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Rotorcraft Supply Chain

The rotorcraft supply chain encompasses a vital segment of the United States (U.S.) aerospace and defense industrial base (DIB). This
industry includes establishments primarily engaged in the development, production, integration, and maintenance of rotary-wing aircraft
systems, such as helicopters and tiltrotors, as well as their key subsystems and components.

Rotorcraft manufacturing and sustainment depend on an array of foundational inputs, including high-performance materials (e.g., titanium
and carbon fiber composites), advanced electronics, propulsion systems, precision machining, and structural components. These are
sourced from both domestic and international suppliers. Once assembled or repaired, rotorcraft are delivered to military, commercial,

and public-sector operators for deployment in critical missions ranging from national defense and medevac operations to infrastructure
inspection and law enforcement.

This industry supports a broad spectrum of critical infrastructure areas, including emergency services, healthcare and public health,

and transportation systems. The rotorcraft supply chain also enables downstream industries by supplying mission-specific platforms and
components for defense systems, border protection, and homeland security. It intersects with lifeline functions such as energy (e.g., utility
grid inspection), water (emergency access), and communications (via airborne sensor platforms).
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Rotorcraft Supply Chain Market Overview

High-Level Supply Chain Structure

The U.S. rotorcraft supply chain is a complex, multi-tiered ecosystem supporting commercial, medevac, reconnaissance, attack, and
transport helicopters. It is shaped by advanced technology requirements, global disruptions, regulatory demands, and evolving market
dynamics.

Key Components:

 Engines: Central to performance and reliability; engine maintenance, repair, and overhaul (MRO) is a $27.6 billion market projected to
grow to $43.1 billion by 2030. Current challenges include new-generation integration, legacy fleet maintenance, and retrofit surges.

* Avionics and Electronics: Increasingly digital and complex, given persistent semiconductor shortages and redesign costs. Advanced
avionics are critical for all mission types, especially medevac and military platforms.

* Airframes and Structures: Dominated by composites, with titanium and aluminum alloys also essential. Composites offer weight and
maintenance advantages but face supply and cost challenges.

* Transmissions and Gears: Precision-forged and machined, often sole-sourced, causing bottlenecks in 60% of critical parts.

* Other Systems: Include landing gear, hydraulics, interiors, and mission-specific payloads (e.g., medical equipment, sensors, weapon
systems).

Tiered Supplier Network:

* Original Equipment Manufacturers (OEMs): Sikorsky, Boeing, Leonardo, and Kaman anchor the U.S. market, supported by major
propulsion (General Electric (GE), Pratt & Whitney), avionics (Collins, British Aerospace (BAE)), and structures (Kaman, Composiflex)
suppliers.

* Tier 1/2/3 Suppliers: Hundreds of specialized firms provide precision machining, composites, castings, and electronics; these are
especially concentrated in the Northeastern U.S. (‘Aerospace Alley”).

Market Size and Growth:

* Global Aircraft Parts Market: Estimated at $849.1 billion in 2024 and projected to reach $1,409.7 billion by 2034 (Compound Annuall
Growth Rate (CAGR) of 5.2%). The U.S. alone accounted for $228.6 billion in 2024, growing at 5.9% annually.

* Military Rotorcraft: Valued at $36.7 billion in 2023 and expected to reach $89.4 billion by 2033 (CAGR of 9.3%), driven by fleet
modernization and new procurement (e.g., Future Vertical Lift (FVL) programs).

» Commercial Rotorcraft: Represents 17% of overall commercial aviation, with demand rebounding post-pandemic but still facing supply
chain constraints.

* Materials Market: The aerospace materials market is growing at an 8.5% CAGR, with lightweight composites and titanium seeing the
fastest gains due to performance and sustainability needs.
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Rotorcraft Supply Chain Market Overview

Current Market Dynamics

Demand and Capacity:

* Civil and Military Demand: Both sectors are driving growth, with civil rotorcraft utilization up 11.6%; revenue passenger kilometers
(RPKs) and military readiness needs are fueling spare parts and MRO demand.

* Backlogs and Lead Times: Aircraft and rotorcraft backlogs stretch more than a decade; supply delays for critical materials and parts are
common.

Supply Chain Stressors:

* Critical Material Constraints: Global shortages and price inflation exist for composites, titanium, and rare earth elements. Counterfeit
risks and import dependencies (notably on China) remain high.

* Digitalization & Resilience: Many aerospace leaders are piloting digital twins and blockchain for traceability. “Friendly-shoring” and
dual-sourcing strategies are being adopted to reduce risk.

Cost Pressures:
» Materials: MRO material inflation is increasing; composite costs remain significantly above metals.
* Labor and Logistics: Manufacturing compensation and shipping costs have risen sharply, impacting overall production economics.

* Regulatory Compliance: Certification costs (e.g., Federal Aviation Administration (FAA), National Aerospace and Defense Contractors
Accreditation Program (NADCAP)) are high.

Key Trends and Technologies:
» Composites and Additive Manufacturing (AM): Rapid adoption for structural, rotor, and secondary parts; AM is projected to grow.

» Automation and Digital Thread: Industry 4.0 technologies (robotic machining, digital twins) are being implemented to boost efficiency
and transparency.

* Aftermarket Services: Predictive maintenance, subscription-based MRO, and digital service models are growing, helping operators
manage costs and downtime.

» Sustainability: Net-zero carbon targets by 2050 are driving sustainable aviation fuel (SAF) adoption and emissions reduction in MRO.
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Rotorcraft Supply Chain Regulations

Table I: Key Regulatory Domains by Rotorcraft Mission:

Regulatory Area

FAA Certification
DoD/ITAR/EAR

Hazmat Standards
AS9100/NADCAP
Cybersecurity (C-SCRM)
Environmental (SAF/ESG)
Workforce Certification

GAO/DoD Readiness

Commercial

v

SIS SIS

Medevac

v

SISIS SIS S

Recon/Attack Transport
v v
v v
v v
v v
v v
v v
v v
v v
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Regional Segmentation & Structure

Geographic Scope:

* Nine states: Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont.
Supply Chain Tiers:

* OEMs: Sikorsky, Leonardo, Boeing Vertical Lift, Kaman

* Tier 1: GE (engines), Pratt & Whitney, Collins Aerospace, BAE Systems, PCX/Purdy, Aero Gear, Kaman (composites)

* Tier 2/3: More than 150 AS9100/ITAR-registered machine shops in Connecticut and Massachusetts, more than 50 in Pennsylvania; in
excess of 15 composites specialists, and eight major foundries in Pennsylvania and New Hampshire.

Connecticut (“Aerospace Alley”):

* Industry Density: Connecticut is the top U.S. location for aircraft engine and engine parts manufacturing in terms of both jobs and
Gross Domestic Product (GDP), with more than 23% of all U.S. aircraft engine and parts manufacturing occurring in the state.

* Company Presence: The state is home to more than 250 aerospace manufacturing companies and over 25,000 aerospace employees,
Connecticut has the some of the highest aerospace employment concentration and most productive aerospace workforces in the nation.

* Engineering Talent: The state boasts the seventh highest concentration of aerospace engineers in the U.S.

* Federal Contracts: Connecticut perennially receives the most federal contract dollars per capita, with a significant portion directed to
defense, advanced materials, and precision components.

* Cluster Effect: The ‘Aerospace Alley” cluster in the greater Hartford region is recognized for its dense concentration of precision
engineering and advanced manufacturing firms, including Sikorsky (Lockheed Martin), Pratt & Whitney (RTX), and Kaman.

* Recent Investments: International companies, such as Hanwha Aerospace, have relocated key operations to Connecticut to be closer
to major customers and leverage the skilled workforce, further strengthening the cluster.

Massachusetts (Lynn/Boston):

* Propulsion Hub: GE Aerospace’s propulsion center in Lynn/Boston is a major regional anchor, supporting both commercial and defense
rotorcraft programs.

» Recent Upgrades: The GE site is undergoing a $31 million upgrade in 2025, reinforcing its role as a critical supplier of engines and
propulsion systems for the industry.

New Hampshire/New York Corridor:

* Electronics and Avionics: BAE Systems operates major electronics centers in this corridor, employing more than 1,000 and specializing
in avionics, electronic warfare, and battery systems for hybrid and electric rotorcraft.

Pennsylvania (Philadelphia):

* OEM Presence: Philadelphia is home to Leonardo US (over 800 employees, sourcing more than $250 million annually from U.S.
suppliers) and Boeing Vertical Lift, which produces and modernizes the CH-47 Chinook and V-22 Osprey.

* Supply Chain Depth: The region supports a large ecosystem of Tier 2/3 suppliers, including more than 50 AS9100/ITAR-registered
CNC shops and major foundries.

Tiered Supplier Network:

* OEMs: Sikorsky, Leonardo, Boeing Vertical Lift, and Kaman anchor the region, driving demand for high-value subsystems and
precision parts.

e Tier 1: Major subsystem suppliers (GE, Pratt & Whitney, Collins Aerospace, BAE Systems, PCX/Purdy, Aero Gear, Kaman) provide
engines, avionics, gearboxes, and composites.

* Tier 2/3: The Northeast has a dense network of suppliers (as noted above), enabling rapid prototyping, scaling, and redundancy.
Additional Regional Insights:

* Networking and Resilience: The high density of operators and suppliers in the Northeast fosters strong networking, enabling
companies to share parts and support each other during shortages or supply chain disruptions, and helping to minimize aircraft-on-
ground (AOGQG) situations.

* Supply Chain Strategy: The region’s concentration of advanced manufacturing, engineering talent, and federal investment supports
ongoing efforts to reshore supply chains, dual-source critical components, and invest in automation and digitalization.

* Economic Impact: Aerospace manufacturing is a major driver of exports and economic activity in the region, with aerospace products
in Connecticut alone accounting for a large portion of all state exports.
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Leading Manufacturers Within Supply Chain

The Northeastern U.S. rotorcraft ecosystem is anchored by a set of globally recognized manufacturers and subsystem suppliers, each
playing a distinct role within the supply chain. Their activities range from complete helicopter assembly and system integration (OEMSs) to
specialized component manufacturing and advanced technology development (Tier 1 and Tier 2/3 suppliers).

Table II: Major OEMSs:

Manufacturer Location(s)

Sikorsky (Lockheed Martin) | Stratford, CT;
Coatesville, PA

Leonardo Helicopters US Philadelphia, PA

Boeing Vertical Lift Ridley Park, PA

Kaman Corporation Bloomfield, CT

Core Products & Programs

UH-60 Black Hawk, S-92,
S-76D, VH-3/VH-60
(Presidential)

AW139, AW119, AW609
tiltrotor, TH-73A

CH-47 Chinook, V-22 Osprey
(with Bell)

K-MAX, SH-2G Super
Seasprite, KARGO unmanned
air vehicle (UAV)

Supply Chain Role & Capabilities

Largest rotorcraft employer in Connecticut
(>15,000); pioneer in advanced manufacturing
(additive, composites); major defense and
commercial contracts; drives demand for
high-value subsystems and precision parts.

Major U.S. production and R&D hub; >800
employees; >$250 million/year sourced from
U.S. suppliers; invests in digital twin, modular
payloads, and advanced composites;
supports both defense and commercial
markets.

4,100-employee facility; produces and
modernizes heavy-lift and tiltrotor aircraft;
LEED-certified plant; key driver of regional
supply chain demand for large structures,
gearboxes, and avionics.

Legacy in all-composite rotors; provides
proprietary bearings, complex aerostructures,
and helicopter restoration; recent $1.8 billion
acquisition expands capabilities in advanced
manufacturing and supply chain reach.
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Leading Manufacturers Within Supply Chain

Table Ill: Key Tier 1 Subsystems Suppliers:

Manufacturer

GE Aerospace

Pratt & Whitney (Raytheon
Technologies)

Collins Aerospace

BAE Systems

PCX Aerosystems/ Purdy

Aero Gear

Composiflex

Location(s)

Lynn, MA

East Hartford, CT

Windsor Locks,
CT; NY

Nashua, NH,;

Endicott, NY

CT, NH

Windsor, CT

Erie, PA

Core Products & Programs

T700/CT7, T408 engines

PT6, PW200/210 engines

Fly-by-wire controls, HUMS,
actuators

FADEC, electronic warfare,

batteries

Transmissions, gearboxes

Precision gears

Composite structures

Supply Chain Role & Capabilities

Powers >20,000 rotorcraft globally;
recent $31 million site upgrade; essential
for propulsion systems in military and
commercial helicopters.

Supplies engines for light and medium
helicopters; critical for both OEM production
and aftermarket support.

Major supplier of avionics, health monitoring,
and flight control systems; supports

digital thread initiatives and advanced
manufacturing.

Provides electronic controls, battery systems
for hybrid/electric rotorcraft, and advanced
avionics.

Supplies precision gears and drive systems
with extremely tight tolerances; recent
mergers and acquisitions (M&A) activity
consolidates expertise.

Supplies high-tolerance gears for
transmissions and rotor systems; key to
drivetrain reliability.

Manufactures advanced composite parts for
airframes and rotor systems, supporting the
shift to lightweight materials.

S
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Leading Manufacturers Within Supply Chain

Tier 2/3 and Specialized Suppliers:

* Precision Machining: Significant numbers of AS9100/ITAR-registered CNC shops in Connecticut, Massachusetts, and Pennsylvania
provide critical machining for engine, gearbox, and structural components, often to tolerances of 0.0001” This dense network enables
rapid prototyping and scaling for OEMs and Tier 1s.

» Composites and Advanced Manufacturing (AM): At least 15 specialized firms (e.g., Composiflex, Mica-Tron) supply thermoset and
thermoplastic composite parts. Sikorsky and GE Additive lead in prototyping and low-volume production of certified AM parts.

* Casting and Forging: Numerous major foundries in Pennsylvania and New Hampshire (e.g., Ellwood City Forge, Hitchiner) supply key
forgings for transmissions and structural assemblies.

Other Notable Industry Leaders:

* Rotorcraft Services Group (RSG): Based in Texas but with strong ties to major OEMs, RSG provides modification, retrofit, and
component overhaul services for both commercial and military helicopters, including for models built by Sikorsky, Bell, Airbus, and
Leonardo. RSG is a recognized leader in aftermarket support and parts manufacturing.

* Global Tier 1/2 Players with Regional Impact:

* Airbus Helicopters: Active in the U.S. market, though primary U.S. manufacturing is outside the Northeast.
* Textron (Bell): Supplies components and technology for tiltrotor and conventional rotorcraft programs.
Supply Chain Influence and Strategic Position:

* OEMs like Sikorsky, Leonardo, Boeing, and Kaman anchor the region’s rotorcraft ecosystem. The large-scale contracts, integration
of advanced technologies (composites, digital twins, AM), and investment in workforce development set the pace for the broader
supply chain.

e Tier 1 suppliers (GE, Pratt & Whitney, Collins, BAE, PCX, Aero Gear) are essential for propulsion, avionics, and drivetrain systems,
often operating as single/sole-source providers for critical parts.

* Tier 2/3 suppliers offer flexibility and specialization, supporting rapid innovation and resilience, but face challenges with labor
shortages, cost pressures, and regulatory complexity.

* Recent M&A activity (e.g., Kaman acquisition, PCX—Purdy merger) reflects ongoing consolidation to achieve scale, vertical integration,
and supply chain robustness.

WWW.DVIRC.ORG l O



Supply Chain Challenges & Opportunities

Major Challenges & Shortcomings

Critical Material Shortages and Bottlenecks:

» Composites and Titanium: Global carbon fiber shortages have created 9-12 month backlogs, with lead times for key materials up 30-45
days and costs up 25%. Titanium supply is unreliable and decreasing, with counterfeit material from China forcing extensive X-ray and
ultrasound inspections of suspect parts.

* Import Dependencies: The U.S. is 100% import-dependent for critical inputs like cobalt, titanium sponge, gallium, and most rare earths,
many of which are sourced from geopolitically sensitive regions like China. This exposes the supply chain to disruptions from trade
tensions and global conflicts.

Parts Availability and Lead Times:

* Long Lead Times: Lead times for castings and forgings have been increasing, with 60% of critical parts being sole-sourced, creating
significant bottlenecks in production and maintenance.

 Spare Parts Shortages: Operators are forced to spend millions upfront to secure parts needed years in advance, as parts support is
hampered by rising prices and unpredictable lead times. AOG rates are rising, with some fleets grounded due to lack of spares.

Obsolescence and Legacy Systems:

* Aging Components: 70% of defense microchips are obsolete within 10 years, driving increased costs for legacy part replacements by
as much as 300%. Obsolescence leads to additional costs in the sector each year.

* Regulatory Barriers: Certification cycles for new materials and parts are lengthy and expensive, slowing the adoption of new, more
resilient components.

Cybersecurity Vulnerabilities:

» Supply Chain Attacks: Cyberattacks on aviation supply chains have risen significantly since 2020, with ransomware incidents up 600%
and 50% of disruptions now cyber-related. Weaknesses in third- and fourth-party systems (vendors and their suppliers) are often
exploited, leading to data breaches, malware insertion, and counterfeit parts.

* Cost of Breaches: The average cost of a supply chain cyber breach is $4.3 million, with a 30% annual probability of a significant
breach.

Tier Visibility and Single-Source Risks:

* Limited Transparency: Only 2% of aerospace firms have visibility beyond their Tier 2 suppliers, making it difficult to anticipate or
mitigate upstream disruptions.

* Single-Source Bottlenecks: 60% of DoD electronics are single-sourced, amplifying vulnerability to supplier failures or geopolitical
shocks.

Cost Pressures and Inflation:
» Material and Logistics Inflation: MRO material inflation was 8.3% in 2023, with an additional 25% attributed to ongoing disruptions.

* Regulatory Compliance: High costs for material certification and sustainability mandates (e.g., SAF at 3x the price of kerosene) further
strain margins.

Demand-Capacity Mismatches:

* Backlogs: Jet and rotorcraft backlogs stretch up to 14 years, with supply delays of 30-45 days even for standard components.

* Aftermarket Strain: Engine overhauls can take up to 14 months in 2025, and 42% of executives expect further cost increases for MRO.
Vulnerabilities:

» Geopolitical Exposure: Reliance on foreign sources for critical materials and components makes the supply chain susceptible to
international conflict, trade policy shifts, and embargoes.

* Aging Fleet and Maintenance: The combination of an aging fleet and parts shortages increases the risk of extended aircraft downtime
and diminished mission readiness, especially for military and medevac operators.

* Cyber-Physical Convergence: As digitalization increases, the risk of cyberattacks affecting physical operations (e.g., malware in
avionics or maintenance systems) grows.
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Supply Chain Challenges & Opportunities

Opportunities:

Digitalization and Predictive Analytics:

* Digital Twins and Blockchain: 74% of aerospace leaders are piloting digital twin and blockchain solutions to improve traceability, reduce
counterfeit risk, and enhance end-to-end supply chain visibility.

* Predictive Maintenance: Artificial Intelligence (Al)-driven predictive analytics are being implemented in fleets, cutting unplanned costs
and improving spare parts forecasting.

Advanced Manufacturing and Materials Innovation:

e AM: The market for 3D-printed aircraft parts is projected to reach $3 billion by 2030, with lead-time reductions of more than 50% on
select parts and significant tooling cost savings.

» Advanced Composites: Ongoing R&D in thermoplastics, nanocomposites, and smart materials promises faster production cycles,
enhanced durability, and improved recyclability.

Aftermarket and Digital Service Growth:

* Subscription-Based MRO: Aftermarket services and digital MRO models are growing at a 20% CAGR, offering new revenue streams
and more flexible, proactive maintenance solutions.

* Rotable Pools: Building out pools of rotable parts (those that wear but can be repeatedly returned to usable condition) can help
operators maintain fleet readiness and reduce downtime, especially as supply chain volatility persists.

Sustainability and ESG Initiatives:
¢ Emissions: Industry-wide commitments to MRO emissions-reduction targets are driving innovation in green materials and processes.

* Circular Economy: Investment in recycling and sustainable materials (e.g., bio-resins, thermoplastics) addresses both regulatory
pressures and long-term cost control.
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Work Force Trends & Challenges

Workforce Trends and Challenges in the U.S. Rotorcraft Supply Chain

The U.S. rotorcraft sector is experiencing profound workforce pressures that threaten both current operations and future growth. These
challenges are driven by demographic shifts, skills gaps, rising labor costs, and the accelerating pace of technological change.

Key Workforce Trends:

Aging Workforce and Retirements:
* Approximately 25—29% of the aerospace and defense workforce is 55 or older, with a quarter expected to retire by 2030.

* This “gray-to-green” transition is leading to a significant loss of institutional knowledge and experience, particularly in skilled trades and
engineering roles.

Technician and Engineering Shortages:

* The U.S. faces a 9% technician gap by 2027, with a projected shortage of more than 40,000 maintenance technicians by 2036.
* The shortage is acute in MRO, with vacancy rates exceeding 7% in key regions like Connecticut and Massachusetts.

* Nationally, the commercial aerospace segment may require an additional 123,000 technicians over the next two decades.
Workforce Demand Outpaces Supply:

* Demand for aerospace engineers is projected to grow 6% through 2033, while demand for technologists and technicians is expected to
rise 8% over the same period.

* The sector employs more than 2.2 million people in the U.S.; average salaries are nearly 50% above the national average, yet it still
struggles to attract and retain talent.

Regional Labor Market Pressures:
e Labor costs in Northeastern manufacturing hubs are 15-20% above the national average, intensifying competition for skilled workers.

* Despite strong university pipelines (9,000+ new engineers and technicians annually in the Northeast), persistent technician shortages
remain.

Major Challenges

Attracting and Retaining Talent:
* 67% of aerospace and defense firms cite attracting and retaining a quality workforce as a top business challenge.

* Pay-driven attrition is rising (from 5.7% to 7.1% between 2021 and 2022), and firms are increasingly offering hybrid work and higher
wages to compete.

Skills Gaps and Upskilling Needs:

* There is a significant mismatch between available talent and required skills in supply chain management, production planning, contract
management, and supplier quality.

* The rapid adoption of digital technologies (Al, automation, AM) is outpacing the ability of the workforce to adapt, necessitating major
upskilling and reskilling initiatives.

Impact on Readiness and Productivity:

* Maintenance technician shortages have directly impacted military readiness, with platforms like the CH-47F Chinook failing to meet
mission-capable targets due to insufficient maintenance technicians.

* Existing staff are shouldering heavier workloads, leading to burnout, increased risk of errors, and potential safety issues.
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Work Force Trends & Challenges

Pipeline and Diversity Initiatives:

* Companies are expanding early talent pipelines via trade schools, apprenticeships, and industry-academia partnerships, but these
efforts are still ramping up.

* Programs like Advanced Manufacturing Training and Expansion Program (AMTEP) have placed more than 200 advanced-
manufacturing technicians since 2022, but more scale is needed.

Strategic Responses

Digital Upskilling and Training Modernization:

* Major OEMs and suppliers are piloting digital upskilling programs and investing in training modernization
(e.g., FAA Part 147/145 updates).

* 67% of firms are investing in digital planning and advanced production scheduling (APS) tools.
Collaboration and Industry Partnerships:

* The sector is embracing collaboration between OEMs, suppliers, and educational institutions to share resources and best practices,
particularly in MRO.

» Shared digital platforms and workforce development partnerships are seen as key to building resilience.

Table IV: Key Workforce Metrics:

Metric 2025 Status/Projection

Technician Shortage (U.S.) 9% gap by 2027; 40,613 shortfall by 2036
Workforce Age 55+ 25-29% of sector

Anticipated Retirements (2030) 25% of workforce

Engineering/Tech Job Growth 6-8% through 2033

Regional Technician Vacancies >7% in Connecticut/Massachusetts
Average Salary $112,000/year (50% above U.S. average)
Hybrid Work Adoption 65% of firms

Digital Upskilling Investment 67% of firms
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Rotorcraft Industry Buyers & Suppliers

SUPPLIERS BUYERS

Advanced Materials Manufacturing Department of Defense (DoD)
Precision Machining and CNC Shops Homeland Security & Law Enforcement

Composites and Thermoplastics Suppliers Agencies

Titanium and Specialty Alloy Producers RoOTOCRAFT Emergency Medical Services

SUPPLY CHAIN
(EMS)/Medevac Operators

Avionics and Electronics Manufacturing

Casting and Forging Facilities Commercial Helicopter Operators
AM Services Offshore Energy & Utility Inspection
Tooling, Fixtures, and Mold Manufacturing Companies

Lubricants, Sealants, and Aerospace Coatings State and Local Governments
Industrial Testing and Certification Labs OEM Final Assembly Facilities

Rotorcraft MRO Providers and Depots

* Industries within Critical Infrastructure highlighted in RED Aerospace Exporters and Defense

Contractors
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Critical Industry Impact on Rotorcraft Supply Chain
Table V: Critical Industry Impact

Critical Industry Sector as defined
by Cybersecurity & Infrastructure
Security Agency (CISA)

What the Critical Industry Provides Impact of Critical Industry ~ U.S. Growth
to Rotorcraft Supply Chain on Rotorcraft Supply Chain  Rate (2023)

Communications — interconnected - Real-Time Data Transmission: Enables real-time monitoring 1.43%
industry using terrestrial, satellite, and and data sharing across the supply chain, enhancing
wireless transmission system visibility and decision-making.

- Secure Communication Channels: Ensures secure and
reliable communication between suppliers, manufacturers,
and operators, reducing the risk of cyber threats.

- Coordination and Collaboration: Facilitates coordination
among various stakeholders, including OEMs, Tier 1/2/3
suppliers, and regulatory bodies.

- Supply Chain Traceability: Supports the implementation
of digital twins and blockchain technologies for improved
traceability and counterfeit risk mitigation.

- Emergency Response and Crisis Management: Provides
critical communication infrastructure for rapid response and
crisis management in case of supply chain disruptions.

Chemical - manufactures, stores, - Composite Materials Production: Chemicals are essential

uses, and transports potentially in the production of advanced composite materials like

dangerous chemicals carbon-fiber reinforced polymer (CFRP) and thermoplastics,
which are necessary for lightweight and high-strength
rotorcraft components.

- Coatings and Sealants: Provide protective coatings and
sealants that enhance the durability and longevity of
rotorcraft parts, protecting them from corrosion, wear, and
environmental damage.

- Adhesives: High-performance adhesives are used in the
assembly of composite structures and other components,
ensuring strong, reliable bonds.

- Lubricants and Fluids: Specialized lubricants and hydraulic
fluids are critical for the smooth operation of rotorcraft
systems, including engines, transmissions, and control
systems.

- Resins and Polymers: Used in the manufacture of various
rotorcraft parts—including interior components and
structural elements—these contribute to weight reduction
and improved performance.

-1%

Commercial Facilities - diverse - Manufacturing and Assembly Plants: Provide the physical 3.4%

range of sites that draw large crowds space and infrastructure necessary for the production and

of people for shopping, business, assembly of rotorcraft components and final products.

entertainment, or lodging - Warehousing and Distribution Centers: Facilitate the storage
and distribution of parts and materials, ensuring timely
delivery to various points in the supply chain.

- MRO Facilities: Offer specialized services for the MRO of
rotorcraft, ensuring operational readiness and extending the
lifecycle of aircraft.

- Research and Development Labs: Support innovation
and technological advancements by providing facilities
for testing, prototyping, and developing new rotorcraft
technologies and materials.

- Training Centers: Provide spaces for workforce training and
certification, ensuring that technicians and engineers are
skilled and compliant with industry standards.
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Critical Industry Impact on Rotorcraft Supply Chain

Critical Industry Sector as defined
by Cybersecurity & Infrastructure
Security Agency (CISA)

What the Critical Industry Provides Impact of Critical Industry ~ U.S. Growth
to Rotorcraft Supply Chain on Rotorcraft Supply Chain  Rate (2023)

Dams - delivers critical water retention = - Hydroelectric Power Generation: Provides renewable 6%

and control services energy to manufacturing plants and facilities involved in the
rotorcraft supply chain, ensuring a stable and sustainable
power supply.

- Water Management: Supports industrial processes that
require significant water usage, such as cooling systems in
manufacturing plants and chemical processing facilities.

- Flood Control: Protects manufacturing and assembly plants
from flooding, ensuring uninterrupted production and
safeguarding infrastructure.

- Recreational and Environmental Benefits: Enhances the
quality of life for communities around manufacturing hubs,
indirectly supporting workforce stability and attracting talent.

Defense Industrial Base - research - Advanced Technology Development: Provides cutting- 8%

and development, design, production, edge technologies and innovations essential for rotorcraft

delivery, and maintenance of military performance, including avionics, propulsion systems, and

weapons systems, subsystems, and advanced materials.

components or parts, to meet U.S. - Manufacturing and Assembly: Facilitates the production and

military requirements assembly of rotorcraft components and systems, ensuring
high standards of quality and reliability.

- MRO: Offers specialized MRO services to maintain
operational readiness and extend the lifecycle of rotorcraft,
particularly for military applications.

- Supply Chain Security: Ensures the security and
resilience of the rotorcraft supply chain through stringent
compliance with defense regulations (e.g., ITAR, EAR) and
cybersecurity measures.

- Research and Development: Invests in R&D to
drive innovation in rotorcraft technologies, including
electrification, autonomy, and hybrid systems.

Emergency Services - community - Rapid Response and Crisis Management: Emergency 5.8%

highly-skilled, trained personnel, services provide critical support during supply chain

along with the physical and cyber disruptions—such as natural disasters or accidents—

resources, that provide a wide ensuring quick recovery and continuity of operations.

range of prevention, preparedness, - Medical Evacuation and Support: Emergency medical

response, and recovery services services (EMS) rely on rotorcraft for medevac operations,
which are essential for timely medical interventions and
support in remote or inaccessible areas.

- Search and Rescue Operations: Rotorcraft are vital for
search and rescue missions, providing rapid deployment
and access to areas that ground vehicles cannot reach.

- Firefighting and Disaster Relief: Rotorcraft equipped for
firefighting and disaster relief help manage and mitigate the
impact of large-scale emergencies, protecting infrastructure
and supply chain facilities.

- Training and Preparedness: Emergency services contribute
to the training and preparedness of rotorcraft operators and
maintenance personnel, ensuring readiness for emergency
situations.
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Critical Industry Impact on Rotorcraft Supply Chain

Critical Industry Sector as defined
by Cybersecurity & Infrastructure
Security Agency (CISA)

Energy - protects a multifaceted web
of electricity, oil, and natural gas
resources and assets to maintain
steady energy supplies

Financial Services - depository
institutions, providers of investment
products, insurance companies, other
credit and financing organizations,
and the providers of the critical
financial utilities and services that
support these functions

Food and Agriculture - composed of
farms, restaurants, and registered
food manufacturing, processing, and
storage facilities

What the Critical Industry Provides
to Rotorcraft Supply Chain

- Power Supply for Manufacturing: Provides the necessary
electricity to power manufacturing plants, assembly lines,
and other facilities involved in the production of rotorcraft

components and systems.

- Fuel for Operations: Supplies aviation fuel and other energy
sources required for the operation of rotorcraft, including
test flights, deliveries, and operational missions.

- Renewable Energy Initiatives: Supports the adoption of
renewable energy sources, such as solar and wind power,
to reduce the carbon footprint of manufacturing processes

and contribute to sustainability goals.

- Energy Infrastructure: Ensures the stability and reliability
of the energy grid, which is vital for maintaining continuous

and efficient production schedules.

- Financing and Investment: Provides essential capital for
rotorcraft manufacturers and suppliers to fund operations,
R&D, and expansion projects. This includes loans, lines of

credit, and equity investments.

- Risk Management: Offers insurance products and risk
management services to protect against financial losses due
to accidents, natural disasters, and other unforeseen events.

- Trade and Export Financing: Facilitates international trade
by providing export financing, letters of credit, and other
financial instruments that ensure smooth transactions

between global suppliers and buyers.

- Financial Planning and Advisory: Provides strategic financial
planning and advisory services to help companies optimize
their financial performance, manage cash flow, and make

informed investment decisions.

- Mergers and Acquisitions (M&A): Supports M&A activities
by providing valuation services, due diligence, and financing
for acquisitions, which can help companies consolidate and

strengthen their supply chains.

- Agricultural Products for Biofuels: Supplies raw materials
for the production of biofuels, which can be used as
an alternative energy source for rotorcraft operations,

contributing to sustainability goals.

- Support for Rural and Remote Operations: Provides essential
food supplies for rotorcraft operations in rural and remote
areas, including medevac and emergency services, ensuring
that these operations can be sustained over long periods.

Impact of Critical Industry
on Rotorcraft Supply Chain

WWW.DVIRC.ORG
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Rate (2023)

9.3%

77%

3.1%
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Critical Industry Impact on Rotorcraft Supply Chain

Critical Industry Sector as defined
by Cybersecurity & Infrastructure
Security Agency (CISA)

Government Facilities - a wide variety
of buildings, located in the United
States and overseas, that are owned
or leased by federal, state, local, and
tribal governments

Healthcare and Public Health -
protects all sectors of the economy
from hazards such as terrorism,
infectious disease outbreaks, and
natural disasters

Information Technology - produce
and provide hardware, software, and
information technology systems and
services

What the Critical Industry Provides Impact of Critical Industry ~ U.S. Growth
to Rotorcraft Supply Chain on Rotorcraft Supply Chain  Rate (2023)
- Regulatory Oversight and Certification: Government 1.6%

facilities, such as those operated by the FAA and DoD,

provide essential regulatory oversight and certification

services, ensuring that rotorcraft and their components \.
meet stringent safety and performance standards.
Research and Development Support: Government research

labs and facilities contribute to the advancement of

rotorcraft technologies through funding, collaboration, and

direct research initiatives.

Procurement and Contracting: Government facilities are

involved in the procurement and contracting processes

for military rotorcraft, driving demand and supporting the

supply chain through large-scale orders and long-term

contracts.

Training and Workforce Development: Government-

operated training centers and programs help develop and

certify the workforce needed for rotorcraft manufacturing,

maintenance, and operation.

Infrastructure and Security: Government facilities provide

critical infrastructure and security measures that protect the

rotorcraft supply chain from physical and cyber threats.

Workforce Health and Safety: Ensures the health and safety 6%
of employees working in manufacturing plants, assembly

lines, and other facilities, which is essential for maintaining

productivity and reducing absenteeism.
Emergency Medical Services (EMS): Provides critical

medical evacuation and support services using rotorcraft,

which are essential for timely medical interventions in

remote or inaccessible areas.

Occupational Health Services: Offers occupational health

services, including regular health check-ups, vaccinations,

and wellness programs, to maintain a healthy workforce.

Pandemic Response and Management: Supports the

rotorcraft supply chain by managing health crises, such as

pandemics, ensuring that operations can continue safely

and effectively.

Mental Health Support: Provides mental health services to

employees, helping to manage stress and improve overall

well-being, which can enhance workforce stability and

productivity.

Digitalization and Automation: Provides advanced IT

solutions for automating manufacturing processes,

improving efficiency, and reducing production costs through

technologies like robotic machining, digital twins, and Al- \.
driven predictive maintenance.
Supply Chain Management: Enhances supply chain

visibility and traceability through digital platforms,

blockchain, and integrated software solutions, helping to

mitigate risks and manage inventory more effectively.

Cybersecurity: Ensures robust cybersecurity measures to

protect sensitive data and prevent cyber-attacks, which are

increasingly targeting aerospace supply chains.

Data Analytics: Offers powerful data analytics tools to

optimize production schedules, forecast demand, and

improve decision-making across the supply chain.

- Communication Infrastructure: Supports secure and reliable

communication channels between suppliers, manufacturers,

and operators, facilitating coordination and collaboration.

8.2%
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Critical Industry Impact on Rotorcraft Supply Chain

Critical Industry Sector as defined
by Cybersecurity & Infrastructure
Security Agency (CISA)

Nuclear Reactors, Materials and
Waste - America’s civilian nuclear
infrastructure

Transportation Systems - Aviation,
Highway and Motor Carrier, Maritime
Transportation System, Mass Transit
and Passenger Rail, Freight Rail, and
Postal and Shipping

Water - public drinking water systems
and wastewater treatment systems

What the Critical Industry Provides Impact of Critical Industry ~ U.S. Growth
to Rotorcraft Supply Chain on Rotorcraft Supply Chain  Rate (2023)
- Stable Power Supply: Provides a reliable and continuous 1.4%

source of electricity to manufacturing plants and

facilities involved in the rotorcraft supply chain, ensuring
uninterrupted production and operations. —9
High-Energy Processes: Supports high-energy
manufacturing processes, such as advanced material
fabrication and precision machining, which require
consistent and substantial power.

Research and Development: Contributes to R&D efforts

by providing energy for experimental and testing facilities,
enabling advancements in rotorcraft technologies and
materials.

Emergency Backup Power: Offers emergency backup
power solutions to critical infrastructure within the rotorcraft
supply chain, enhancing resilience against power outages
and disruptions.

Logistics and Distribution: Provides the infrastructure and 8.8%
services necessary for the transportation of raw materials,
components, and finished rotorcraft between suppliers,
manufacturers, and end-users. This includes road, rail, air,
and maritime transport.

Supply Chain Efficiency: Enhances the efficiency of

the supply chain by reducing lead times and ensuring
timely delivery of parts and materials, which is critical

for maintaining production schedules and operational
readiness.

Global Connectivity: Facilitates international trade and the
movement of goods across borders, enabling the rotorcraft
supply chain to source materials and components from a
global network of suppliers.

Emergency Response and Resilience: Supports the
rotorcraft supply chain during emergencies and disruptions
by providing alternative transportation routes and solutions
to mitigate the impact of delays and shortages.

Industrial Water Usage: Provides essential water for 6.8%
cooling systems, cleaning, and other industrial processes
in manufacturing plants and facilities involved in rotorcraft
production.
Waste Management: Supports the treatment and disposal
of industrial wastewater, ensuring compliance with
environmental regulations and maintaining operational
efficiency.
- Emergency Services: Ensures the availability of water
for firefighting and other emergency services, protecting
manufacturing facilities and supply chain infrastructure from
fire hazards.
- Employee Health and Safety: Provides clean water for
drinking and sanitation, which is crucial for maintaining the
health and safety of the workforce.
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Rotorcraft Supply Chain Specifics

Key Raw Materials and Market Dynamics

The U.S. rotorcraft supply chain is acutely dependent on a complex and globally interlinked raw materials ecosystem. Several critical
trends and challenges are shaping the current landscape for raw materials sourcing and management.

Composites:

* Composites, especially carbon-fiber reinforced polymer (CFRP), now account for 41% of the aerospace materials market
by value (2023).

* These materials command a 20-30% premium over metals, with recent inflation adding another 25% to costs.

* The industry faces a global carbon fiber capacity shortage, leading to 9-12 month backlogs for new supply contracts and 30-45 day
increases in lead times for existing orders.

Titanium Alloys:

» Titanium is vital for both structural and engine components; its market is projected to grow from $2.4 billion to $4 billion between 2024
and 2030 (CAGR of 9.0%).

* Counterfeit titanium incidents have increased inspection of Boeing aircraft, leading to heightened security measures and operational
and financial ramifications.

* U.S. supply chains are highly exposed to geopolitical risks, especially due to reliance on Russian and Chinese sources for titanium
sponge and finished alloys. Qualification of new suppliers is slow and costly, often taking years to certify for aerospace use.

Aluminum Alloys and Rare Earths:
* Aluminum alloys—essential for airframes and secondary structures—carry a 40% premium over base metals.

* The U.S. is 100% import-dependent for certain materials, including cobalt, titanium sponge, gallium, and nearly all rare earth elements.
China remains the dominant supplier for most rare earths, which are critical for advanced avionics, sensors, and electric propulsion
systems.

Supply Chain Structure and Challenges

Tiered Supplier Network:

* The raw materials supply chain starts with global mining and refining operations, followed by primary material suppliers (e.g., carbon
fiber producers, titanium mills, aluminum smelters).

* These materials are then processed by specialized firms into aerospace-grade forms (forgings, castings, prepregs), before moving
to Tier 1 and Tier 2 component manufacturers, and finally to OEM assembly lines.

Bottlenecks and Disruptions:

* Lead times for castings and forgings have increased by 50%, with 60% of critical parts now sole-sourced, creating significant
bottlenecks.

* Just 2% of aerospace firms have visibility beyond their Tier 2 suppliers, increasing vulnerability to upstream disruptions.

* Recent geopolitical events (Ukraine conflict, U.S.-China trade tensions) have further strained supplies, particularly for titanium and rare
earth elements.

Cost and Inflation Pressures:

* Material inflation has been severe; MRO material costs rose 8.3% in 2023, with an additional 25% increase attributed to ongoing
disruptions.

» Certification costs for new materials or suppliers exceed $50 million per application, adding to the financial burden of supply chain
diversification.
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Rotorcraft Supply Chain Specifics

Strategic Responses and Future Trends

Supplier Diversification and Reshoring:

* 97% of aerospace companies are reconfiguring their supply bases, with 73% advancing dual-sourcing strategies to reduce single-
source and import dependency risks.

* Predictive analytics and digitalization are being used to identify and mitigate risks, streamline procurement, and ensure compliance
with regulatory standards.

* “Friendly-shoring” and reshoring initiatives are underway to localize critical material production, especially for composites and titanium,
within trusted U.S. or allied suppliers.

Digitalization and Traceability:

* 74% of aerospace leaders are piloting digital twin and blockchain solutions to enhance traceability and reduce counterfeit risks in the
raw materials supply chain.

Sustainability and Innovation:

* The industry is investing in sustainable materials, such as bio-based composites and recyclable thermoplastics, to meet net-zero
carbon targets and address end-of-life recycling challenges for thermoset composites.

Table VI: Raw Materials in U.S. Rotorcraft Supply Chain:

Material Type Market Dynamics & Challenges Strategic Response

Composites (CFRP)  41% market share, 9-12 month backlog, +25% inflation Local sourcing, recycling R&D

Titanium Alloys Supply -12% (2017-22), $20-$60/Ib, high import reliance, Dual-sourcing, new supplier qualification
counterfeit risk

Aluminum Alloys +40% premium, essential for structures Process innovation, cost control

Rare Earth Elements | 100% import-dependent, China-dominated Supply chain mapping, reshoring

Manufacturing Cost Trends

Material Cost Inflation:

» Material costs rose by 8.3% in 2023, well above the pre-pandemic average of 3-4% per year; a slight easing to 6.5% inflation was
anticipated for 2024.

* Raw material prices are expected to continue rising, driven by demand for lightweight and high-performance materials in both
commercial and defense aviation sectors.

Labor Costs:

* Labor shortages and wage inflation remain significant, with average manufacturing compensation rising 6.2% to $42.40/hour in Q1
2022.

* MRO labor costs increased by 7.3% globally in 2023 and were expected to rise by 5.8% in 2024.

* The Northeast region faces labor costs 15-20% above the U.S. average, with persistent technician shortages and high attrition rates.
Logistics and Other Inputs:

* Shipping costs rose by 77% between January 2021 and August 2022, adding further pressure to manufacturing budgets.

* Regulatory compliance (FAA, ITAR) adds significant costs.
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Rotorcraft Supply Chain Specifics

Obsolescence and Aftermarket:

* As production scales drop, the per-unit cost of electronic components for aerospace and defense can rise by as much as 300%,
significantly impacting defense budgets and complicating the maintenance of legacy systems.

* The gap between used serviceable materials (USMs) and new OEM parts is narrowing due to supply constraints, pushing up
aftermarket costs.

Mitigation and Efficiency Trends

Automation and Digitalization:

» Automation (e.g., robotics, conveyor systems, CNC machining) can reduce manufacturing costs by up to 30% and improve product
consistency by over 50%.

* Adoption of lean manufacturing, just-in-time (JIT) procurement, and digital supply chain management (e.g., digital twins, Al-driven
inventory optimization) are increasingly used to offset rising input costs.

Strategic Sourcing:

* Companies are reshoring or dual-sourcing critical materials to mitigate supply chain risk, with 73% of firms advancing dual-sourcing
strategies.
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Strategic Imperatives

Enhance End-to-End Supply Chain Visibility (Digital Tracking, SBOM/HBOM):

* Digital Supply Chain Mapping: As noted previously, just 2% of aerospace firms have visibility beyond their Tier 2 suppliers, leaving the
sector vulnerable to upstream disruptions. The adoption of digital twins, blockchain, and the integration of SBOM (Software Bills of
Materials) and HBOM (Hardware Bills of Materials) are being piloted by 74% of aerospace leaders to provide comprehensive, real-time
traceability of both physical parts and embedded software.

* Supply Chain Bills of Materials (SCBoM): Emerging SCBoM technology will enable companies to trace risks and dependencies
throughout the entire supply chain, from raw materials to final assembly, helping to proactively identify and mitigate bottlenecks or
vulnerabilities.

Workforce Development (Expand Industry—Academia Pipelines, Upskill/Retain Talent):

* Technician Pipeline Expansion: Initiatives like AMTEP and OEM partnerships with trade schools and universities (e.g., Piedmont
Airlines/lUMES, FEAM Aero/Epic Flight Academy) are scaling up to reduce technician gap and shortfalls, but more investment is
needed to close persistent gaps, especially as 25% of the workforce nears retirement.

* Upskilling and Retention: 67% of aerospace and defense firms are investing in digital planning and advanced production scheduling
tools. Hybrid work models, tuition reimbursement, and targeted upskilling in digital and automation technologies are being adopted to
attract and retain talent, address pay-driven attrition, and ensure workforce readiness for new technologies.

Tech Acceleration (Scale AM & Al, Strengthen Data/Infrastructure):

* AM: OEMs like Sikorsky and GE are moving from prototyping to certified production of non-critical components, while thermoplastic
R&D targets 30-40% cycle-time reductions.

* Al and Digital Thread: Predictive analytics are being piloted in 30% of fleets, cutting unplanned costs by 40%. 67% of firms are
investing in Al-driven inventory and production management, while digital thread/twin initiatives (e.g., Collins DT3) link design,
production, and maintenance data for lifecycle optimization.

Cyber-Resilience (Enforce C-SCRM, Vet Suppliers, Secure OT/Legacy Systems):

* Escalating Threats: Cyberattacks have increased 74% since 2020, with ransomware up 600% and 50% of supply chain disruptions now
cyber-related.

* C-SCRM Implementation: Enforcing C-SCRM is now a top priority, including rigorous supplier vetting, encrypted data platforms,
and securing operational technology (OT) and legacy systems. More than 10% of IT budgets are dedicated to compliance and cyber-
resilience in 2025.

Regulatory Streamlining (Staff FAA, Expedite Safe Certification Approvals):

» Certification Bottlenecks: FAA certification cycles are costly and protracted with delays exacerbated by staffing shortfalls.
Material certification is similarly expensive and time-consuming.

* Modernization Initiatives: Streamlining regulatory processes—by increasing FAA staffing, updating training standards, and leveraging
digital documentation—are essential to reduce delays and accelerate the introduction of new materials and technologies.

Collaborative Planning (Shared MRO Forecasting Among OEMs/Operators):

* MRO Demand Surge: Some engine overhauls took up to 14 months in 2023, and 42% of executives expect further cost increases.
Collaborative forecasting and shared digital platforms between OEMs and operators are being used to optimize spare parts inventory,
plan maintenance windows, and reduce aircraft downtime.

* Aftermarket Digital Services: Subscription-based MRO models and predictive maintenance are growing at a 20% CAGR, enabling
more proactive and efficient fleet management.

DoD Sustainment (Implement GAO Readiness Recommendations):

* Readiness Impact: Spare-part shortages and maintainer gaps have been directly linked to military rotorcraft readiness declines, as
seen with the CH-47F. The GAO has issued more than 100 recommendations, emphasizing predictive maintenance, improved metrics,
and consistent adoption of digital tools.

* Sustainment Initiatives: The DoD is accelerating adoption of predictive analytics, standardizing readiness metrics, and investing in
technician training to address these gaps and ensure mission-capable rates are met.
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Technological Advancements

Technological Advancements in the Rotorcraft Supply Chain:
Materials and Manufacturing
The rotorcraft supply chain is undergoing rapid technological transformation, particularly in materials science and advanced

manufacturing. These innovations are driving improvements in performance, efficiency, and sustainability across both commercial
and military rotorcraft.

Advancement in Composites

Market Share and Adoption:

» Advanced rotorcraft like the V-22 Osprey are constructed with 41-50% composites by weight, while the Airbus H160 features a fully
composite airframe.

Material Evolution:

* The industry is shifting from traditional thermoset composites to thermoplastics such as poly-ether-ether-ketone (PEEK) and poly-ether-
ketone-ketone (PEKK). These materials offer faster manufacturing cycles, weldability, and improved recyclability, which are critical for
high-rate production and sustainability.

Nanocomposites and Smart Materials:

* Nanocomposites incorporating carbon nanotubes (CNT) and graphene are being developed for enhanced strength, electrical
conductivity, and electromagnetic interference (EMI) shielding. Smart composites with embedded sensors enable real-time structural
health monitoring, supporting predictive maintenance and improved safety.

Manufacturing Innovations:

» Automated resin transfer molding (RTM) cells, digital twin frameworks, and closed-loop process controls are enabling aerospace-grade
quality at automotive-inspired production rates. These advancements are crucial for scaling up composite manufacturing for both urban
air mobility and next-generation rotorcraft.

Titanium Alloys:
» Titanium remains essential for structural and engine components due to its strength-to-weight ratio and corrosion resistance.

* As performance demands increase and sustainability becomes a priority, titanium’s role in rotorcraft design is expanding, particularly
in critical load-bearing and high-temperature applications.

Manufacturing Processes, Automation and Industry 4.0

Additive Manufacturing:

* AM is used for rapid prototyping, tooling (reducing time by up to 40%), and now increasingly for certified flight parts. 3D-printed CFRP
tools are being used for serial production of autoclave-cured composite parts, and R&D is advancing toward functional flying parts.

* AM enables complex geometries, lightweighting, reduced waste, and faster turnaround, supporting both new builds and MRO operations.
Advanced Robotics:

* The adoption of automated fiber placement (AFP), automated tape laying (ATL), 4-5-axis CNC machining, robotic cells, and machine
vision systems is transforming rotorcraft manufacturing. These technologies increase precision, reduce production times, and support
high-mix, low-volume production typical of rotorcraft.

Digitalization:

* Digital thread and digital twin technologies (e.g., Collins DT3, Sikorsky) are being used for end-to-end parts tracking, predictive
maintenance, and lifecycle optimization. Al-driven systems are optimizing production scheduling, materials tracking, and quality control,
reducing waste and improving efficiency.

Smart Supply Chains:

* Al-powered platforms digitize supplier connectivity, automate certification documentation, and provide digital passports for materials,
streamlining the entire supply chain from raw materials to finished parts. Radio Frequency Identification (RFID) and real-time
dashboards enable granular tracking and dynamic scheduling, maximizing throughput and minimizing delays.
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Key National Defense Trends

National Defense Shift Timeline

In 2024, funding from legacy Army helicopters such as the Black Hawk and Apache was shifted toward FVL and Uncrewed Aerial
Systems (UAS). Continuing into 2025, drone deployment expands, as the “Replicator Initiative” accelerates low-cost autonomous
system fielding. Looking forward to 2026, it can be expected that all army divisions will be equipped with as many as 1,000 drones

for reconnaissance, logistics, and strike capabilities. Testing of replacement platforms such as the Bell V-280 Valor is expected to

begin in 2027-2030, and autonomous/hybrid rotorcraft are projected to be common through the 2030s. Al and modular systems are
expected to be increasingly integrated during the same time period, and by 2040 the U.S. rotorcraft industry will contribute to allied fleet
modernization toward NATO Next Generation Rotorcraft Capability (NGRC), replacing aging medium lift platforms.

Force Structure and Platform Evolution
* Reallocation of funding from legacy platforms toward next-generation capabilities under FVL program and UAS
* Fielding of the Bell V-280 Valor, limited user testing in 2027-2028 with initial operational fielding in 2030s

* Broader shift from protracted procurement cycles for large, crewed helicopters toward more agile, modular, and hybrid solutions,
including autonomous and optionally piloted rotorcraft

Rapid Expansion of Uncrewed and Autonomous Systems
* Rapid acceleration of low-cost, autonomous drone systems
* Lessons learned from modern land warfare in Ukraine call for large drone swarms in every Army division by the end of 2026

* Significant investment in both the procurement and indigenous development of unmanned systems, with a focus on scalable,
adaptable solutions that can be rapidly fielded and iterated

Integration of Artificial Intelligence and Modular Open Systems
e Al-driven autonomy and modular open systems architecture (MOSA) becoming foundational in both new and legacy platforms

* FVL program embedding advanced computer algorithms and fly-by-wire controls to enable autonomous flight, real-time data fusion,
and rapid mission adaptation

* MOSA prioritized to ensure backward compatibility, facilitate third-party upgrades, and reduce lifecycle costs, supporting a more agile
and connected battlespace

* Digital advancements expected to proliferate across rotorcraft fleet throughout 2030s

Supply Chain Resilience and Industrial Base Modernization

* Shift toward new platforms and autonomous systems accompanied by a reconfiguration of the rotorcraft supply chain
* Army investing in domestic manufacturing, AM, and digital engineering to mitigate supply chain vulnerabilities

» Concerted effort to modernize industrial base to support production of advanced composites, lightweight materials, and high-
performance components required for next-generation rotorcraft

* International collaboration, particularly with NATO partners on the NGRC, expected to further drive supply chain integration and
modernization through 2040

Budgetary Prioritization and Strategic Realignment

* Recent budget cycles show reallocation of resources from legacy helicopter upgrades and procurement toward FVL, UAS, and
supporting technologies

* Cancellation of programs like Future Attack Reconnaissance Aircraft (FARA) frees up funding for research, development, and
procurement of unmanned and optionally manned systems

* Prioritization of capabilities relevant to Indo-Pacific deterrence and multi-domain operations, with emphasis on rapid innovation, cost-
effectiveness, and operational adaptability

Fleet Modernization and Allied Interoperability

* U.S. rotorcraft supply chain to play a central role in allied fleet modernization, particularly through contributions to NATO’s NGRC
program

* NGRC aims to replace aging medium-lift helicopters with advanced, interoperable platforms featuring hybrid propulsion, digital
avionics, and modular payloads

* U.S. industry participation in NGRC expected to drive further standardization, technology transfer, and joint development, reinforcing
global competitiveness and resilience of domestic supply chain
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