems, the role of elevated sensors in missile strike and defense, and trends
in hypersonic strike. Previously, he was director of advocacy and a Van Cleave fellow at the Missile
Defense Advocacy Alliance. He holds a BS in political science from Missouri State University.

Tom Karako is the director of the Missile Defense Project and a senior fellow with the Defense and
Security Department at CSIS, where he arrived in 2014. His research focuses on national security,
missile defense, nuclear deterrence, and public law. In 2010-2011, he was an American Political
Science Association congressional fellow, working with the professional staff of the House Armed
Services Committee and the Subcommittee on Strategic Forces on U.S. strategic forces policy,
nonproliferation, and NATO. Dr. Karako received his PhD from Claremont Graduate University and
his BA from the University of Dallas.

Rumbaugh and Karako | 38



About CSIS

The Center for Strategic and International Studies (CSIS) is a bipartisan, nonprofit policy research
organization dedicated to advancing practical ideas to address the world’s greatest challenges.

Founded in 1962, CSIS is led by General Joseph F. Dunford, who was appointed chief executive
officer in 2026, succeeding John J. Hamre. The CSIS Board of Trustees is chaired by Thomas ]J.
Pritzker, who has held the position since 2015.

CSIS brings together more than 275 full-time staff and a global network of affiliated scholars
working across four core areas of public policy: defense and security, geopolitics and foreign policy,
economic security and technology, and global development. Our scholars are regularly called upon
by Congress, the executive branch, the media, and others to explain the day’s events and offer
recommendations to improve U.S. strategy.

CSIS’s purpose is to define the future of national security. We are guided by a distinct set of values—
non-partisanship, independent thought, innovative thinking, cross-disciplinary scholarship,
integrity and professionalism, and talent development. CSIS’s values work in concert toward the
goal of making real-world impact.

What sets CSIS apart is not only the quality of its research but how that research is conveyed:
through original data and open-source analysis; through multimedia and data visualization; and
through connecting relevant analysis with key audiences at the moments that matter most. This
combination of rigor, independence, and reach has made CSIS a driving force in the policy debates
shaping American security and prosperity.

Solid Rocket Motors for Missile Defense | 39



Endnotes

1 Wes Rumbaugh, “The Depleting Missile Defense Interceptor Inventory,” CSIS, CSIS Briefs, December 5,
2025, https://www.csis.org/analysis/depleting-missile-defense-interceptor-inventory.

2 Drew Fitzgerald and Lara Seligman, “Pentagon Pushes to Double Missile Production for Potential China
Conlflict,” Wall Street Journal, September 29, 2025, https://www.wsj.com/politics/national-security/penta-
gon-pushes-to-double-missile-production-for-potential-china-conflict-ee153ad; Peter Guinto, “Approval
of Section 890 Pilot Program for All Munitions Contract Actions,” Department of Defense (DOD), 2025,
https://www.acq.osd.mil/dpap/policy/policyvault/USA001624-25-DPCAP.pdf; DOD, “Department of
War Announces $1 Billion Direct-to-Supplier Investment to Secure the U.S. Solid Rocket Motor Supply
Chain,” press release, January 13, 2026, https://www.war.gov/News/Releases/Release/Article/4376463/
department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/; DOD, “Department
of War Establishes New Acquisition Model to More than Triple PAC-3 MSE Production in Partnership
with Lockheed Martin,” press release, January 6, 2026, https://www.war.gov/News/Releases/Release/
Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-triple-pac-3-m/;
and “RTX’s Raytheon partners with Department of War on five landmark agreements to expand critical
munition production,” RTX, February 4, 2026, https://www.rtx.com/news/news-center/2026/02/04/rtxs-
raytheon-partners-with-department-of-war-on-five-landmark-agreements-to-exp.

3 DOD, National Defense Strategy (Washington, DC: DOD, 2026), 21, https://media.defense.gov/2026/
Jan/23/2003864773/-1/-1/0/2026-NATIONAL-DEFENSE-STRATEGY.PDF.

4 Ian Williams, Putin’s Missile War (Washington, DC: CSIS, May 2023), 8, https://www.csis.org/analysis/
putins-missile-war; Wes Rumbaugh, “Did the U.S. Defense of Israel from Missile Attacks Meaningfully
Deplete Its Interceptor Inventory?,” CSIS, Critical Questions, December 4, 2024, https://www.csis.org/
analysis/did-us-defense-israel-missile-attacks-meaningfully-deplete-its-interceptor-inventory; and Ian
Williams and Shaan Shaikh, The Missile War in Yemen (Washington, DC: CSIS, June 2020), https:/www.
csis.org/analysis/missile-war-yemen.

Rumbaugh and Karako | 40


https://www.csis.org/analysis/depleting-missile-defense-interceptor-inventory
https://www.wsj.com/politics/national-security/pentagon-pushes-to-double-missile-production-for-potential-china-conflict-ee153ad3?gaa_at=eafs&gaa_n=AWEtsqeiS0e7I6HEoyorvnrDT8cbch6Z9cJ2aTypd69IOXi7MousUmiiZ2__SzDxuQw%3D&gaa_ts=690b67d2&gaa_sig=CtOiXIDT3VTT3S_17PeLKMvG-fFDxGmByi21O81w9MruOOTstMPSVu8Q5mOBWegJq5IMLpTfBtUS-FB_9vkiRw%3D%3D
https://www.wsj.com/politics/national-security/pentagon-pushes-to-double-missile-production-for-potential-china-conflict-ee153ad3?gaa_at=eafs&gaa_n=AWEtsqeiS0e7I6HEoyorvnrDT8cbch6Z9cJ2aTypd69IOXi7MousUmiiZ2__SzDxuQw%3D&gaa_ts=690b67d2&gaa_sig=CtOiXIDT3VTT3S_17PeLKMvG-fFDxGmByi21O81w9MruOOTstMPSVu8Q5mOBWegJq5IMLpTfBtUS-FB_9vkiRw%3D%3D
https://www.acq.osd.mil/dpap/policy/policyvault/USA001624-25-DPCAP.pdf
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-triple-pac-3-m/
https://www.war.gov/News/Releases/Release/Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-triple-pac-3-m/
https://www.rtx.com/news/news-center/2026/02/04/rtxs-raytheon-partners-with-department-of-war-on-five-landmark-agreements-to-exp
https://www.rtx.com/news/news-center/2026/02/04/rtxs-raytheon-partners-with-department-of-war-on-five-landmark-agreements-to-exp
https://media.defense.gov/2026/Jan/23/2003864773/-1/-1/0/2026-NATIONAL-DEFENSE-STRATEGY.PDF
https://media.defense.gov/2026/Jan/23/2003864773/-1/-1/0/2026-NATIONAL-DEFENSE-STRATEGY.PDF
https://www.csis.org/analysis/putins-missile-war
https://www.csis.org/analysis/putins-missile-war
https://www.csis.org/analysis/did-us-defense-israel-missile-attacks-meaningfully-deplete-its-interceptor-inventory
https://www.csis.org/analysis/did-us-defense-israel-missile-attacks-meaningfully-deplete-its-interceptor-inventory
https://www.csis.org/analysis/missile-war-yemen
https://www.csis.org/analysis/missile-war-yemen

10
1

12

13

14

15

16

Drew Fitzgerald and Lara Seligman, “Pentagon Pushes to Double Missile Production for Potential China
Conflict,” Wall Street Journal, September 29, 2025, https://www.wsj.com/politics/national-security/penta-
gon-pushes-to-double-missile-production-for-potential-china-conflict-ee153ad3.

DOD, “Secretary of War Pete Hegseth and Chairman of the Joint Chiefs of Staff Gen. Dan Caine Hold a
Press Briefing,” press release, March 4, 2026, https://www.war.gov/News/Transcripts/Transcript/Arti-
cle/4421037/secretary-of-war-pete-hegseth-and-chairman-of-the-joint-chiefs-of-staff-gen-dan/.

Ibid.

Tom Karako, “After Epic Fury, a Munitions Supplemental Becomes Imperative,” Breaking Defense,
March 13, 2026, https://breakingdefense.com/2026/03/after-epic-fury-a-munitions-supplemental-be-
comes-imperative/.

Holly Yan, “The blast that killed 16 people at a Tennessee workplace set off 24,000 pounds of explosives,
authorities say,” CNN, October 24, 2025, https://www.cnn.com/2025/10/24/us/tennessee-plant-explo-
sion-update

George P. Sutton and Oscar Biblarz, Rocket Propulsion Elements (New York: Wiley, 2016), 508.

“Site Information : General Dynamics,” Environmental Protection Agency, https://cumulis.epa.gov/
supercpad/cursites/csitinfo.cfm?id=0604146; “Locations,” Ursa Major, accessed June 5, 2026, https://urs-
amajor.com/about/; “Aerojet Rocketdyne Suppliernet,” L3Harris, accessed June 5, 2026, https://arsuppli-
ernet.I3harris.com/sites/default/files/documents/SupplierNet/sites/ar-suppliernet-logistics-site-visits.pdf;
“Anduril Ind,” Mississippi Department of Environmental Quality, accessed June 5, 2026, https://opcgis.
deq.state.ms.us/ensearchonline/ai_info.aspx?ai=81051; “Site Information: Northrop Grumman,” Environ-
mental Protection Agency, accessed June 5, 2026, https://enviro.epa.gov/enviro/P2_EF_Query.p2_report?-
Facilityld=84302MRTNT9160N&Chemicalld=000000N590&ReportingYear=2018&DocCtrINum=&Opt=0;
“Major Employers,” West Valley City Economic Development, accessed June 5, 2026, https://www.
whywestvalley.com/workforce/major-employers/p/item/19840/atk-launch-systems; Catherine Libertz,
“Final Decision: Orbital ATK Inc. Elkton, MD,” Environmental Protection Agency, May 26, 2017, https://
www.epa.gov/sites/default/files/2017-05/documents/orbitalatk_fdtrc.pdf; In re Alliant Techsystems
Operations, LLC, Docket No. CAA-CWA-RCRA-03-2021-0024, Consent Agreement and Final Order, En-
vironmental Protection Agency Region III, March 2021, https://www.epa.gov/sites/default/files/2021-03/
documents/atocafo.pdf; “Contact Us,” X-Bow, accessed June 5, 2026, https://www.xbowsystems.com/
contact-us; “Perry, Florida,” Nammo, accessed June 5, 2026, https://www.nammo.com/location/perry/;
and “Warfare Centers: NSWC Indian Head,” Naval Sea Systems Command, accessed June 5, 2026 https://
www.navsea.navy.mil/Home/Warfare-Centers/NSWC-Indian-Head/ .

Sam Skove, “Another US precision-guided weapon falls prey to Russian electronic warfare, US says,”
Defense One, April 28, 2024, https://www.defenseone.com/threats/2024/04/another-us-precision-guid-
ed-weapon-falls-prey-russian-electronic-warfare-us-says/396141/

Donald Lee Knaresboro, Forrest Ray Goodson, and Frank Stephen Inman, “Method of Manufacturing
Solid Rocket Motors,” United States Patent and Trademark Office, August 2000, https://patentimages.
storage.googleapis.com/fc/fe/6f/1e2f8980067d49/US6101948.pdf.

“Solid Rocket Engine,” National Aeronautics and Space Administration, https://www.grc.nasa.gov/ww-
wy/k-12/airplane/srockth.html.

U.S. Department of State, Missile Technology Control Regime (MTCR) Equipment and Technology Annex,
Item 5 (Washington, DC: U.S. Department of State, n.d.), 2, https://1997-2001.state.gov/global/arms/np/
mtcr/item5.pdf.

Ibid.

Solid Rocket Motors for Missile Defense | 41


https://www.wsj.com/politics/national-security/pentagon-pushes-to-double-missile-production-for-potential-china-conflict-ee153ad3
https://www.wsj.com/politics/national-security/pentagon-pushes-to-double-missile-production-for-potential-china-conflict-ee153ad3
https://www.war.gov/News/Transcripts/Transcript/Article/4421037/secretary-of-war-pete-hegseth-and-chairman-of-the-joint-chiefs-of-staff-gen-dan/
https://www.war.gov/News/Transcripts/Transcript/Article/4421037/secretary-of-war-pete-hegseth-and-chairman-of-the-joint-chiefs-of-staff-gen-dan/
https://breakingdefense.com/2026/03/after-epic-fury-a-munitions-supplemental-becomes-imperative/
https://breakingdefense.com/2026/03/after-epic-fury-a-munitions-supplemental-becomes-imperative/
https://www.cnn.com/2025/10/24/us/tennessee-plant-explosion-update
https://www.cnn.com/2025/10/24/us/tennessee-plant-explosion-update
https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0604146
https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0604146
https://ursamajor.com/about/
https://ursamajor.com/about/
https://arsuppliernet.l3harris.com/sites/default/files/documents/SupplierNet/sites/ar-suppliernet-logistics-site-visits.pdf
https://arsuppliernet.l3harris.com/sites/default/files/documents/SupplierNet/sites/ar-suppliernet-logistics-site-visits.pdf
https://opcgis.deq.state.ms.us/ensearchonline/ai_info.aspx?ai=81051
https://opcgis.deq.state.ms.us/ensearchonline/ai_info.aspx?ai=81051
https://enviro.epa.gov/enviro/P2_EF_Query.p2_report?FacilityId=84302MRTNT9160N&ChemicalId=000000N590&ReportingYear=2018&DocCtrlNum=&Opt=0
https://enviro.epa.gov/enviro/P2_EF_Query.p2_report?FacilityId=84302MRTNT9160N&ChemicalId=000000N590&ReportingYear=2018&DocCtrlNum=&Opt=0
https://www.whywestvalley.com/workforce/major-employers/p/item/19840/atk-launch-systems
https://www.whywestvalley.com/workforce/major-employers/p/item/19840/atk-launch-systems
https://www.epa.gov/sites/default/files/2017-05/documents/orbitalatk_fdtrc.pdf
https://www.epa.gov/sites/default/files/2017-05/documents/orbitalatk_fdtrc.pdf
https://www.epa.gov/sites/default/files/2021-03/documents/atocafo.pdf
https://www.epa.gov/sites/default/files/2021-03/documents/atocafo.pdf
https://www.xbowsystems.com/contact-us/#:~:text=sales@xbowsystems.com-,Locations,Spencer%20Composites
https://www.xbowsystems.com/contact-us/#:~:text=sales@xbowsystems.com-,Locations,Spencer%20Composites
https://www.nammo.com/location/perry/
https://www.navsea.navy.mil/Home/Warfare-Centers/NSWC-Indian-Head/
https://www.navsea.navy.mil/Home/Warfare-Centers/NSWC-Indian-Head/
https://www.defenseone.com/threats/2024/04/another-us-precision-guided-weapon-falls-prey-russian-electronic-warfare-us-says/396141/
https://www.defenseone.com/threats/2024/04/another-us-precision-guided-weapon-falls-prey-russian-electronic-warfare-us-says/396141/
https://patentimages.storage.googleapis.com/fc/fe/6f/1e2f8980067d49/US6101948.pdf
https://patentimages.storage.googleapis.com/fc/fe/6f/1e2f8980067d49/US6101948.pdf
https://www.grc.nasa.gov/www/k-12/airplane/srockth.html
https://www.grc.nasa.gov/www/k-12/airplane/srockth.html
https://1997-2001.state.gov/global/arms/np/mtcr/item5.pdf
https://1997-2001.state.gov/global/arms/np/mtcr/item5.pdf

17

18

19
20

21

22

23

24

25

26

27

28

29

Ibid., pp. 3; “Casting Mandrel, for Manufacture of Solid Fuel Rocket Motors,” National Air and Space Mu-
seum, https://airandspace.si.edu/collection-objects/casting-mandrel-manufacture-solid-fuel-rocket-mo-
tors/nasm_A20060535000.

L.T. Jagiello, “Method of Casting Solid Propellant Rocket Motors,” U.S. Patent 3,192,289, filed August
30, 1963, issued June 29, 1965, https://patentimages.storage.googleapis.com/1f/79/02/4a4ab6a1fd4927/
US3192289.pdf.

Department of State, Missile Technology Control Regime, 3-5.

“Solid Fuel Rocket Propulsion: Past, Present, and Future,” New Space Economy, August 25, 2025,
https://newspaceeconomy.ca/2025/08/25/solid-rocket-propulsion-past-present-and-future;.

James D. Byrd and Robert T. Davis, “Delayed Quick Cure Rocket Motor Liner,” U.S. Patent 4,736,684, filed
January 16, 1986, issued April 12, 1988, https://patents.google.com/patent/US4736684A/en.

Richard Nakka, “Propellant Packing & Curing,” Richard Nakka Experimental Rocketry, January 1, 2018,
https://www.nakka-rocketry.net/rnx_pac.html; Sam Lair, “Always Be Casting: An Estimate of Iranian Sol-
id Rocket Motor Production,” Arms Control Wonk, September 29, 2025, https://www.armscontrolwonk.
comy/archive/1220847/guest-post-always-be-casting-an-estimate-of-iranian-solid-rocket-motor-produc-
tion/; and David C. Sayles, “Accelerated curing method for solid propellants,” U.S. Patent 3,972,967, filed
November 29, 1973, issued August 3, 1976, https://patents.google.com/patent/US3972967A/en.

Donald Lee Knaresboro and Forrest Ray Goodson, “Method of Manufacturing Solid Rocket Motors,” U.S.
Patent 6,408,760 Bl, filed December 18, 1997, issued June 25, 2002, https://image-ppubs.uspto.gov/dir-
search-public/print/downloadPdf/6408760.

George P. Sutton and Oscar Biblarz, Rocket Propulsion Elements, 7th ed. (New York: John Wiley & Sons,
2001), http://servidor.demec.ufpr.br/CFD/bibliografia/Carlos%20Eduardo%20Americo/Refer%C3%AAn-
cias%20Carlos%20Eduardo/Sutton2001.pdf.

Liam Cope, “A Detailed Look at a Solid Rocket Motor Diagram,” Engineering Fix, November 9, 2025,
https://engineerfix.com/a-detailed-look-at-a-solid-rocket-motor-diagram/; and Brooks McKinney, “Pro-
pelling Space and Defense Missions: Solid Rocket Motor Expertise,” Northrop Grumman, accessed June
5, 2026, https://www.northropgrumman.com/what-we-do/space/propulsion/propelling-space-and-de-
fense-missions-solid-rocket-motor-expertise.

Air Force Space Command, Space and Missile Systems Center, Solid Rocket Motor Case Design and Test,
SMC Standard SMC-S-006 (El Segundo, CA: Space and Missile Systems Center, June 2008), https://every-
spec.com/USAF/USAF-SMC/download.php?spec=SMC-S-006_13JUN2008.021540.PDF.

S. Remakanthan et al., “Analysis of Defects In Solid Rocket Motors Using X- Ray Radiography,” e-Journal
of Nondestructive Testing, June 2015, https://www.ndt.net/article/nde-india2014/papers/CP0142_full.pdf.

K. Venkata Rao et al., “Characterization of defects in Large Solid propellant Rocket Motors,” SHAR Cen-
tre, August 2025, https://www.ndt.net/article/wcndtOO/papers/idn202/idn202.htm; and Avelion-Alcen,
“Missile Inspection Using High-Energy X-ray Non-Destructive Testing Systems,” PMB, accessed June 5,
2026, https://www.avelion-alcen.com/wp-content/uploads/2025/08/fiches_dapplication_linac_ndt O _O.
pdf.

Muralidhar Chaturvedula et al., “Evaluation of Internal details in Rocket Motors using Computed To-
mography,” in Proceedings of the National Seminar & Exhibition on Non-Destructive Evaluation, Defence
Research & Development Laboratory, December 2009, https://www.researchgate.net/figure/Radio-
graph-of-rocket-motor-showing-metal-casing-liner-and-propellant-grain_figl 264892423.

Rumbaugh and Karako | 42


https://airandspace.si.edu/collection-objects/casting-mandrel-manufacture-solid-fuel-rocket-motors/nasm_A20060535000
https://airandspace.si.edu/collection-objects/casting-mandrel-manufacture-solid-fuel-rocket-motors/nasm_A20060535000
https://patentimages.storage.googleapis.com/1f/79/02/4a4ab6a1fd4927/US3192289.pdf
https://patentimages.storage.googleapis.com/1f/79/02/4a4ab6a1fd4927/US3192289.pdf
https://newspaceeconomy.ca/2025/08/25/solid-rocket-propulsion-past-present-and-future/
https://patents.google.com/patent/US4736684A/en
https://www.nakka-rocketry.net/rnx_pac.html
https://www.armscontrolwonk.com/archive/1220847/guest-post-always-be-casting-an-estimate-of-iranian-solid-rocket-motor-production/
https://www.armscontrolwonk.com/archive/1220847/guest-post-always-be-casting-an-estimate-of-iranian-solid-rocket-motor-production/
https://www.armscontrolwonk.com/archive/1220847/guest-post-always-be-casting-an-estimate-of-iranian-solid-rocket-motor-production/
https://patents.google.com/patent/US3972967A/en
https://image-ppubs.uspto.gov/dirsearch-public/print/downloadPdf/6408760
https://image-ppubs.uspto.gov/dirsearch-public/print/downloadPdf/6408760
http://servidor.demec.ufpr.br/CFD/bibliografia/Carlos%20Eduardo%20Americo/Refer%C3%AAncias%20Carlos%20Eduardo/Sutton2001.pdf
http://servidor.demec.ufpr.br/CFD/bibliografia/Carlos%20Eduardo%20Americo/Refer%C3%AAncias%20Carlos%20Eduardo/Sutton2001.pdf
https://engineerfix.com/a-detailed-look-at-a-solid-rocket-motor-diagram/
https://www.northropgrumman.com/what-we-do/space/propulsion/propelling-space-and-defense-missions-solid-rocket-motor-expertise
https://www.northropgrumman.com/what-we-do/space/propulsion/propelling-space-and-defense-missions-solid-rocket-motor-expertise
https://everyspec.com/USAF/USAF-SMC/download.php?spec=SMC-S-006_13JUN2008.021540.PDF
https://everyspec.com/USAF/USAF-SMC/download.php?spec=SMC-S-006_13JUN2008.021540.PDF
https://www.ndt.net/article/nde-india2014/papers/CP0142_full.pdf
https://www.ndt.net/article/wcndt00/papers/idn202/idn202.htm
https://www.avelion-alcen.com/wp-content/uploads/2025/08/fiches_dapplication_linac_ndt_0_0.pdf
https://www.avelion-alcen.com/wp-content/uploads/2025/08/fiches_dapplication_linac_ndt_0_0.pdf
https://www.researchgate.net/figure/Radiograph-of-rocket-motor-showing-metal-casing-liner-and-propellant-grain_fig1_264892423
https://www.researchgate.net/figure/Radiograph-of-rocket-motor-showing-metal-casing-liner-and-propellant-grain_fig1_264892423

30

31

32

33

34

35
36

37

38

39
40

41

42

43

Liangliang Li et al., “Framework of tpical defects detection method for solid rocket motor based on
interpretable knowledge-driven three-dimensional modeling and X-ray digital twin simulation,” Aero-
space Science and Technology 172, June 2026, https://www.sciencedirect.com/science/article/abs/pii/
S1270963826001422.

“Solid Rocket Motor Case Design and Test,” Air Force Space Command, June 13, 2008, https://apps.dtic.

mil/sti/pdfs/ADA633328.pdf; George C. Marshall Space Flight Center, Structural Design and Test Standard
for Solid Rocket Motors, MSFC Technical Standard MFSC-STD_3744 (Huntsville, AL: NASA, January 2021),

https://standards.nasa.gov/sites/default/files/standards/MSFC/Baseline/0/msfc-std-3744.pdf.

Jeffrey J. Murphy et al., Evaluation and Test Requirements for Solid Rocket Motors (Chantilly, CA:

The Aerospace Corporation, January 2023), https://aerospace.org/sites/default/files/2025-04/TR-
RS-2023-00006%20-%20Evaluation%20and%20Test%20Requirements%20for%20Solid%20Rocket%20
Motors.pdf.

Alex S. Priskos, “Five-Segment Solid Rocket Motor Development Status,” NASA Marshall Space Flight
Center, https://ntrs.nasa.gov/api/citations/20120014501/downloads/20120014501.pdf; and Alex S. Pris-
kos, “Five-Segment Solid Rocket Motor Development Status,” NASA Marshall Space Flight Center, May 8,
2012, https://ntrs.nasa.gov/api/citations/20120014501/downloads/20120014501.pdf.

Murphy et al., Evaluation and Test Requirements; and Fernando de Paula Leite Castor, Carlos Roberto
Hall Barbosa, and Elcio Cruz de Oliveira, “Assessing the Metrological Reliability of Static Firing Tests of
Rocket Motors Through the Evaluation of Thrust and Total Impulse Measurement Uncertainty,” Applied
Sciences 15 no. 8 (April 2025), https://www.mdpi.com/2076-3417/15/8/4280.

George C. Marshall Space Flight Center, Structural Design and Test Standard.

Richard A. Ward and Stephen L. Blount, “Robust Propellant Liner and Interfacial Propellant Burn Rate
Control Method,” U.S. Patent 5,985,361, issued November 16, 1999, https://patents.google.com/patent/
US5985361A/en; and Johannes M. J. P. Goverde, “Rocket Motor and Solid Propellent Grain with Woven
Polymeric Inhibitor Coating,” U.S. Patent 3,108,433, issued October 29, 1963, https://patents.google.com/
patent/US3108433A/en.

James E. Boyer and Jerry R. McDowell, “Solid Rocket Motor Grain and Method of Making Same,” U.S.
Patent 5,021,270, issued June 4, 1991, https://patents.google.com/patent/US20140021270A1/en.

Marie A. Mak, Solid Rocket Motors: DOD and Industry Are Addressing Challenges to Minimize Supply Chain
Concerns, GAO-18-45 (Washington, DC: Government Accountability Office, 2017), 6, https://www.gao.gov/
products/gao-18-45.

Ibid.

Combined figure for “Guided Missiles” and “Guided Missile Systems, Complete.” This is not consolidated
because of changing labels of product and service codes over the course of the data time period.

Rhys McCormick et al., Acquisition Trends, 2018: Defense Contract Spending Bounces Back (Washington,
DC: CSIS, 2019), https://www.csis.org/analysis/acquisition-trends-2018-defense-contract-spending-
bounces-back.

DOD, “Department of War Announces $1 Billion Direct-to-Supplier Investment to Secure the U.S. Solid
Rocket Motor Supply Chain,” press release, January 13, 2026, https://www.war.gov/News/Releases/Re-
lease/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/.

U.S. Government Accountability Office, Government Equipment: Defense Should Further Reduce the
Amount It Furnishes to Contractors, NSIAD-86-109 (Washington, DC: GAO, June 1986), 18, https://www.
gao.gov/assets/nsiad-86-109.pdf.

Solid Rocket Motors for Missile Defense | 43


https://www.sciencedirect.com/science/article/abs/pii/S1270963826001422
https://www.sciencedirect.com/science/article/abs/pii/S1270963826001422
https://apps.dtic.mil/sti/pdfs/ADA633328.pdf
https://apps.dtic.mil/sti/pdfs/ADA633328.pdf
https://standards.nasa.gov/sites/default/files/standards/MSFC/Baseline/0/msfc-std-3744.pdf
https://aerospace.org/sites/default/files/2025-04/TR-RS-2023-00006%20-%20Evaluation%20and%20Test%20Requirements%20for%20Solid%20Rocket%20Motors.pdf
https://aerospace.org/sites/default/files/2025-04/TR-RS-2023-00006%20-%20Evaluation%20and%20Test%20Requirements%20for%20Solid%20Rocket%20Motors.pdf
https://aerospace.org/sites/default/files/2025-04/TR-RS-2023-00006%20-%20Evaluation%20and%20Test%20Requirements%20for%20Solid%20Rocket%20Motors.pdf
https://ntrs.nasa.gov/api/citations/20120014501/downloads/20120014501.pdf
https://ntrs.nasa.gov/api/citations/20120014501/downloads/20120014501.pdf
https://www.mdpi.com/2076-3417/15/8/4280
https://patents.google.com/patent/US5985361A/en
https://patents.google.com/patent/US5985361A/en
https://patents.google.com/patent/US3108433A/en
https://patents.google.com/patent/US3108433A/en
https://patents.google.com/patent/US20140021270A1/en
https://www.gao.gov/products/gao-18-45
https://www.gao.gov/products/gao-18-45
https://www.csis.org/analysis/acquisition-trends-2018-defense-contract-spending-bounces-back
https://www.csis.org/analysis/acquisition-trends-2018-defense-contract-spending-bounces-back
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.gao.gov/assets/nsiad-86-109.pdf
https://www.gao.gov/assets/nsiad-86-109.pdf

44
45

46

47

48

49

50

51

52

53

54

55
56

57

Mak, Solid Rocket Motors, 6.

Joe Pappalardo, “The Rocket Fuel Rivalry Shaping the Future of Spaceflight,” Popular Mechanics,
April 10, 2018, https://www.popularmechanics.com/space/rockets/a19724715/liquid-solid-rocket-fu-
el-spacex-orbital-atk-blue-origin/.

U.S. Congress, Office of Technology Assessment, Technologies Underlying Weapons of Mass Destruction,
OTA-BP-ISC-115 (Washington, DC: U.S. Government Printing Office, December 1993), 13, https://apps.dtic.
mil/sti/tr/pdf/ADA375231.pdf.

“A Global Guide to Liquid Propulsion Rocket Engines: Active and Planned,” New Space Economy,
November 10, 2025, https://newspaceeconomy.ca/2025/11/10/a-global-guide-to-liquid-propulsion-rocket-
engines-active-and-planned,/.

DOD, Department of Defense Fiscal Year (FY) 2025 Budget Estimates: Missile Procurement, Army (Wash-
ington, DC: DOD, 2024), 42, https://www.asafm.army.mil/Portals/72/Documents/BudgetMaterial/2025/
Base%20Budget/Procurement/Missile-Procurement-Army.pdf.

DOD, “Department of War Announces $1 Billion Direct-to-Supplier Investment to Secure the U.S. Solid
Rocket Motor Supply Chain,” press release, January 13, 2026, https://www.war.gov/News/Releases/Re-
lease/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/;
DOD, “Department of War Establishes New Acquisition Model to More than Triple PAC-3 MSE Produc-
tion in Partnership with Lockheed Martin,” press release, January 6, 2026, https:/www.war.gov/News/
Releases/Release/Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-
triple-pac-3-m/; and “RTX’s Raytheon partners with Department of War on five landmark agreements
to expand critical munition production,” RTX, February 4, 2026, https://www.rtx.com/news/news-cen-
ter/2026/02/04/rtxs-raytheon-partners-with-department-of-war-on-five-landmark-agreements-to-exp.

Leslie Cornwall, Christopher Eastburg, and David Padilla, “Programming for Resiliency in the Munitions
Enterprise,” Armed Forces Comptroller 63, no. 4 (Fall 2018): 19-24, https://www.thefreelibrary.com/Pro-
gramming+for+Resiliency+in+the+Munitions+Enterprise-a0565377296.

R.J. Hammond, Profile on Munitions: WWI-SEA 1950-1977 (Rock Island, IL: ARRCOM Historical Office,
1977), 102, https://www.jmc.army.mil/Docs/History/History_of the Ammunition_Industrial.pdf.

Jared Serbu, “The Budget Control Act, Sequestration and a Decade of Budget Chaos,” Federal News
Network, May 7, 2025, https://federalnewsnetwork.com/budget/2025/05/the-budget-control-act-seques-
tration-and-a-decade-of-budget-chaos/.

DOD, Acquisition Transformation Strategy: Rebuilding the Arsenal of Freedom (Washington, DC: DOD,
November 2025), 5, https://media.defense.gov/2025/Nov/10/2003819441/-1/-1/1/ACQUISITION-TRANS-
FORMATION-STRATEGY.PDF.

Department of the Army, Surge Capacity in the Defense Munitions Industrial Base (Washington, DC: DOD,
September 2023), 7, https://asb.army.mil/Portals/105/Reports/2020s/ASB%20FY %2023%20DMIB%20
Report%20(E).pdf?ver=jZRw9v2VxCIqIvsBFsDG4g%3D%3D.

Ibid., 7.

“With the boom for solid rocket motors for missiles, a perilous crunch in the supply chain,” Breaking
Defense, January 12, 2026, https://breakingdefense.com/2026/01/with-the-boom-for-solid-rocket-motors-
for-missiles-a-perilous-crunch-in-the-supply-chain.

Andrew Feickert, “The U.S. Army’s Indirect Fire Protection Capability (IFPC) System,” Congressional
Research Service, IF12421, January 14, 2026, 2, https://www.congress.gov/crs_external_products/IF/PDF/
1F12421/1F12421.1.pdf.

Rumbaugh and Karako | 44


https://www.popularmechanics.com/space/rockets/a19724715/liquid-solid-rocket-fuel-spacex-orbital-atk-blue-origin/
https://www.popularmechanics.com/space/rockets/a19724715/liquid-solid-rocket-fuel-spacex-orbital-atk-blue-origin/
https://apps.dtic.mil/sti/tr/pdf/ADA375231.pdf
https://apps.dtic.mil/sti/tr/pdf/ADA375231.pdf
https://newspaceeconomy.ca/2025/11/10/a-global-guide-to-liquid-propulsion-rocket-engines-active-and-planned/
https://newspaceeconomy.ca/2025/11/10/a-global-guide-to-liquid-propulsion-rocket-engines-active-and-planned/
https://www.asafm.army.mil/Portals/72/Documents/BudgetMaterial/2025/Base%20Budget/Procurement/Missile-Procurement-Army.pdf
https://www.asafm.army.mil/Portals/72/Documents/BudgetMaterial/2025/Base%20Budget/Procurement/Missile-Procurement-Army.pdf
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-triple-pac-3-m/
https://www.war.gov/News/Releases/Release/Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-triple-pac-3-m/
https://www.war.gov/News/Releases/Release/Article/4371320/department-of-war-establishes-new-acquisition-model-to-more-than-triple-pac-3-m/
https://www.rtx.com/news/news-center/2026/02/04/rtxs-raytheon-partners-with-department-of-war-on-five-landmark-agreements-to-exp
https://www.rtx.com/news/news-center/2026/02/04/rtxs-raytheon-partners-with-department-of-war-on-five-landmark-agreements-to-exp
https://www.thefreelibrary.com/Programming+for+Resiliency+in+the+Munitions+Enterprise-a0565377296
https://www.thefreelibrary.com/Programming+for+Resiliency+in+the+Munitions+Enterprise-a0565377296
https://www.jmc.army.mil/Docs/History/History_of_the_Ammunition_Industrial.pdf
https://federalnewsnetwork.com/budget/2025/05/the-budget-control-act-sequestration-and-a-decade-of-budget-chaos/
https://federalnewsnetwork.com/budget/2025/05/the-budget-control-act-sequestration-and-a-decade-of-budget-chaos/
https://media.defense.gov/2025/Nov/10/2003819441/-1/-1/1/ACQUISITION-TRANSFORMATION-STRATEGY.PDF
https://media.defense.gov/2025/Nov/10/2003819441/-1/-1/1/ACQUISITION-TRANSFORMATION-STRATEGY.PDF
https://asb.army.mil/Portals/105/Reports/2020s/ASB%20FY%2023%20DMIB%20Report%20(E).pdf?ver=jZRw9v2VxCIqIvsBFsDG4g%3D%3D
https://asb.army.mil/Portals/105/Reports/2020s/ASB%20FY%2023%20DMIB%20Report%20(E).pdf?ver=jZRw9v2VxCIqIvsBFsDG4g%3D%3D
https://breakingdefense.com/2026/01/with-the-boom-for-solid-rocket-motors-for-missiles-a-perilous-crunch-in-the-supply-chain
https://breakingdefense.com/2026/01/with-the-boom-for-solid-rocket-motors-for-missiles-a-perilous-crunch-in-the-supply-chain
https://www.congress.gov/crs_external_products/IF/PDF/IF12421/IF12421.1.pdf
https://www.congress.gov/crs_external_products/IF/PDF/IF12421/IF12421.1.pdf

58

59
60
61

62
63
64

65
66
67
68

69
70

71
72
73
74

“Switching course: Unhappy with options, US Army considers developing new IFPC interceptor,” Break-
ing Defense, June 19, 2024, https://breakingdefense.com/2024/06/switching-course-unhappy-with-op-
tions-us-army-considers-developing-new-ifpc-interceptor/.

Department of the Army, Surge Capacity, 18.
Mak, Solid Rocket Motors, 7.

Aaron Mehta and Valerie Insinna, “Chaos, cash and COVID-19: How the defense industry survived—and
thrived—during the pandemic,” Defense News, March 15, 2021, https://www.defensenews.com/indus-
try/2021/03/15/chaos-cash-and-covid-19-how-the-defense-industry-survived-and-thrived-during-the-
pandemic/; and Nayantara Hensel, “The Impact of COVID-19 on the U.S. Defense Industrial Base,” DOD
Manufacturing Technology Program, January 20, 2022, https://www.dodmantech.mil/News/News-Dis-
play/Article/2926106/the-impact-of-covid-19-on-the-us-defense-industrial-base/#endnote-018.

Department of the Army, Surge Capacity, 9.
Mak, Solid Rocket Motors, 4.

CSIS Missile Defense Project; “Circular Area Profiles (CAPS) 2020,” Missouri Census Data Center, ac-
cessed June 8, 2026, https://mcdc.missouri.edu/applications/caps2020.html; and data from the 2020
U.S. Census.

Study team interview with subject matter experts, March 4, 2026.
Study team interview with subject matter experts, February 9, 2026.
Department of the Army, Surge Capacity, 9.

William Russell et al., Defense Industrial Base: Actions Needed to Address Risks Posed by Dependence on For-
eign Suppliers, GAO-25-107283 (Washington, DC: Government Accountability Office, 2025), https:/www.
gao.gov/assets/gao-25-107283.pdf; and OASD Industrial Base Policy, Fiscal Year 2021 Industrial Capabilities
Report to Congress (Washington, DC: DOD, 2023), https://www.businessdefense.gov/docs/ resources/
FY2021-Industrial-Capabilities-Report-to-Congress.pdf.

Mak, Solid Rocket Motors.

Interagency Task Force in Fulfillment of Executive Order 13806, Assessing and Strengthening the Manufac-
turing and Defense Industrial Base and Supply Chain Resiliency of the United States (Washington, DC: DOD,
September 2018), 71, https://media.defense.gov/2018/0ct/05/2002048904/-1/-1/1/assessing-and-strength-
ening-the-manufacturing-and%20defense-industrial-base-and-supply-chain-resiliency.pdf; and Office of
Undersecretary of Defense for Acquisition, Technology, and Logistics, SRM Industrial Capabilities Report
(Washington, DC: DOD, 2009), https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&c-
d=&ved=2ahUKEwjupazlpuiSAXW8EVkKFHVtKKn44ChAWegQIMBAB&url=https%3A%2F %2F-
forum.nasaspaceflight.com%2Findex.php%3Faction%3Ddlattach%3Btopic%3D18115.0%3Bat-
tach%3D157687&usg=A0vVaw3QXFjKYGzOtPdoptA899Vb&opi=89978449.

Interagency Task Force, Assessing and Strengthening; and Mak, Solid Rocket Motors.
Interagency Task Force, Assessing and Strengthening.
CSIS Missile Defense Project; and Mak, Solid Rocket Motors.

Nadia Schadlow, “Rocket’s Red Glare: Modernizing America’s Energetics Enterprise,” Hudson Institute,
2022, https://www.hudson.org/supply-chains/rockets-red-glare-modernizing-americas-energetics-en-
terprise; Brian Bender, “The Struggling Arkansas Town That Helped Stop Russia in Its Tracks,” Politico,
September 9, 2022, https://www.politico.com/news/magazine/2022/09/09/ukraine-war-arkansas-weap-
ons-00055124; Interagency Task Force, Assessing and Strengthening; and Mak, Solid Rocket Motors.

Solid Rocket Motors for Missile Defense | 45


https://breakingdefense.com/2024/06/switching-course-unhappy-with-options-us-army-considers-developing-new-ifpc-interceptor/
https://breakingdefense.com/2024/06/switching-course-unhappy-with-options-us-army-considers-developing-new-ifpc-interceptor/
https://www.defensenews.com/industry/2021/03/15/chaos-cash-and-covid-19-how-the-defense-industry-survived-and-thrived-during-the-pandemic/
https://www.defensenews.com/industry/2021/03/15/chaos-cash-and-covid-19-how-the-defense-industry-survived-and-thrived-during-the-pandemic/
https://www.defensenews.com/industry/2021/03/15/chaos-cash-and-covid-19-how-the-defense-industry-survived-and-thrived-during-the-pandemic/
https://www.dodmantech.mil/News/News-Display/Article/2926106/the-impact-of-covid-19-on-the-us-defense-industrial-base/#endnote-018
https://www.dodmantech.mil/News/News-Display/Article/2926106/the-impact-of-covid-19-on-the-us-defense-industrial-base/#endnote-018
https://mcdc.missouri.edu/applications/caps2020.html
https://www.gao.gov/assets/gao-25-107283.pdf
https://www.gao.gov/assets/gao-25-107283.pdf
https://www.businessdefense.gov/docs/
https://media.defense.gov/2018/oct/05/2002048904/-1/-1/1/assessing-and-strengthening-the-manufacturing-and%20defense-industrial-base-and-supply-chain-resiliency.pdf
https://media.defense.gov/2018/oct/05/2002048904/-1/-1/1/assessing-and-strengthening-the-manufacturing-and%20defense-industrial-base-and-supply-chain-resiliency.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjupazlpuiSAxW8EVkFHVtKKn44ChAWegQIMBAB&url=https%3A%2F%2Fforum.nasaspaceflight.com%2Findex.php%3Faction%3Ddlattach%3Btopic%3D18115.0%3Battach%3D157687&usg=AOvVaw3QXFjKYGz0tPdoptA899Vb&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjupazlpuiSAxW8EVkFHVtKKn44ChAWegQIMBAB&url=https%3A%2F%2Fforum.nasaspaceflight.com%2Findex.php%3Faction%3Ddlattach%3Btopic%3D18115.0%3Battach%3D157687&usg=AOvVaw3QXFjKYGz0tPdoptA899Vb&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjupazlpuiSAxW8EVkFHVtKKn44ChAWegQIMBAB&url=https%3A%2F%2Fforum.nasaspaceflight.com%2Findex.php%3Faction%3Ddlattach%3Btopic%3D18115.0%3Battach%3D157687&usg=AOvVaw3QXFjKYGz0tPdoptA899Vb&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjupazlpuiSAxW8EVkFHVtKKn44ChAWegQIMBAB&url=https%3A%2F%2Fforum.nasaspaceflight.com%2Findex.php%3Faction%3Ddlattach%3Btopic%3D18115.0%3Battach%3D157687&usg=AOvVaw3QXFjKYGz0tPdoptA899Vb&opi=89978449
https://www.hudson.org/supply-chains/rockets-red-glare-modernizing-americas-energetics-enterprise
https://www.hudson.org/supply-chains/rockets-red-glare-modernizing-americas-energetics-enterprise
https://www.politico.com/news/magazine/2022/09/09/ukraine-war-arkansas-weapons-00055124
https://www.politico.com/news/magazine/2022/09/09/ukraine-war-arkansas-weapons-00055124

75
76

77

78

79

80

81

82

83

84
85

86

George P. Sutton and Oscar Biblarz, Rocket Propulsion Elements, 9th ed (Hoboken, NJ: Wiley, 2017), 438.

American Pacific Organization, “Annual Report Pursuant to Section 13 or 15(d) of the Securities Exchange
Act 0f 1934,” United States Securities and Exchange Commission, accessed July 2025, https:/www.sec.
gov/Archives/edgar/data/350832/000119312513472044/d598318d10k.htm.

Office of Inspector General, Audit of Purchases of Ammonium Perchlorate Through Subcontracts With a
Single Department of Defense- Approved Domestic Supplier, DODIG-2020-095 (Washington, DC: DOD,
2020), https://www.dodig.mil/reports.html/Article/2271272/audit-of-purchases-of-ammonium-perchlo-
rate-through-subcontracts-with-a-single-d/.

“Annual Report (Form 10-K),” Alliant Techsystems Inc., March 31, 2013, filed May 23, 2013, https://www.
sec.gov/Archives/edgar/data/350832/000119312513472044/d598318d10k.htm.

Valerie Insinna, “With the boom for solid rocket motor for missiles, a perilous crunch in the supply
chain,” Breaking Defense, January 12, 2026, https://breakingdefense.com/2026/01/with-the-boom-for-
solid-rocket-motors-for-missiles-a-perilous-crunch-in-the-supply-chain/.

National Defense Industrial Association, Emerging Technologies Institute, Hypersonics Supply Chains:
Securing the Path to the Future (Arlington, VA: NDIA Emerging Technologies Institute, May 2023), 12,
https://www.ndia.org/-/media/ndia-eti/reports/hypersonics/hypersonics-supply-chain-report-final.pdf;
and Jen Judson, “US industrial base at risk for key rocket motor ingredient,” DefenseNews, June 21, 2017,
https://www.defensenews.com/space/2017/06/21/us-industrial-base-at-risk-for-key-rocket-motor-ingredi-
ent/.

Drew FitzGerald, “Northrop’s Rocket Fuel Factor Is Slow to Take Off,” Wall Street Journal, April 27,
2024, https://www.wsj.com/politics/national-security/northrops-rocket-fuel-factory-is-slow-to-take-oft-
57aa7a27; Insinna, “With the boom for solid rocket motors”; and “Rocket fuel: US Army expanding am-
monium perchlorate sources for artillery,” Janes, https://www.janes.com/defence-intelligence-insights/
defence-news/weapons/rocket-fuel-us-army-expanding-ammonium-perchlorate-sources-for-artillery.

“Application of Ablative Composites to Nozzles for Reusable Solid Rocket Motors,” NASA, February 1,
1999, https://llis.nasa.gov/lesson/672; John Tauriello et al., “A Sustainable and Secure Source of Car-
bonized Rayon for Solid Rocket Motor Nozzles,” American Institute of Aeronautics and Astronautics, July
10-15, 2005, Tucson, Arizona, https://doi.org/10.2514/6.2005-3796; and R.C. Rossi and W.C. Wong, Avail-
ability of Aerospace Rayon for SRM Nozzle Insulators (Reston, VA: American Institute of Aeronautics and
Astronautics, 1995), https://apps.dtic.mil/sti/tr/pdf/ADA318772.pdf.

D. L. Schmidt and R.D. Craig, Advanced Carbon Fabric/Phenolics for Thermal Protection Applications, AF-

WAL-TR-81-4136 (Dayton, OH: Air Force Wright Aeronautical Laboratories, Material Laboratory, Coatings
and Thermal Protective Materials Branch, Nonmetallic Materials Division, 1982), 2, https://apps.dtic.mil/
sti/tr/pdf/ADA116829.pdf.

Rossi and Wong, Availability of Aerospace Rayon.

R.V. Cook et al., “NARC Rayon Replacement Program for the Space Shuttle Reusable Solid Rocket Motor
Nozzle - Screening Summary, NAS8-38100,” Thiokol Propulsion, 2000, 1, https://ntrs.nasa.gov/api/cita-
tions/20000072420/downloads/20000072420.pdf; and ibid., 2.

U.S. Department of War, “Department of War Awards $33.5 Million to Increase Solid Rocket Motor Ca-
pacity and Capability,” press release, September 26, 2025, https://www.war.gov/News/Releases/Release/
Article/4316035/department-of-war-awards-335-million-to-increase-solid-rocket-motor-capacity-an/.

Rumbaugh and Karako | 46


https://www.sec.gov/Archives/edgar/data/350832/000119312513472044/d598318d10k.htm
https://www.sec.gov/Archives/edgar/data/350832/000119312513472044/d598318d10k.htm
https://www.dodig.mil/reports.html/Article/2271272/audit-of-purchases-of-ammonium-perchlorate-through-subcontracts-with-a-single-d/
https://www.dodig.mil/reports.html/Article/2271272/audit-of-purchases-of-ammonium-perchlorate-through-subcontracts-with-a-single-d/
https://www.sec.gov/Archives/edgar/data/350832/000119312513472044/d598318d10k.htm
https://www.sec.gov/Archives/edgar/data/350832/000119312513472044/d598318d10k.htm
https://breakingdefense.com/2026/01/with-the-boom-for-solid-rocket-motors-for-missiles-a-perilous-crunch-in-the-supply-chain/
https://breakingdefense.com/2026/01/with-the-boom-for-solid-rocket-motors-for-missiles-a-perilous-crunch-in-the-supply-chain/
https://www.ndia.org/-/media/ndia-eti/reports/hypersonics/hypersonics-supply-chain-report-final.pdf
https://www.defensenews.com/space/2017/06/21/us-industrial-base-at-risk-for-key-rocket-motor-ingredient/
https://www.defensenews.com/space/2017/06/21/us-industrial-base-at-risk-for-key-rocket-motor-ingredient/
https://www.wsj.com/politics/national-security/northrops-rocket-fuel-factory-is-slow-to-take-off-57aa7a27
https://www.wsj.com/politics/national-security/northrops-rocket-fuel-factory-is-slow-to-take-off-57aa7a27
https://www.janes.com/defence-intelligence-insights/defence-news/weapons/rocket-fuel-us-army-expanding-ammonium-perchlorate-sources-for-artillery
https://www.janes.com/defence-intelligence-insights/defence-news/weapons/rocket-fuel-us-army-expanding-ammonium-perchlorate-sources-for-artillery
https://llis.nasa.gov/lesson/672
https://doi.org/10.2514/6.2005-3796
https://apps.dtic.mil/sti/tr/pdf/ADA318772.pdf
https://apps.dtic.mil/sti/tr/pdf/ADA116829.pdf
https://apps.dtic.mil/sti/tr/pdf/ADA116829.pdf
https://ntrs.nasa.gov/api/citations/20000072420/downloads/20000072420.pdf
https://ntrs.nasa.gov/api/citations/20000072420/downloads/20000072420.pdf
https://www.war.gov/News/Releases/Release/Article/4316035/department-of-war-awards-335-million-to-increase-solid-rocket-motor-capacity-an/
https://www.war.gov/News/Releases/Release/Article/4316035/department-of-war-awards-335-million-to-increase-solid-rocket-motor-capacity-an/

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102
103

The White House, “Modernizing Defense Acquisitions and Spurring Innovation in the Defense Indus-
trial Base,” presidential action, April 2025, https://www.whitehouse.gov/presidential-actions/2025/04/
modernizing-defense-acquisitions-and-spurring-innovation-in-the-defense-industrial-base/; and DOD,
Acquisition Transformation Strategy.

Stephen Losey, “Pentagon to halt upgraded F-35 deliveries in July amid software woes,” Defense News,
June 12, 2023, https://www.defensenews.com/air/2023/06/12/pentagon-to-halt-upgraded-f-35-deliveries-
in-july-amid-software-woes/.

DOD, Acquisition Transformation Strategy, 15.
Subject matter expert interview, January 30, 2026.
DOD, Surge Capacity, 30.

DOD, DoD Instruction 3000.04, Cost Analysis Guidance and Procedures (Washington, DC: DOD, Feb-
ruary 25, 2019), https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/300004p.pd-
f?ver=2019-02-25-133944-863.

U.S. House Committee on Armed Services, Statement of Admiral James W. Kilby before the House Armed
Services Committee, May 6, 2025, https://armedservices.house.gov/uploadedfiles/adm _kilby testimony.pdf.

National Defense Authorization Act for Fiscal Year 2026, Pub. L. No. 119-60, § 362 (2025).

U.S. Department of the Army, Missile Procurement, Army, Fiscal Year (FY) 2026 Budget Estimates (Wash-
ington, DC: Department of the Army, 2025), 23, https://www.asafm.army.mil/Portals/72/Documents/
BudgetMaterial/2026/Discretionary%20Budget/Procurement/Missile%20Procurement%20Army.pdf.

U.S. Congress, National Defense Authorization Act for Fiscal Year 2026, S. 1071, 119th Cong., 1st sess.,
enrolled bill (December 2025), https://www.congress.gov/119/bills/s1071/BILLS-119s1071enr.pdf. The
enrolled bill became Public Law 119-60 on December 18, 2025.

Stacie Pettyjohn and Hannah Dennis, “Production is Deterrence”: Investing in Precision-Guided Weapons
to Meet Peer Challengers (Washington, DC: CNAS, June 2023), https://www.cnas.org/publications/reports/
production-is-deterrence.

James M. Inhofe National Defense Authorization Act for Fiscal Year 2023, Pub. L. No. 117-263 § 1244, 136
Stat. 2844 (2022), https://www.congress.gov/bill/117th-congress/house-bill/7776/text.

U.S. Congress, Consolidated Appropriations Act, 2026, H.R. 7148, 119th Cong., 2nd sess., enrolled bill
(February 4, 2026), https://www.congress.gov/119/bills/hr7148/BILLS-119hr7148enr.pdf.

James M. Inhofe National Defense Authorization Act for Fiscal Year 2023, Pub. L. No. 117-263 § 1244, 136
Stat. 2844 (2022), https://www.congress.gov/bill/117th-congress/house-bill/7776/text.

U.S. Government Accountability Office, Defense Acquisitions: DOD's Practices and Processes for Multiyear
Procurement Should Be Improved, GAO-08-298 (Washington, DC: Government Accountability Office, Feb-
ruary 2008), https://www.gao.gov/assets/gao-08-298.pdf; and Congressional Research Service, Multiyear
Procurement (MYP) and Block Buy Contracting in Defense Acquisition: Background and Issues for Congress,
CRS Report R41909 (Washington, DC: Congressional Research Service, updated December 2025), https://
www.congress.gov/crs_external_products/R/PDF/R41909/R41909.145.pdf.

Congressional Research Service, Multiyear Procurement.

Valerie Insinna, “Key Lawmaker Blasts Pentagon's Last-Minute Push for Multiyear Munitions Package
for FY26,” Breaking Defense, December 10, 2025, https://breakingdefense.com/2025/12/key-lawmaker-
blasts-pentagons-last-minute-push-for-multiyear-munitions-package-for-fy26/.

Solid Rocket Motors for Missile Defense | 47


https://www.whitehouse.gov/presidential-actions/2025/04/modernizing-defense-acquisitions-and-spurring-innovation-in-the-defense-industrial-base/
https://www.whitehouse.gov/presidential-actions/2025/04/modernizing-defense-acquisitions-and-spurring-innovation-in-the-defense-industrial-base/
https://www.defensenews.com/air/2023/06/12/pentagon-to-halt-upgraded-f-35-deliveries-in-july-amid-software-woes/
https://www.defensenews.com/air/2023/06/12/pentagon-to-halt-upgraded-f-35-deliveries-in-july-amid-software-woes/
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/300004p.pdf?ver=2019-02-25-133944-863
https://www.esd.whs.mil/Portals/54/Documents/DD/issuances/dodi/300004p.pdf?ver=2019-02-25-133944-863
https://armedservices.house.gov/uploadedfiles/adm_kilby_testimony.pdf
https://www.asafm.army.mil/Portals/72/Documents/BudgetMaterial/2026/Discretionary%20Budget/Procurement/Missile%20Procurement%20Army.pdf
https://www.asafm.army.mil/Portals/72/Documents/BudgetMaterial/2026/Discretionary%20Budget/Procurement/Missile%20Procurement%20Army.pdf
https://www.congress.gov/119/bills/s1071/BILLS-119s1071enr.pdf
https://www.cnas.org/publications/reports/production-is-deterrence
https://www.cnas.org/publications/reports/production-is-deterrence
https://www.congress.gov/bill/117th-congress/house-bill/7776/text
https://www.congress.gov/119/bills/hr7148/BILLS-119hr7148enr.pdf
https://www.congress.gov/bill/117th-congress/house-bill/7776/text
https://www.gao.gov/assets/gao-08-298.pdf
https://www.congress.gov/crs_external_products/R/PDF/R41909/R41909.145.pdf
https://www.congress.gov/crs_external_products/R/PDF/R41909/R41909.145.pdf
https://breakingdefense.com/2025/12/key-lawmaker-blasts-pentagons-last-minute-push-for-multiyear-munitions-package-for-fy26/
https://breakingdefense.com/2025/12/key-lawmaker-blasts-pentagons-last-minute-push-for-multiyear-munitions-package-for-fy26/

104
105
106

107

108

109

110

1m

112

Congressional Research Service, Multiyear Procurement.
Ibid.

Alexandra G. Neenan, The Defense Production Act of 1950: History, Authorities, and Considerations for
Congress, CRS Report No. R43767 (Washington DC: Congressional Research Service, 2023), https:/www.
congress.gov/crs-product/R43767#_Toc147848615.

Wes Shinego, “DOD Leverages Defense Production Act to Galvanize Critical Supply Chains,” DOD,
December 4, 2024, https://www.war.gov/News/News-Stories/Article/Article/3985393/dod-leverages-de-
fense-production-act-to-galvanize-critical-supply-chains/; DOD, “Department of Defense Awards $14.3
Million to Expand Sources of Solid Rocket Motors,” press release, January 7, 2025, https://www.war.gov/
News/Releases/Release/Article/4022917/department-of-defense-awards-143-million-to-expand-sources-of-
solid-rocket-moto/; The White House, “Fact Sheet: President Donald J. Trump Takes Immediate Action
to Increase American Mineral Production,” fact sheet, March 20, 2025, https://www.whitehouse.gov/fact-
sheets/2025/03/fact-sheet-president-donald-j-trump-takes-immediate-action-to-increase-american-min-
eral-production; DOD, “DOD Announces $2.1 Million Defense Production Act Title III Agreement with
Nalas Engineering Services to Strengthen the Domestic Critical Chemicals Industrial Base,” press release,
March 21, 2022, https://www.war.gov/News/Releases/Release/Article/2972560/dod-announces-21-million-
defense-production-act-title-iii-agreement-with-nalas; and DOD, “DOD Announces $10 Million Defense
Production Act Title IIT Agreement with Six Sigma to Strengthen the Domestic Microelectronics Industri-
al Base,” press release, May 24, 2023, https://www.war.gov/news/releases/release/article/3404320/dod-
announces-10-million-defense-production-act-title-iii-agreement-with-six-si/.

Department of War, “Department of War Announces $1 Billion Direct-to-Supplier Investment to Secure
the U.S. Solid Rocket Motor Supply Chain,” press release, January 13, 2026, https://www.war.gov/News/
Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-
to-secure-t/.

Department of War, “Department of War Announces $33.5 Million to Increase Solid Rocket Motor Ca-
pacity and Capability,” press release, September 26, 2025, https://www.war.gov/News/Releases/Release/
Article/4316035/department-of-war-awards-335-million-to-increase-solid-rocket-motor-capacity-an/.

“Other Transaction Authority Overview,” (presentation, Defense Acquisition University and National
Defense Industrial Association, February 8, 2024), https://www.dau.edu/sites/default/files/2024-02/
NDIA%20DAU%200T%20Presentation%202.8.24.pdf; and Office of the Under Secretary of Defense
for Acquisition and Sustainment, DoD Other Transactions Guide, Version 2.0 (Washington, DC: DOD,
updated July 11, 2025), https://www.acq.osd.mil/asda/dpc/cp/policy/docs/guidebook/DoD%200T%20
Guide%20(July%202023)%20-%20508%20Update_11Jul2025.pdf.

“Awards,” Aviation & Missile Technology Consortium, accessed June 5, 2026, https://www.amtcenter-
prise.org/awards/; “Lockheed Martin Secures OTA Project Agreement for Integrated Fires Protection
Capability 2nd Interceptor,” Lockheed Martin, October 16, 2025, https://news.lockheedmartin.com/lock-
heed-martin-secures-ota-project-agreement-for-integrated-fires-protection-capability-2nd-interceptor;
“Boeing, Anduril Team on Bid for Future Air Defense System,” Boeing, December 18, 2025, https://www.
boeing.com/features/2025/12/boeing-anduril-team-on-bid-for-future-air-defense-system; and U.S. Gener-
al Services Administration, “Contract Award W519TC2392048,” SAM.gov, accessed June 5, 2026, https://
sam.gov/workspace/contract/award/view/W519TC2392048.

“U.S. Approves Possible $15 Billion Sale of THAAD Missiles to Saudi Arabia,” Reuters, October 6, 2017,
https://www.reuters.com/article/world/us-approves-possible-15-billion-sale-of-thaad-missiles-to-saudi-
arabia-idUSKBN1CB2LS/.

Rumbaugh and Karako | 48


https://www.congress.gov/crs-product/R43767#_Toc147848615
https://www.congress.gov/crs-product/R43767#_Toc147848615
https://www.war.gov/News/News-Stories/Article/Article/3985393/dod-leverages-defense-production-act-to-galvanize-critical-supply-chains/
https://www.war.gov/News/News-Stories/Article/Article/3985393/dod-leverages-defense-production-act-to-galvanize-critical-supply-chains/
https://www.war.gov/News/Releases/Release/Article/4022917/department-of-defense-awards-143-million-to-expand-sources-of-solid-rocket-moto/
https://www.war.gov/News/Releases/Release/Article/4022917/department-of-defense-awards-143-million-to-expand-sources-of-solid-rocket-moto/
https://www.war.gov/News/Releases/Release/Article/4022917/department-of-defense-awards-143-million-to-expand-sources-of-solid-rocket-moto/
https://www.whitehouse.gov/fact-sheets/2025/03/fact-sheet-president-donald-j-trump-takes-immediate-action-to-increase-american-mineral-production
https://www.whitehouse.gov/fact-sheets/2025/03/fact-sheet-president-donald-j-trump-takes-immediate-action-to-increase-american-mineral-production
https://www.whitehouse.gov/fact-sheets/2025/03/fact-sheet-president-donald-j-trump-takes-immediate-action-to-increase-american-mineral-production
https://www.war.gov/News/Releases/Release/Article/2972560/dod-announces-21-million-defense-production-act-title-iii-agreement-with-nalas
https://www.war.gov/News/Releases/Release/Article/2972560/dod-announces-21-million-defense-production-act-title-iii-agreement-with-nalas
https://www.war.gov/news/releases/release/article/3404320/dod-announces-10-million-defense-production-act-title-iii-agreement-with-six-si/
https://www.war.gov/news/releases/release/article/3404320/dod-announces-10-million-defense-production-act-title-iii-agreement-with-six-si/
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4376463/department-of-war-announces-1-billion-direct-to-supplier-investment-to-secure-t/
https://www.war.gov/News/Releases/Release/Article/4316035/department-of-war-awards-335-million-to-increase-solid-rocket-motor-capacity-an/
https://www.war.gov/News/Releases/Release/Article/4316035/department-of-war-awards-335-million-to-increase-solid-rocket-motor-capacity-an/
https://www.dau.edu/sites/default/files/2024-02/NDIA%20DAU%20OT%20Presentation%202.8.24.pdf
https://www.dau.edu/sites/default/files/2024-02/NDIA%20DAU%20OT%20Presentation%202.8.24.pdf
https://www.acq.osd.mil/asda/dpc/cp/policy/docs/guidebook/DoD%20OT%20Guide%20(July%202023)%20-%20508%20Update_11Jul2025.pdf
https://www.acq.osd.mil/asda/dpc/cp/policy/docs/guidebook/DoD%20OT%20Guide%20(July%202023)%20-%20508%20Update_11Jul2025.pdf
https://www.amtcenterprise.org/awards/
https://www.amtcenterprise.org/awards/
https://news.lockheedmartin.com/lockheed-martin-secures-ota-project-agreement-for-integrated-fires-protection-capability-2nd-interceptor
https://news.lockheedmartin.com/lockheed-martin-secures-ota-project-agreement-for-integrated-fires-protection-capability-2nd-interceptor
https://www.boeing.com/features/2025/12/boeing-anduril-team-on-bid-for-future-air-defense-system
https://www.boeing.com/features/2025/12/boeing-anduril-team-on-bid-for-future-air-defense-system
http://SAM.gov
https://sam.gov/workspace/contract/award/view/W519TC2392048
https://sam.gov/workspace/contract/award/view/W519TC2392048
https://www.reuters.com/article/world/us-approves-possible-15-billion-sale-of-thaad-missiles-to-saudi-arabia-idUSKBN1CB2L8/
https://www.reuters.com/article/world/us-approves-possible-15-billion-sale-of-thaad-missiles-to-saudi-arabia-idUSKBN1CB2L8/

113

114

115

116

17

118

119

120
121

122

Rumbaugh, “The Depleting Missile Defense Interceptor Inventory”; and Mark F. Cancian and Chris H.
Park, “Rebuilding U.S. Missile Inventory: A Multiyear Project,” CSIS, Commentary, May 27, 2026, https://
www.csis.org/analysis/rebuilding-us-missile-inventory-multiyear-project.

Alistair MacDonald, “Gulf Allies Turn Away From U.S. for Fresh Ammo,” Wall Street Journal, April 12,
2026, https://www.wsj.com/world/gulf-allies-turn-away-from-u-s-for-fresh-ammo-9960be73.

“Defence Expenditure of NATO Countries (2014-2025),” NATO, 2025, https://www.nato.int/content/dam/
nato/webready/documents/finance/def-exp-2025-en.pdf.

“Europe’s Reliance on US Arms ‘a Liability’, Defence Expert Says,” France 24, April 3, 2026, https://
www.france24.com/en/any-weapon-europe-buys-from-the-us-is-a-liability-rearmament-expert-says; and
Max Bergmann, Otto Svendsen, and Jon Burchell, “Europe Needs an ASAP Program for Air Defense,”
CSIS, CSIS Brief, March 23, 2026, https://www.csis.org/analysis/europe-needs-asap-program-air-defense.

“Guided Weapons and Explosive Ordnance Enterprise,” Australian Defence Ministry, accessed October
23, 2025, https://www.defence.gov.au/business-industry/industry-capability-programs/guided-weap-
ons-explosive-ordnance-enterprise.

“Albanese Government invests in Domestic Rocket Motor Program,” Australian Defence Ministry,
September 16, 2024, https://www.minister.defence.gov.au/media-releases/2024-09-16/albanese-govern-
ment-invests-domestic-rocket-motor-program.

Tom Karako, “A Marie Kondo Moment for MTCR: Tidying Up the U.S. Approach to Missile Proliferation,”
CSIS, CSIS Brief, September 23, 2025, https://www.csis.org/analysis/marie-kondo-moment-mtcr.

“Locations,” Nammo, accessed October 23, 2025, https://www.nammo.com/location/locations/.

“RTX’s Raytheon awards dual-source contracts for solid rocket motor development,” RTX, April 7, 2025,
https://www.rtx.com/news/news-center/2025/04/07/rtxs-raytheon-awards-dual-source-contracts-for-sol-
id-rocket-motor-development.

“Locations,” Nammao.

Solid Rocket Motors for Missile Defense | 49


https://www.csis.org/analysis/rebuilding-us-missile-inventory-multiyear-project
https://www.csis.org/analysis/rebuilding-us-missile-inventory-multiyear-project
https://www.wsj.com/world/gulf-allies-turn-away-from-u-s-for-fresh-ammo-9960be73
https://www.nato.int/content/dam/nato/webready/documents/finance/def-exp-2025-en.pdf
https://www.nato.int/content/dam/nato/webready/documents/finance/def-exp-2025-en.pdf
https://www.france24.com/en/any-weapon-europe-buys-from-the-us-is-a-liability-rearmament-expert-says
https://www.france24.com/en/any-weapon-europe-buys-from-the-us-is-a-liability-rearmament-expert-says
https://www.csis.org/analysis/europe-needs-asap-program-air-defense
https://www.defence.gov.au/business-industry/industry-capability-programs/guided-weapons-explosive-ordnance-enterprise
https://www.defence.gov.au/business-industry/industry-capability-programs/guided-weapons-explosive-ordnance-enterprise
https://www.minister.defence.gov.au/media-releases/2024-09-16/albanese-government-invests-domestic-rocket-motor-program
https://www.minister.defence.gov.au/media-releases/2024-09-16/albanese-government-invests-domestic-rocket-motor-program
https://www.csis.org/analysis/marie-kondo-moment-mtcr
https://www.nammo.com/location/locations/
https://www.rtx.com/news/news-center/2025/04/07/rtxs-raytheon-awards-dual-source-contracts-for-solid-rocket-motor-development
https://www.rtx.com/news/news-center/2025/04/07/rtxs-raytheon-awards-dual-source-contracts-for-solid-rocket-motor-development

CENTER FOR STRATEGIC &
INTERNATIONAL STUDIES

CSIS

1616 Rhode Island Avenue NW, Washington, DC 20036
202.887.0200 | www.csis.org

FOLLOW CSIS

f XinD © @G



