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EXECUTIVE SUMMARY - THE FUTURE OF ARMY AVIATION 

–
for the study is “

.”  As stated in the 

–

• Increase Army Aviation’s expeditionary capabilities to support full

• 

“ ”

performance required of the “aviation system” and the elements ne

as a complex system, a “system of systems,” requires enhancements and development of the 

and autonomy, will enable a new “Army aviation system” to be fielded in 2025

truly “ ”



 “The Strategic Direction for Army Science and Technology” (
 “Army Science and Technology Essential Core Competencies” (2013)
 “Decisive Army Strategic and Expeditionary Maneuver” (2014)

“working assumption” that the character of war 

several significant technology initiatives within the Army Aviation S&T portfolio apply 
to both legacy and future manned systems. These technologies include ITEP/FATE engine 
insertion, DVE capabilities, CBM/PHM capabilities, ASE improvements, and greater MUM-T. 



• 
• 
• 

he envisioned aviation fighting “system” would 
used the phrase “system of 

”

cases, viewed as “complements” and “extensions” to manned aviation.  

operation of more capable future Army Aviation “systems.”  Following from these general 

• 
• 
• 
• 
• 

• 
• 



also essential for the “Future Army Aviation system of systems” to be optimized and effective in 

–

–

ethality, …) as informed by the results of system of systems 



y’

components of an integrated “survivable” system

“formations”).

in the Army’s S&T portfolio 

the team’s



“System of Systems Operational Effectiveness Analyses” 



 

 

supported by Unified Quest 2014, and “2012 Gaining and 
Marine Corps Concept.”

–

• If development of HVL is cost prohibitive, 
consider alternatives. 

• If there are no plans for HVL, do not assume it is 
available in analyses, wargames, and exercises. 

 

–
functionality among UAS (ISR, Lethality, …)

 

 



 

 

efforts and DARPA’s System of Systems Integration, 

“survivable” system

across future “formations”).

 

• 

• 

 



1 INTRODUCTION 

“

tails and logistics footprint.”

 

 

 
 
 
 

 

1.1 Study Team, Visits, and Literature Survey 

• 
• 
• 
• 

• 
• 
•  
• 



• 
• 
• 
• 
• 
• 
• 

•  weapons
• 
• 
•  technology
• 
• Weapons
•  

• 
o Aviation and Missile Research Development and Engineering Center (AMRDEC) 

▪ Aviation Development Directorate (ADD) 
▪ Weapons Development and Integration Directorate (WDI) 

o PEO Aviation and Program Managers (AS, CH, UH, AAH, ASH, NSRWA, FW, UAS)  
o US Army Aviation Center of Excellence (USAACE) 
o US Army Aeromedical Research Laboratory (USAARL) 
o Combat Readiness/Safety Center 
o TRADOC Capability Managers (UAS, Lift) 
o Communications Electronics Research Development and Engineering Center 

(CERDEC) 
▪ Night Vision & Electronic Sensors Directorate (NVESD) 
▪ Intelligence and Information Warfare Directorate (I2WD) 

o Army Research Laboratory (ARL) 
o Army Special Operations Aviation (ARSOA) 
o Operational Support Airlift Agency (OSAA) 
o Vertical Lift Research Center of Excellence (Georgia Tech) 

• 
o –
o –

• 
o 
o  

• 
o 
o 
o 
o 
o 
o 



1.2 Current Army Aviation Platforms 

(also called the “Killer Egg”) is used only by SOCOM. 

–



Army Equipment Modernization Strategy, March 2015 (Annex E – Aviation) - G8

 a five-year plan to reduce Army Aviation costs while 
addressing fleet obsolescence and sustainment issues pproved by the CSA in December 
2013, with the first execution order issued in April 2014.  The ARI calls for the Army to:

• Cut three of the 13 active-duty combat aviation brigades; Army Reserve component 
would retain 12 aviation brigades – 10 in the National Guard and two in the Army 
Reserve. 

• Retire OH-58 Kiowa Warriors and TH-67 trainers (both single-engine aircraft).  
• Use Apache to fill Kiowa's reconnaissance and scout role. 
• Replace TH-67 training helicopters with dual-engine LUH-72 Lakotas. 
• Move Apaches from the Guard to active Army and, in turn, provide the Guard with UH-

60 Black Hawks. This plan has been controversial for the Guard. 
• Have 20 Apache battalions in active components. 

The National Guard has proposed retaining more crews and units, but some units would only be 
partially equipped. Cost Assessment and Program Evaluation (CAPE) analysis indicates that the 
Army plan is not sized for prolonged stability operations. The National Guard alternative costs 
$89M to $176M annually plus a one-time cost difference of approximately $500M. Congress 
postponed the transfer of Apaches until FY2016 and established a National Commission on the 
Future of the US Army that will conduct two studies: (1) the structure of the Army and policy 



assumptions related to the size and force mixture of the Army, and (2) transfer of Apaches from 
the Guard to the active Army.  The ARI will not be discussed further in this report. 

• Special Electronic Mission Aircraft (SEMA): 
o EO-5 Dash 7, RC-12 Huron (Guardrail), B-300 Beechcraft

• Transport Aircraft: 
o Warfighting Combatant Commanders:  C-12 Beechcraft, C-26 Metroliner, UC-35 

Cessna
o Executive Transport: C-20 Gulfstream, C-37 Gulfstream

• Mission Support Aircraft: 
o RDT&E: C-208, T-34
o USMA Flight Laboratory: CE-182
o Golden Knights Parachute Team: UV-18 Twin Otter, C-31



2 ARMY AVIATION CHALLENGES, CAPABILITY NEEDS AND SYSTEM CONCEPTS 

2.1 Challenges Facing Army Aviation 

2.1.1 Survivability 

“Our natio

to address the security paradox we face.”
“

fight across multiple domains.”





2.1.2 Vertical Lift for Expeditionary and Operational Maneuver 

• :  “

.”
• :  “Joint combined arms operations create 

and achieve surprise.”
• :  “Army sustainment units integrate efforts with 

.” 

• : “Self

functions.”

1, “ 2040,” 



• : “

unpredictable entry points.”
• “

over the enemy creating and magnifying the effects of surprise.” 

2.1.3 Aging Legacy Rotorcraft Systems and Future Vertical Lift 

egacy rotorcraft systems (AH-64, CH-47 and UH-60), which are all 
1960-1970 vintage designs, will remain deployed until at least 2060.  This century-long platform 
life would be rivaled only by the B-52 bomber, which has been re-purposed from its original 
mission to extend its utility. The noted Army rotorcraft platforms have undergone several 
upgrades over their lifetimes. At least one more major upgrade to these systems, however, will 
be required beyond those currently in progress or funded within the POM for them to remain 
operationally effective against evolving threats, as reflected in the FVL first aircraft timeline 
shown in . Fortunately, several significant technology initiatives within the Army 
Aviation S&T portfolio apply to both legacy and future manned systems. These technologies 
include ITEP/FATE engine insertion, DVE capabilities, CBM/PHM capabilities, ASE improvements, 
and greater MUM-T.



–

2.1.4 Unmanned Aircraft Systems (UAS) and Manned-Unmanned Teaming (MUM-T) 

Army UAS Center of Excellence, “Eyes of the Army,” U.S. Army 



of the USN “Sea Based Aviation” 

35C should be the USN’s last manned fighter jet. The RQ

iding “wingman” capabilities 



key roles that UAS can and should play in the future Army 
integrated battlespace:

“Unmanned air and ground platforms that enhance soldier decision-making and action 
with self-planning, self-navigation, and mission execution capabilities will have 
significant potential to change the future battlefield. The Army must develop concepts 
of employment for future autonomous and unmanned systems in the near-term to 
integrate them efficiently into the force in the far-term (2030-2040).”

The rapidly advancing technologies associated with UAS, autonomous systems, and MUM-T 
should be viewed as a significant opportunity for Army Aviation to better integrate collaborative 
manned-unmanned capabilities into its future force. However, a major challenge in expanding 
the Army Aviation UAS portfolio, increasing MUM-T capabilities, and meeting this UQ vision is the 
small percentage of Army S&T funding allocated to UAS (see Section 2.1.5). 



2.1.5 Army Aviation Funding 



2.2 Army Aviation Capability Needs and Gaps 

• 
o 
o 
o 
o 
o 

• 
o 
o 
o  

• 

• 

• 

• 

• 

• 



Capability Performance Goal* Performance Value
Worldwide
Performance

Operate 90+% in Critical Regions HOGE at 6 kft and 95F

Combat Radius Operate Across Army Division 
AO

424 km

Cruise Speed Transit Army Division AO Within 
1 Hour

170 – 300 kts

Internal Payload L: 6 Passengers
M: Squad and up to 20K
H: Equivalent to USMC CH-53K

L: 2.5K+ lbs
M: 5K – 20K lbs
H: 20K – 30K lbs

External
Performance

L: Equal to Internal
M: M777 Howitzer and JLTV
H: Equivalent to USMC CH-53K

L: 2.5K+ lbs
M: 13K – 23K
H: 30K

Passengers L: SOCOM Team
M: Squad
H: Platoon

L: 6
M: 13 – 24
H: 33 – 53

Self Deployment Transit Longest Leg of Pacific 3889 km
– –

• 

• 

• 
• 



• 
• 

•  
• 

• 

2.3 System Concepts to Meet the Challenges and Satisfy the Capability Needs 

 
 

 

“onion” approach has served well in the past. 



requires that all of the functionality of the “onion” (including threat 

–

“ ”

“ ”



“ ”

low cost to be considered to be “attritable ”







3 KEY INNOVATIVE TECHNOLOGIES: FOCUS AREAS FOR IMPROVEMENT 

3.1 Challenging Environments 

3.1.1 Degraded Visual Environments 

“

… The combined mishap loss rate (both combat non

“

dust that completely surrounded the aircraft, causing a condition called “brownout” that virtually 

ce), “Study on Rotorcraft Safety 
and Survivability,” presented at American Helicopter Society 66



’s three 

 

• –
• –
• 

–



have identified a spectral “window” in the long

“see” through 

’
``see’’ through brownou

, r , f , and e



demonstrated the ability to “own the night,” it must be anticipated that ov

3.1.2 High/Hot Environments 

—

Hawk’s 

alerie Insinna, “Fuel Efficient Engine to Increase Range, Power of Army Helicopters,”



3.2 Condition-Based Maintenance and Near-Zero Maintenance Aircraft 

CBM+ is stated to be “an evolving 

transform DoD’s maintenance environment.”  It is intended to build on “the solid foundation of 
based maintenance,” but it also in

of Defense, “Condition Based Maintenance Plus (CBM+): A DoD Initiative,” November 



logistics considerations.  CBM+ is “condition

ough automated sensors and systems.” Development and implementation of 

It has been cited as “the kind of environment that CBM+ is trying to 
establish.”

“Condition Based Maintenance Plus (CBM+): A DoD Initiative,” op cit.
MAJ Marc P. Gaguzis, “Effectiveness of Condition Based Maintenance in Army Aviation,” MS Thesis, US 

“Condition Based Maintenance Plus (CBM+): A DoD Initiative,” op. cit.
Honeywell, “HUMS Systems Keep the US Military Mission Ready,” 3 January 2013, 



Autonomous Sustainment Technologies for Rotorcraft Operations 
(ASTRO) program and the Ultra Reliable Design program. ,   The ASTRO program is

The Army’s Ultra-Reliable Design program will develop a set of tools, methodologies, and 
materials to apply ultra-reliability concepts to the design and operation of FVL aircraft. Ultra-
reliability has been defined as an order of magnitude improvement in materiel reliability over the 
current standard, achieving higher availability while reducing life cycle costs and downtime 
associated with maintenance activities. The program will be executed in three phases: 

• Phase 1 will assess materiel reliability of current Army aircraft in the Army fleet and key 
reliability drivers for future aircraft; identify and analyze effective design-for-reliability 
practices; identify current and future technology transition points applicable to FVL 
reliability; and recommend technology investments, reliability design criteria, and 
potential development or acquisition process changes required to achieve ultra-reliable 
rotorcraft design. 

• Phase 2 will develop design tools, methodologies, and materials consistent with the 
findings of the Phase 1 assessment and applicable to the design of future aircraft. 

• Phase 3 will develop and demonstrate modeling and simulation tools and components/ 
sub-systems to verify and validate the tools, methodologies, and materials developed in 
Phase 2. 

ul Pantelis, “Sustainment Tech Area,” AMRDEC briefing to ASB, 17 March 2015, AMRDEC Aviation 
–



early Army cost/benefit analysis for HUMS reported “an advant

maintenance reported.”

NAVAIR, “Integrated Hybrid Structural Management System (IHSMS),” briefing to ASB, June 25, 2015, 

C. Douglas Ebersole, “Next Generation Aerospace Systems,” Air Force Research Laboratory  briefing to 



s. Further, the Army Aviation CBM+ initiative was reported to be responsible for “hundreds 

” 

projected to lead to “a fully 

linear battlefield.”  

reiterated that potential and stated that the “Army’s vision is to achieve CBM+ goals by the end 
of fiscal year 2015,” but noted that “transition to CBM+ is contingent on incorporating enhanced 

developmental aviation systems.”

LTC Kimberly Emberle, “Condition Based Maintenance: What It Means to Army Aviation,” 






effective “big data” management systems. Another factor contribut

being assessed.  Another limitation is that CBM processes require the ability to detect “graceful 
ation” of monitored components; they cannot lessen the consequences of unanticipated 

1, “CBM 



.”

The Army’s longstanding interest in CBM+ processes is driven by their proven ability to enhance 

desired Army objective of “near zero maintenance aircraft” (ZMA) for well

1, “
.” While continuing 

3.3 Manned-Unmanned Teaming  



–
–
–
–
–



, the UAS platforms might be considered as “attritable.”

that “eventual” falls within the 2025

3.4 Survivability/Lethality 



survivability “onion” depicted in 

by AMRDEC’s Advanced Development Directorate.

A stated goal of the ROSAS program is to “demonstrate a real

up threats in complex terrain” and enable the aircraft to compl

seeks to develop and demonstrate “next

threat weapons.”

Torrey Deas, “Mission System Survivability Technical Area Program Overview,” AMRDEC/ADD briefing 



The Apache is the Army’s primary attack helicopter, described as “a quick reacting, airborne 
system that can fight close and deep to destroy, disrupt, or delay enemy forces.”

“AH 64 Apache,” downloaded February 2016 from



60 is the Army’s front line utility helicopter used for troop transport, air 

Operator’s Manual for Helicopters, Utility Transport, TM 1

“MH 60M Black Hawk Helicopter,” downloaded February 22016 from 



Technical Manual, Operator’s Manual for Army CH



program is “to convert DVE into a combat multiplier,” t
enables commanders “to conduct operations deliberately in DVE with confidence” and ensure 

“
, much like night vision technology.”

Such directed energy weapons have an “infinite" magazine and reach target

3.5 Platform Technology 
3.5.1 Overview 

 

 

Kristofer Kuck, “RDECOM Rotorcraft DVE M) Program,” AMRDEC/ADD 



 
 

 

 

5. 
 

3.5.2 Drive Systems 
Aviation’s 





3.5.3 Engines and Components 





3.5.4 Structures, Subsystems, and Sustainment 





4 FINDINGS & RECOMMENDATIONS 

Context:  Character of Warfare in 2025 and Role of Army Aviation 
1. System of Systems Operational Effectiveness Analyses 
2. Affordability of Heavy Vertical Lift 

Addressing Capability Gaps: Development and Acquisition 
8. UAS Vehicles 
9. Modernization of Legacy Rotorcraft Systems 
10. FVL Acquisition with Speed and Simplicity 
11. Aviation Mission Systems 
12. Aviation Systems Integration and Testbed 

S&T Portfolio: Innovation and Game Changers 
10. Advanced and Disruptive Systems S&T 
11. S&T Investment Strategy 

4.1 System of Systems Operational Effectiveness Analyses 

threat, and so on. This “onion” approach has served well in the past. However, next

“ ”

“ ”



Findings
• Increasing threat sophistication and proliferation (e.g., missiles, UAS, cyber, and directed 

energy) pose critical concerns.  (Classified annex provides additional details)
• Platform-centric survivability must evolve to a manned-unmanned system-centric 

approach with new CONOPS and TTPs.  
• A system of systems architecture should include manned-unmanned teaming, supervised 

autonomous systems, and secure communications. 
Recommendation
• TRADOC: Conduct operational effectiveness analyses of potential system of systems 

concepts in a cost-constrained environment that address capability gaps for Army Aviation 
in 2025 and beyond in complex threat environments. Concepts should include holistic air-
ground approaches, high/low mixes of collaborative manned/unmanned systems, FVL 
performance characteristics, higher levels of autonomy, PNT in GPS-denied environments, 
attritable UAS assets and enhanced lethality of DE.  Develop CONOPS and architectures 
for the most cost-effective concepts. 



4.2 Affordability of Heavy Vertical Lift  



Findings
• Heavy vertical lift (20-30 stons) is required by the Army CONOPS for expeditionary and 

operational maneuver, validated by JROC (documented in the FVL and JHL ICDs) and 
supported by Unified Quest 2014, and “2012 Gaining and Maintaining Access:  An Army-
Marine Corps Concept.”

• However, development of a new system is cost prohibitive within likely future Army 
modernization (RDA) funding before 2040.

• Interim solutions able to provide more limited capability are available (e.g., CH-53K at 18 
stons, and Joint Precision Air Drop System – JPADS) and could provide viable options. 

Recommendation
• TRADOC: Assess interim and future HVL options for meeting Army CONOPS and 

documented JCIDS capability needs for expeditionary and operational maneuver and 
recommend road ahead
– If development of HVL is cost prohibitive, consider alternatives.
– If there are no plans for HVL, do not assume it is available in analyses, wargames, and 

exercises.

4.3 UAS Vehicles  

The rapidly advancing technologies associated with UAS, autonomous systems and MUM-T 
should be viewed as a significant opportunity for Army Aviation to better integrate collaborative 
manned-unmanned capabilities into its future force. Concepts similar to the distributed 
functionality SoS concept in  are critically important to the survivability and lethality of 
Army Aviation and require a focus on introducing new UAS designs into the Army Aviation 
inventory and effectively integrating these new assets into a collaborative manned-unmanned 
environment.  A major challenge in expanding the Army Aviation UAS portfolio, increasing MUM-

US Army UAS Center of Excellence, “Eyes of the Army,” U.S. Army Unmanned Aircraft Systems 



T capabilities, and meeting a bold vision, however, is the small percentage of Army S&T funding 
allocated to UAS developments.

The ASB  recommendation in this area, detailed in , is for ASA(ALT) to review and revise 
the UAS roadmap as necessary to identify and embed near-term and future UAS that are capable 
of satisfying the Army Aviation SoS architecture and CONOPS that will emanate from the SoS 
operational effectiveness analysis (Recommendation Set #1). 

Findings 
• The USN/USMC and USAF have strong visions for the expanding role of UAS and manned-

unmanned teaming in aviation missions. 
• DARPA, USN/USMC and USAF are investing in next generation UAS technology options 

that offer potential capability for Army Aviation. 
• New UAS are needed to fully exploit manned–unmanned synergy and collaboration of 

manned systems with supervised autonomous systems within a system-of-systems 
architecture. 

Recommendation 
• ASA(ALT): Revise UAS Roadmap to expand near-term and future UAS vehicle options, 

some of which should be compatible with speed, hover, and range of current and future 
manned aircraft, with attributes compatible with distributed functionality among UAS 
(ISR, Lethality, …) as informed by the results of system of systems operational 
effectiveness analyses (Recommendation Set #1)



4.4 Modernization of Legacy Rotorcraft Systems 

egacy rotorcraft systems (AH-64, CH-47 and UH-60), which are all 
1960-1970 vintage designs, will remain deployed until at least 2060.  This century-long platform 
life would be rivaled only by the B-52 bomber, which has been re-purposed from its original 
mission to extend its utility. These Army rotorcraft platforms have undergone several upgrades 
over their lifetimes, and the Army plans to continue modernization of these platforms until FVL 
is deployed ( ).



Army Equipment Program in Support of President’s Budget 2016. 

However, since it will take several decades of FVL procurement to replace all legacy platforms, at 
least one more major upgrade to these systems will be required beyond those currently in 
progress or funded within the POM for them to remain operationally effective against the 
evolving threat.  Fortunately, several significant technology initiatives within the Army Aviation 
S&T portfolio apply to both legacy and future manned systems. These technologies include 
ITEP/FATE engine insertion, DVE capabilities, CBM/PHM capabilities, ASE improvements, and 
greater MUM-T. The RDECOM advanced aircraft engine program (see ) is a perfect 
example of the type of dual-purpose technology program that yields benefits to both future and 
legacy aviation systems. The operational utility of inserting ITEP/FATE engine technology into a 
legacy system is illustrated in  by the dramatic increase in range/payload of the Black 
Hawk platform. The vertical dashed line (at a radius of 200 km) in the figure illustrates a doubling 
of payload capacity in transitioning from the current engine to the ITEP engine. 





The recommendation resulting from these findings, detailed in , is to continue S&T 
investment in dual use technology programs that benefit legacy systems as well as FVL.

Findings 
• Legacy rotorcraft systems (AH-64, CH-47 and UH-60) are expected to remain deployed 

until at least 2060, requiring modernization investment. 
• Within the current limited budget, Army Aviation S&T is investing in technologies that 

apply to both legacy and future manned systems. 
• These technologies include:  ITEP/FATE engine insertion, DVE capabilities, CBM/PHM 

capabilities, ASE improvements, and greater MUM-T.   
Recommendation 
• ASA(ALT):  Continue S&T and road-mapping efforts for modernizing legacy systems with 

emphasis on those technologies that are also applicable to future aircraft, as informed by 
the results of system of systems operational effectiveness analysis (Recommendation 1). 

4.5 FVL Acquisition with Speed and Simplicity 



–





Findings 
• JMR-TD and FVL provide focus for Army Aviation S&T for next generation rotorcraft 

systems and provide a solid basis for much needed capability improvements (Ref. FVL 
ICD); however, there is no funding for FVL in the POM. 

• The JMR-TD vehicles are close in size and aerodynamic performance capability to the FVL 
medium class system. 

• The current FVL schedule leads to an IOC of the first system in the mid-2030s. It should be 
beneficial to accelerate this timeline through an evolutionary acquisition approach if 
funding allows. 

• The JMR-TD, DARPA X planes, USN/USMC prototyping efforts, and industry investment 
support talent development and retention in rotorcraft government and industry teams. 

Recommendation 
• ASA(ALT): Develop an evolutionary acquisition approach for FVL to allow for earliest 

possible fielding consistent with funding constraints, as informed by the results of system 
of systems operational effectiveness analyses (Recommendation Set #1). 

4.6 Aviation Mission Systems 





by virtue of the Army’s role as the DoD lead for rotorcraft systems. The
 expand mission system technology 

development, currently focused on DVE, to enable advanced formation concepts in future 
manned and unmanned platforms, and legacy platforms as appropriate, as informed by the 
results of system of systems operational effectiveness analyses (Recommendation Set #1).

Findings 
• Army S&T mission system programs include Lethality, Survivability, Teaming & Autonomy, 

Human-System Interface, Avionics, and Networks. 
• RDECOM DVE goals are appropriate and feasible - Progress at AMRDEC, CERDEC, and ARL 

in sensors, flight control, cueing, computing, and networking. 
• Reduced pilot workload arising from DVE technologies should increase operational 

mission capacity (e.g., formations with UAS). 
• Advanced sensors (e.g., IR, visible, and hyperspectral) are being developed. 
• Additional advanced mission systems (e.g., offensive and defensive directed energy) and 

open system architectures are needed. 
• DoD provides singular modeling and wind tunnel capabilities (NASA Ames) 
Recommendation 
• AMRDEC/ADD: Expand mission system technology development, currently focused on 

DVE, to enable advanced formation concepts in future manned and unmanned platforms, 
and legacy platforms as appropriate, as informed by the results of system of systems 
operational effectiveness analyses (Recommendation Set #1). 

4.7 Aviation Systems Integration and Testbed 



–





Findings 
• Concepts developed in Recommendation 1 and new technical capabilities referenced in 

Sections 2-6 (individually and as integrated systems) will require extensive testing. 
• Some initial work is found in CERDEC I2WD open systems efforts and DARPA’s System of 

Systems Integration, Technology and Experimentation (SoSITE). 
• Fully integrated joint vision for aviation in DoD is not evident.  Coalition environment 

should be considered.  
Recommendations 
• RDECOM:  Build the components of an integrated “survivable” system (MUM-T, attritable 

assets, secure comms, PNT, open operating systems, autonomy, high/low mix, distributed 
functions across future “formations”). 

• RDECOM:  Building on Recommendation 1 and Sections 2-6, develop an aviation 
integration testbed for experimentation and validation of technology, prototypes, and 
concepts.  Potentially include demonstration (such as JMR TD), prototype, surrogate, and 
operational systems. 

4.8 Advanced and Disruptive Systems S&T 
–





Findings 
• Army Aviation is at a crossroad of challenge and opportunity.  

– The challenge: threat sophistication will demand a transformation in the nature of 
warfare in 2025 and beyond (missiles, UAS, DE, Cyber).  

– The opportunity: technology is emerging that enables significant improvement in 
aviation capabilities.  

• Advanced technology solutions are required, including:  UAS, autonomy, manned-
unmanned collaboration, communications, directed energy, sensors, condition-based and 
near-zero maintenance technology/concepts, and other discoveries from the S&T 
enterprise.  

• There is relevant work in other Services, DARPA, and NASA that should be leveraged.  
Recommendations 
• RDECOM:  To address expanding complex threats and opportunities develop advanced 

technologies for an integrated/holistic, manned/unmanned architecture/system to ensure 
survivability and mission success. 

• ASA(ALT):  Include in S&T portfolio leap-ahead technologies (counter-DE, counter-UAS, 
advanced materials) 

4.9 S&T Investment Strategy 



with the Army’s role as Lead Service for rotorcraft.  The next largest contribution is from DARPA, 



Findings 
• Based on findings in Sections 1-8, the capabilities of Army Aviation S&T must evolve 

rapidly (e.g., need to expand UAS and autonomy activity); thus the level of S&T activity 
must expand beyond the manned aviation S&T portfolio, which is currently well managed. 

• Army S&T investment has led to successful ITEP and FATE engine developments; the 
transition of these S&T efforts to PORs is essential to both FVL and modernized legacy 
platforms.  

• Current S&T investment is insufficient to achieve the needed transformation and to 
maintain overmatch in 2025 and beyond. 

Recommendations 
• AMRDEC/ADD:  Continue active participation in VAATE and RAMPED engine development. 
• RDECOM:  Explore innovative mechanisms for external collaboration (university, industry, 

etc.), such as grand challenges (similar to DARPA construct). 
• ASA(ALT):  After exploring leveraging opportunities with other R&D activities, advocate 

more funding for Aviation S&T. 



5 CONCLUSION – THE FUTURE OF ARMY AVIATION 

This  “System of Systems” construct (a way to describe different 

the study team’s 
“Systems of Systems Operational Effectiveness 

s”

affordable new capability in tomorrow’s fight. 

“formation” of air 

“system” design and deployment would allow increased speed of adaption and affordability.  

of more, relatively inexpensive “parts” that are quickly integrated into increasingly dynamic and 
from the “system of 

” rather than from the individual “parts” or platforms. The attributes of the “system”  
report include implementing a “cost trategy” on the adversary, plus 

As presented in the study team’s concluding briefing chart below, the threats are rapidly 
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APPENDIX  B  STUDY TEAM MEMBERS 



APPENDIX  C  SITE VISIT AND INTERVIEW LINES OF INQUIRY  

• 

• 

• 

• 

• 

• 

–

• 

 What do you consider to be ADD’s core competencies?
 Why was ADD’s Advanced Systems a
 
 

 

 

 



 
o the CSA’s Force 2025 and Beyond Campaign being led 

 What are ADD’s principal contributions to the JMR Tech Demo and FVL programs? 
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• 

• 

• 

• 

• 

• 

• 



• 

• 



APPENDIX  D   JOINT MULTI-ROLE TECH DEMO AND FUTURE VERTICAL LIFT 
INITIATIVE 

D.1 Joint Multi-Role Technology Demonstration (JMR-TD) 

JMR-TD is NOT a prototype for Future Vertical Lift – it is a 
technology demonstration.  

 –
 –
 
 – –





• Advanced technology implementation on high speed air vehicle configurations 
• The refinement of analytical methods for coaxial and tilt rotor configurations 
• The collaboration of the rotary wing enterprise to provide an advanced, efficient, affordable 

aviation weapon system 

D.2 Future Vertical Lift (FVL) Family of Systems (FoS) 
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• –
• –
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D.3 Findings Regarding JMR-TD and FVL FoS 

1. JMR-TD and FVL provide focus for Army Aviation S&T for next generation rotorcraft 
systems and provide a solid basis for much needed capability improvements (Ref. FVL 
ICD); however, there is no funding for FVL in the POM. 

2. The JMR-TD vehicles are close in size and aerodynamic performance capability to the 
FVL medium class system. 

3. The current FVL schedule leads to an IOC of the first system in the mid 2030s. It should 
be beneficial to accelerate this timeline through an evolutionary acquisition approach if 
funding allows. 

4. The JMR-TD, DARPA X planes, USN/USMC prototyping efforts, and industry investment 
support talent development and retention in rotorcraft government and industry teams.  



APPENDIX  E  ARMY AVIATION EFFORTS 

• 
• 



E.1 Operations Support and Sustainment 

The Army’





to support the Army’s

reduction methods; investigate a “virtual reality” concept for self



is being conducted as part of the Army’s 

of the Army’s Maintenance Support Device (MSD), into the Brigade Combat Team information 

Autonomous Sustainment Technologies for Rotorcraft Operations (ASTRO) and 
Ultra Reliable Design programs.  The work now involves continuing development of 
technologies and methodologies to enable more efficient designs and reduce the maintenance 
burden for future and current fleet vertical lift aircraft; development of on-engine, adaptive 
engine controls to optimize performance, component life and maintenance schedule based on 
engine health; development of in-flight, real-time, automated methods to adjust rotor system 
track and balance to reduce aircraft vibration and loads; development of improved failure 



detection capabilities within the planetary system; and reducing the size and weight impact of 
advanced sensor technologies.  Additional work involves continuing development of 
methodology to allow operations above maximum continuous rating for limited periods of time; 
development of a level of autonomy for the condition assessment process for a composite 
airframe; decision support for repair decisions with a repair integrity assessment approach; and 
development of a comprehensive integrated aircraft-wide electrical system capability for 
diagnostics, fault isolation, and generating trendable health indicators.  An assessment directed 
toward development of reliability criteria for design tools, methodologies, and materials to 
facilitate optimization of future rotorcraft designs is also being conducted.  

Another change, one involving Advanced Technology Development (Budget Activity 3) in the 
area of Maintainability & Sustainability Systems, restates FY 2016 plans as emphasizing the 
development of technologies and methodologies to enable more efficient designs and reduce 
the maintenance burden for future and current fleet vertical lift aircraft.  Specific planned 
activities include completion of developments of on-engine, adaptive engine controls to 
optimize performance, component life and maintenance schedule based on engine health; 
development of in-flight, real-time, automated methods for adjusting rotor system track and 
balance to reduce aircraft vibration and loads; development of improved failure detection 
within the planetary system; and reducing the size and weight impact of advanced sensor 
technologies. Additional planned FY 2016 work will develop methodology to allow operations 
above maximum continuous rating for limited periods of time; complete development of a level 
of autonomy for the condition assessment process for a composite airframe; and provide 
decision support for repair decisions with a repair integrity assessment approach.  This change 
was also made to more accurately describe the work being done on the ASTRO program.

E.2 Concept Design and Assessment 

• Multi-disciplinary design analysis and optimization 
• Development of design methods and tools
• Concept formulation and design
• Generation of conceptual design performance data to populate the evaluation trade space
• Evaluation of concepts’ ability to meet user requirements
• Identification of technology impacts



concepts, the group also performs a “deep dive” on an advanced concept such as the tail sitter 

15 personnel) that acts as the “honest broker” for many efforts, 

E.3 Unmanned Aircraft Systems 

• Raven – hand-launched, 4 lb max takeoff 
• Puma  – hand-launched, 13.5 lb max takeoff 
• Shadow – short range tactical ISR, 375 lb max takeoff 
• Gray Eagle – Predator upgrade, 3,600 lb max takeoff 

John Beck, “Army UAS Update,” briefing to Huntsville Aerospace Marketing A





–

is subtitled “Eyes of the Army” 
reflecting the Army’s current focus on using UAS for ISR.  It is anticipated that 

ASA(ALT) should revise the UAS 
Roadmap to expand near-term and future UAS vehicle options, some of which should be 
compatible with speed, hover, and range of current and future manned aircraft, with attributes 
compatible with distributed functionality among UAS (ISR, Lethality, …).

Army UAS Center of Excellence, “Eyes of the Army,” U.S. Army Unmanned Aircraft Systems 



E.4 Basic Research 

• 

• 
– 
– 
– 

• 
– 
– “the system”







ly, it is important to point out a new laboratory business model termed the “Open Campus 
Initiative” put forward by ARL.  The concept for this ARL initiative is shown in 





APPENDIX  F   OTHER EFFORTS IN MANNED AND OPTIONALLY MANNED 
ROTORCRAFT 

coaxial rigid-rotor, pusher-propulsor design

Sikorsky press release, “Sikorsky S ™ Helicopter Achieves Successful First Flight,” 22 





F.1 OSD Air Platforms Community of Interest 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

F.2 Navy/Marine 



 





F.3 Air Force 

the Service’s Core Function of Personnel Recovery. Additionally, the UH

–



modernization efforts, the Air Force’s commitment to rota

F.4 DARPA 

 
• Phase 1: develop a preliminary concept design for aircraft (4 primes) 
• Phase 2: develop, construct, and integrate (1 prime) 
• Phase 3: conducting flight test demonstrations by 2017-2018 (1 prime) 

• Speed: Achieve a top sustained flight speed of 300 kt-400 kt 
• Hover efficiency: Raise hover efficiency from 60 percent to at least 75 percent 
• Cruise efficiency: Present a more favorable cruise lift-to-drag ratio of at least 10, up from 

5-6 
• Useful load capacity: Maintain the ability to perform useful work by carrying a useful load 

of at least 40% of the vehicle’s projected gross weight of 10,000-12,000 pounds 

• Boeing Phantom Swift – Four ducted fans - 2 body lift fans fore and aft and 2 wingtip 
thrusters that tilt for forward flight 

• Karem – tilt rotor with optimum speed rotor 
• Sikorsky (w/ Lockheed Skunk Works) – tail-sitter aircraft using rotor blown wing 

Dr. Ashish Bagai, “Vertical Takeoff and Landing Experimental Plane (VTOL X Plane),” 

Richard Whittle, “The Next X Plane,” 



• Aurora Flight Sciences Lightning Strike  – electric generators that drive 24 fans that tilt 
upward for lift and forward for horizontal flight, 18 are in a wing near the tail of the aircraft 
and 6 are on a canard near the nose 

 

F.5 Army Special Operations 

Sikorsky 

Kaman 

Aurora 

Boeing 



F.6 NASA 



1. Development of conventional and non-conventional very light, light, medium, heavy and 
ultra-heavy vertical lift configurations. 

2. Development of technologies that address noise, performance, efficiency, safety, 
community acceptance and affordability.  These include: 

a. Advanced Efficient Multi-speed Propulsion: Demonstrate and mature propulsion 
and drive system technologies to enable increased vehicle speeds while maximizing 
propulsive efficiency and minimizing weight penalty.  Figure F-10 shows the 
development schedule through FY20 for this technology. 

Dyer, “ARMD and Advanced Air Vehicles Program Overview“ and Susan A. Gorton, 
“Revolutionary Vertical Lift Technology Project Overview“



b. Low-Noise Vertical-Lift Concepts and Configurations: Demonstrate and mature 
aeromechanics technologies to enable design, analysis, testing, and optimization of 
low-noise vertical lift concepts.  Figure F-10 shows the development schedule 
through FY20 for these technologies.  
 





is that NASA’s funding levels are ~$20M per year (includes salary for ~65 Civil Service Workers) 

F.7 Industry  



The VLC was established in 2009 in response to a memorandum from the 
Under Secretary of Defense AT&L that stated that the Future Vertical Lift initiative “will only be 
successful with the full support of, and partnership with, the vertical lift aircraft industry”. The 
mission of the VLC is to “work collaboratively with the US Government to develop and transition 
innovative vertical lift technologies to rapidly and affordably meet warfighter needs.” Its mission 
is to be a “cohesive national resource which various Government customers can efficiently 
access for innovative technologies to fulfill critical DoD vertical lift needs, which invigorates the 
US industrial base, drives innovation, and achieves an international competitive edge.”

US has 
enjoyed global asymmetrical advantage from innovative technology that has been generated by 
a diverse, competitive research and industrial base and motivated by an engaged Government 



customer. However, continued advantage is not assured and Asia and Europe are at par and 
advancing.



APPENDIX  G  ONGOING AND PLANNED DEVELOPMENT FOR UAS (INLCUDING MUM-T) 

– –

–



–



G.1 DoD Unmanned Systems Integrated Roadmap 

• 

Unmanned systems currently fulfill a wide variety of “dull” mission sets, and t

• 

• 

G.2 Navy/Marine 

“Unmanned Systems Integrated Roadmap (FY2013 2038),” DOD







G.3 Air Force 

iding “wingman” capabilities util

• 
• 
• 



G.4 DARPA 

1. Provide increased military effectiveness in complex environments,  
2. Obtain cost leverage (i.e., the cost of the opponent to counter relative to the cost of the US 

to deploy), and  
3. Enable adaptability necessary to maintain US air superiority in contested environments.  



platform collaboration. DARPA’s premise is that 



The Army’s Future Combat System (FCS) had a vision of creating a highly, integrated systems

program’s cancel

using Army’s common open architecture protocols to model and 



G.5 Army Special Operations  

G.6 NASA  

Jen Judson, “Army Special Intelligence UAVs,” 

Dyer, “ARMD and Advanced Air Vehicles Program Overview“



civilian airspace.  NASA’s concept for the unmanned traffic management system is key to 
• Safely opening new markets, and  
• De-confliction with existing vertical flight. 

A. Gorton, “Revolutionary Vertical Lift Technology Project Overview“



G.7 Industry  



APPENDIX  H  LARGE-SCALE TEST FACILITIES RELEVANT TO ARMY AVIATION 

• 

120 foot test section is the world’s largest wind 

• 
• 

testing; world’s premier wind tunnel for testing large aeroelastically scaled models at 



• 
• 

• 

• 

• 

• 

• 

• 

• 

• 
out ``experimental’’ code before flying on RASCAL.

• 





APPENDIX  I ARMY AVIATION FUNDING 

I.1 Army Total Obligation Authority 
The President’s Budget funding request for FY16 includes $126.4B base funding plus $20.7B 

I.2 Army Procurement Funding 



I.3 Army RDTE Funding 

• 

• 

• 

• 

• 

• 

• 





I.4 Army S&T Funding 





APPENDIX  J  ASB APPROVED BRIEFING WITH FINDINGS AND RECOMMENDATIONS  



















































APPENDIX  K  ABBREVIATIONS AND ACRONYMS  
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