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CHAPTER 1
Introduction

Forecasting the future is a daunting task, however,
identified fast-moving trends across the diplomatic, in-
formation, military, and economic subjects are rapidly
transforming the nature of all aspects of society and
human life, including the character of warfare'. To be
prepared for the future to come, national and military
organizations are conducting strategic analysis trying
to visualize the Future Operational Environment? (FOE).

The North Atlantic Treaty Organization (NATO) has
recognized that the future of the Armed Forces will
be different from today. During the Wales summit in
2014, it already was stated that NATO Joint Air Power
capabilities will require longer-term consideration
and analyses of the future role of joint air power.
In the ‘NATO Strategic Foresight Analysis (SFA) 2017’

Alliance leadership tries to visualize the future security
environment, characterized by a rapid rate of change,
complexity, uncertainty and interconnectedness. The
SFA describes the future NATO expects to unfold to
2035 and beyond, in terms of political, social, technol-
ogical, economic, and environmental trends.?

These trends will also have their effect on subareas like
rotary wing operations. The importance of rotorcraft in
both past and present military operations is widely
recognized and they have proven to be an important
element in the success of operations. Warfare* is ex-
pected to become more complex in the future, and
the Future Battlefield Rotorcraft Capability’ (FBRC) will
be an indispensable, and most critical capability re-
quirement for conducting air movement or armed
combat missions. In analysis, it is expected possible
adversaries will adopt new technologies, new doc-
trines and revised strategic concepts, modernizing
their capabilities in the 2017-2035 timeframe®, making
differences among conventional forces smaller. It is
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also expected that the timeframe 2035-2050 will be
marked by significant breakthroughs in technology
and convergences regarding capabilities, which will
lead to significant changes in the character of warfare®.

In the 2030-2035 timeframe many of NATO's helicop-
ters will be due for replacement” and many allies will
refurbish or retire their current helicopter fleets. In
fact, the German Ministry of Defense (MOD)® is pre-
paring for the creation of a future multirole heavy
transport helicopter, as their current CH-53 fleet is
expected to reach the end of its service life in the
next decade. The United Kingdom MOD is currently
assessing their long-term requirements for replacing
their medium helicopters from the mid to late 2030s.”
In this case, a potential result of the UK Army-led com-
bined, Multi-Role Capability Investigation (MRCI)', and
the Maritime Organic Aviation Capability (MOAC)"
led by the Navy, is that a single type will replace the
current mixed fleet of Merlin, Puma and Wildcat heli-
copters. Largely all of these helicopter types in use
are based on technology and requirements of the
1970s and 80s.

Due to the time needed to develop new types of
helicopters, preparing for the new era will be one
of the toughest challenges that NATO faces in the
next 15-20 years and beyond.

1.1 Aim

1.1.1 This study aims to provide an independent analy-
sis regarding the necessary requirements of a future
military rotorcraft capability in support of future NATO
rotary wing operations in 2035 and beyond.

1.2 Scope

1.2.1 Aspects of future rotorcraft capabilities are be-
ing discussed across a wide community of interest.
Within NATO several agencies and Working Groups
(WGs), e.g. the Science and Technology Organisation,
Applied Vehicle Technology Panel, the NATO Army
Armaments Group — Joint Capability Group on Vertical

Lift (NAAG/JCGVL), the NATO Standardization Office’s
helicopter related working groups and panels, and the
NATO Helicopter Design and Development Production
and Logistics Management Agency'?, are discussing all
the aspects regarding future rotorcraft capabilities.

1.2.2 Possibly leading to the development and field-
ing of next-generation rotorcraft by nations's, the
NAAG/JCGVL established the ‘Next Generation Rotor-
craft Capability Team of Experts' (NGRC ToE) to inform
nations and create support for the development of
a draft NATO Staff Requirement (NSR). As part of the
NGRC ToE study, the Joint Air Power Competence
Centre (JAPCC) executed a sub-study to define the
future operational environment. Additionally, syn-
chronizing the NGRC ToE study, the JAPCC published
articles in journals' on the subject of future rotor-
craft. Furthermore, on request of the Italian Air Force
Staff, the NATO Special Operations HQ (NSHQ), and
the European Personnel Recovery Centre (EPRC), the
JAPCC conducted an independent analysis of how
future rotorcraft will be properly developed for future
NATO operations.

1.2.3 The articles published by the JAPCC should be
seen as the first step of an independent contribution
to the discussions in shaping the future rotorcraft
capabilities. This White Paper is a successive study par-
tially based on the information/aspects derived from
those JAPCC articles.

1.2.4 This White Paper will provide the Alliance with a
series of deductions on how the FBRC could be
shaped in the coming years. The actual acquisition of
rotorcraft airframes is ultimately a task of respective
Ministries of Defence, in conjunction with the Military
Aviation Authorities (MAAs) regarding the airworthi-
ness certification of these airframes. This process is
outside the scope of this paper.

1.3 Objective

1.3.1 To understand how the FBRC should be shaped,
one needs to understand what kind of aspects can or
should affect or influence the FBRC.
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1.3.2 Future Operational Environment (FOE)

1.3.2.1 The FOE unfolding to 2035 and beyond will be
affected by political, social, technological, economic,
and environmental trends. Within these trends, it is ex-
pected that environmental and technological changes
will have a direct impact on the security environment
and therefore on the future battlefield. The political,
social (human) and economic trends will also have in-
direct effects and or consequences on the battlefield
and therefore on the developments and requirements
of systems of the FRBC.

1.3.3 Operational and Customers Requirements

1.3.3.1 Despite the rapid changes to the security en-
vironment within the FOE, future military capabilities
have to remain relevant and credible on the future
battlefield to accomplish their core tasks. Within the
study, an analysis of the FBRC customer’s future re-
quirements will be conducted against future threats
that will shape the new capability. By understanding
the future environment and possible future develop-
ments in technology, adequate operational analysis
of potential threats, and related future user require-
ments can be made, resulting in a set of technical
and operational requirements which can shape the

FBRC to remain relevant and credible on the future
battlefield. Capability requirements will be presented
in this study in terms of platform characteristics, such
as size, cargo capacity, speed etc.

1. Thomas A. Kruegler, 31 May 2017, G2 Strategy, Plans, Policy, and Outreach at US Army
Training and Doctrine Command, ‘The Operational Environment and the Changing Character
of Future Warfare

2. Military parlance: The combination of the conditions, circumstances, and influences which
will determine the use of military forces and help a unit commander make decisions.

3. NATO (SACT) (2017) Strategic Foresight Analysis 2017 Report, Norfolk, Virginia USA: NATO
Headquarters Supreme Allied Command Transformation.

4. The field or ground on which a battle is fought.

5. Ibid. 1.

6. David Fastabend and Jeffrey Becker, 19 Dec. 2017, The Operational Environment, 2035—2050:
The Emerging Character of Warfare’

7. NATO Future Helicopter, https://www.defensenews.com/digital-show-dailies/paris-air-
show/2017/06/16/nato-s-future-helicopter-the-alliance-s-strategy-to-modernizing-its-
rotorcraft-capability/

8. German Military Helicopters, https://www.reuters.com/article/us-germany-military-
helicopter/german-military-kicks-off-heavy-lift-helicopter-competition-source-
idUSKBNTE9TEN

9. Ministry of Defence (2014) Strategic Trends Programme, Global Strategic Trends — Out to
2045, Fifth Edition. London, UK: Ministry of Defence.

10. The 2015 Strategic Defence and Security Review, http://researchbriefings.files.parliament.uk/
documents/CBP-7462/CBP-7462.pdf

11. Commander UK Maritime Forces speech at Palace of Westminster, https://www.royalnavy.
mod.uk/news-and-latest-activity/news/2017/january/17/170117-commander-uk-
maritime-forces-speech-at-palace-of-westminster

12. JAPCC Journal, Ed. 23 winter 2016, Lt Col Miklds Szabé, ‘The Future NATO Rotorcraft Force,
(apability Requirements through 2030 and Beyond'

13. NAAG, JCGVL, NGRCToE, Final Report version 1.3, dated 12 Feb. 2018.

14. The Journal of the JAPCC, Ed. 23—26, 2017/2018
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CHAPTER 2

Future Operational
Environmental (FOE)

2.1 General

2.1.1 The global environment has already changed
significantly during the past decade and is expected
to change more rapidly in the years to come, forcing
nations and military organizations to envision the pos-
sible FOE. The FOE is considered to be influenced by
what the European Environmental Agency describes
as five distinct global megatrends': political, economic,
social, technological and environmental. Those factors
will be affected by the effects of globalization, described
in levels of risks and uncertainties as ‘Congested, Clut-
tered, Contested, Connected and Constrained”.

2.2 Political and Economic Environment

2.2.1 By a combination of global population growth
and increases in productivity, people will demand
governments deliver more security. However, distrust,
polarization and a growing list of emerging issues
could hamper government performance. Increasing
instability driven by power transitions and power
diffusions from governments to non-state actors
worldwide, contributes to growing public discontent.
Deteriorating confidence in political and economic
institutions, which may contribute to radicalization
and terrorist activities, combined with weak and fail-
ing states increases the risk of instability around the
world, affecting the security environment.

2.2.2 The global economic centre of gravity is shifting
from west to east and north to south. Globalization
has already and will further open emerging markets
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and has and will continue to intensify economic in-
tegration between nations. However, it is expected
this will shift jobs to countries with cheaper labour,
increasing social inequality. Increased migration
flows of people moving to find employment can
have effects such as fractured and conflictual soci-
eties, violent extremism, nationalism, isolationism,
and protectionism, leading to social unrest, affecting
the security environment.

2.3 Physical Environment

2.3.1 Environmental impacts are expected to in-
crease as the world becomes progressively more
populated and industrialized and climates continue
to change. The increase of the world’s population
and urbanization affect landscape and the physical
environment in which people live. Economic circum-
stances may result in large-scale population move-
ments within countries and across national borders.
Growing populations with longer life expectancy,
asymmetric but greater demographic mobility and
unregulated urbanization, increasing inequality and
endemic poverty can all work to diminish state ca-
pacity and resilience.

2.3.2 Urbanization is integrally connected to three
pillars of sustainable development: economic devel-
opment industrialization, social development, and
environmental protection.? In the current and future
urban areas, people live in official and informal settle-
ments (slums). Slums are and will continue to be
especially vulnerable to natural disasters and other
impacts of a changing climate which create a range
of economic, social, physical and legal vulnerabilities
for theirinhabitants. Few living there will see effective
governance. Additionally, megacity slums can gener-
ate instances of insecurity like ethnic rivalry, cultural
grievance, criminality and religious extremism.

2.3.3 It is expected that urban areas will be home to
65 percent of the world’s population by 2040, and
habitable locations could depend on the availability
of resources like water and food. The majority of these
congested urban clusters will be situated in the vicinity

of the coast in littoral areas’. In combination with
economic growth, rapid urbanization will increase
the demand for natural resources, which may lead to
resource scarcity.

2.3.4 Climate change will reduce the availability of
basic natural resources, exacerbate existing environ-
mental stresses, and increase the risk of extreme
weather events and natural disasters, which can ad-
ditionally lead to an increased need for humanitarian
assistance and relief, disrupting societies. The expected
increasing demands for water and food, fertile and
arable land, or other resources like natural energy
sources, will likely intensify international migration
pressures. It may reduce the resilience of society at
large, stress eco-systems services, and increase the
role in power politics to access, control and distribute
natural resources thereby stressing governments’
abilities to keep peace and provide for the needs of
their populaces.

2.4 Technology Environment

2.4.1 Global growth of the population will continue
to accelerate the rate of innovation and technology
development. Information technology and the digi-
tization of cyberspace of the world will continue
to improve offering great opportunities to indivi-
duals, state- and non-state actors. The future will see
individuals using an increasing number of network-
enabled devices where new technology is connected
and intersecting to other new technologies and ad-
vances, each optimized for the ‘human factors’ related
to the primary functions served by each device. How-
ever, it will also create vulnerabilities allowing indi-
viduals and groups on the growing global networks
immediate access to information and knowledge,
making data increasingly a strategic resource.

2.4.2 Increasingly affordable technology will permit
system replacements to incorporate higher-order
capabilities, and off-the-shelf systems will become
available. Individuals, state- and non-state actors will
have opportunities to exploit available technology
innovatively, making capability gaps smaller.
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2.4.3 Research and development of materials and
structures are expected to result in a range of new ma-
terials and advanced material capabilities, combined
with developments in software and computer sys-
tems generating improved ways of making superior
products.

2.5 FBRC Operating Environment

2.5.1 The transition of the world into a multipolar and
multi-dimensional one, with a multitude of state actors,
the increasing role of non-state actors, and increasing
multifaceted threats, create the potential for further
instability. Together with the environmental aspects
and technological developments, this transition will
rapidly change the security environment®. In the mili-
tary sphere, during armed conflict confronted with
different threats and risks, new concepts of operations
will affect the development of future military capabili-
ties in general and rotorcraft capacity in detail.

2.5.2 Environment

2.5.2.1 Due to the urbanization-related to the growth
and migration of populations, it can be expected that
megacities, the majority of which will be in littoral en-
vironments, will be the main future Area of Operation
(A00), changing the way of conducting operations in
urban warfare. However, reacting to natural disasters
and the protection of scarce resources, as a result of ur-
banization and climate change, will focus operations in
these areas in addition to long-distance operations that
will continue to remain significant.

2.5.3 Technological

2.5.3.1 Current and future technological develop-
ments will be required to strengthen, in parallel, an
increased effort in counter solutions and an innova-
tive way to accomplish future rotorcraft operations.
Furthermore, NATO's technological advantage will
be challenged and the Alliance will have to develop
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abilities to counter a wide range of increasing threats
posed by the rising capabilities of near-peer or poten-
tial peer adversaries.

2.5.3.2 The increasing availability of and advances in
information technology, the growing connectivity
in networking capacity and digitalization of civil and
military data, software and systems could form impor-
tant targets in future conflicts. The future Cyber do-
main will permit nearly all elements of nations, organi-
zations, communities to impact the military. Cyber
threats and attacks are becoming more common,
sophisticated and damaging. Weapons, designed to
deceive, degrade, disable or destroy information, net-
works, sensors, and weapon and communication
systems, could be deployed. Development of new
materials and software will support the construction
of superior military systems and platforms and could
allow for enhanced protection, health, stealth, energy
efficiency and situational awareness.

2.5.3.3 ‘Remotely Piloted Aircraft’ (RPA) or fully auto-
nomous rotorcraft systems will increasingly be able to
team up with manned rotorcraft. By combining the
future employment of robotics’ systems and/or artifi-
cial intelligence, could reduce the dangers and risks for
crew and may let autonomous rotorcraft to be oper-
ated safely and reliably. However, these developments
will raise legal and ethical questions and how these
developments might be affected by the application of
the law of armed conflict needs to be considered.

2.5.4 Future Weapon Threat

2.5.4.1 In the future operating environment the FBRC,
due to the nature of their employment operating
close to the ground, will increasingly be exposed to
the risks and threats of kinetic and lethal weapons,
also undergoing technological developments. These
weapons can range from small arms and Rocket
Propelled Grenades (RPGs), Anti-Air Artillery (AAA)
Man-Portable Air Defence Systems (MANPADS) and
Surface-to-Air Missiles (SAMs). They might also be ex-
posed to less kinetic, but equally lethal, attacks with

Chemical, Biological, Radiological or Nuclear (CBRN)?
weapons, putting the crews and passengers at serious
risk. Additionally, newly developed classes of weap-
ons, e.g. Directed Energy Weapons (DEWs), and High-
Power Lasers and microwave emitters, can cause
widespread destruction or have widespread effects.
Finally, rotorcraft will be forced to operate in a highly
contested electromagnetic environment in which
FBRC units and platforms could become the targets of
electronic warfare’,

2.5.4.2 The future global security environment through
2035 and beyond, influenced by the rapid changes of
the FOE, will be dynamic, of increasing complexity,
and ambiguous. The FBRC will be exposed to existing
kinetic and lethal technological developments and
newly developed weapons systems during the execu-
tion of operations. These systems will have the poten-
tial to destroy rotorcraft or at least severely degrade
their performance to the extent that could lead to
mission failure. To remain relevant and credible on the
future battlefield, the development of a new vertical
lift platform should not be constrained by the physical
limitations of existing traditionally designs'®.

. European Environment Agency, 2014, Assessment of Global Megatrends — an update,

v Europe.eu

. NATO (SACT) (2017) Strategic Foresight Analysis 2017 Report, Norfolk, Virginia USA: NATO
Headquarters Supreme Allied Command Transformation

. Joint Force Analysis, Force Design Devision (15 Nov. 2016), Future Operating Environment
2035, alth of Australia.

rld Urbanization Prospects, https://esa.un.org/unpd/wup/publications/

up2014-highlights.pdf

5. NATO Centre of Excellence ‘Operations in Confined and Shal ers, http
coecsw.org/fileadmin/content_uploads/projects/COE_CSW_Prosp_0Ops_in_CSW.pdf

. Future trends and scenarios are identified by the: N (T) (2017) Strategic Foresight
Analysis 2017 Report, Norfolk, Virginia USA: NATO Headquarters Supreme Allied Command
Transformation; and NATO Strategic Plans & Policy (2018) Frame work for Future Alliance
Operations 2018 Report, Norfolk, Virginia USA: NATO Headquarters Supreme Allied Command
Transformation

. Visualizing the Tactical Ground battlefield in the Year 2050: Workshop Report. Adelphi,

Maryland USA: US Army Research Laboratory. Kott, A., Alberts, D., Zalman, A., Shakarian, P,

Maymi, F, Wang, C. and Qu, G. (2015)

The Future of CBRN The Haque Centre for Strategic Studies, https://hcss.nl/sites/default/

files/files/reports/HCSS_12_03_10_The_Future_of_CBRN.pdf

. (yber-enabled information operations: The battlefield threat without a face, http
janes.com/images/assets/438/77438/Cyber-enabled_information_operations_The_
battlefield_threat_without_a_face.pdf

0. Future NATO rotorcraft capabilities Conference, http:/ ombat-helicopter.com/future

nato-rotorcraft-capabilities-to-be-discussed-at-combat-helicopter.php
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CHAPTER 3

FBRC Land, Sea and Littoral
Environments and Challenges

3.1 Introduction

3.1.1 Nations are considering how they should re-
place their assault, attack and scout aircraft’ which is
giving life to programs and offices to move forward
on analysis of alternatives of future rotorcraft”. Those
studies, other than being the first step to start any
future program, will help define the first capabilities
requirements for the future rotorcraft that each nation
has in mind or is willing to invest in. In this chapter,
there will be an analysis of the challenges for opera-
tions within the Land, Sea and Littoral environments.

3.2 Land and Urban Challenges

3.2.1 Today's Armies have not yet fully realized that
the nature of war means it is susceptible to the con-
stantly changing operational environment.? Whereas
warfare of the past was typically localized to one
battlefield, unaffected for the most part by anything
not physically on the battlefield, today's operations
are subject to much more complex affecting factors.
Modern warfare is increasingly conducted with a new
concept that involves small-footprint operations and
partnering with allies to provide cost-effective cam-
paigns. Enablers, like information age technology and
network-based organizations, have enhanced a com-
batant’s capabilities and power projection capacity.

3.2.2 Increased unmanned operations are expected
to contribute to lower human attrition during combat
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in the future. Over the last 15 years, the attrition rate
of NATO soldiers during humanitarian assistance and
logistics supply operations was significant due to a
rapid rise in the employment of Improvised Explosive
Devices (IED).4

3.2.3 In an urban environment, the way soldiers fight
must be strictly balanced against the risk of potential
collateral damage, to protect civilians in a densely
congested battlefield. NATO armies have in the past,
and will continue in the future, to place a high prio-
rity on the lives of innocent civilians and other non-
combatants. If Nations want to achieve success on
the future urban battlefields on which NATO will in-
evitably find itself, changes must be made to ensure
those protections continue. Throughout history, mili-
tary forces either sought to avoid or simply did not
need to engage in urban combat. Most military doc-
trine, and the strategic theory it is built upon, encour-
ages land forces to bypass, lay siege to, or — if required —
isolate and slowly clear cities from the outside in.
Today, different armies of the Alliance have accepted
that global population growth and urbanization trends
will increasingly force military operations into crowded
cities, and military forces must, therefore, be capable
of conducting the full range of operations in large,
dense urban areas. US Army Chief of Staff General
Mark Milley recently remarked that the Army‘has been
designed, manned, trained and equipped for the last
241 years to operate primarily in rural areas. But that is
about to change. In the future, with very high degrees
of confidence, the US Army is probably going to be
fighting in urban areas. We need to man, organize,
train and equip the force for operations in urban areas,
highly congested areas, and that's a different construct.
We're not organized like that right now".

3.2.4 Despite the clear recognition that armed forces
will increasingly be required to fight in urban areas,
no army has committed to train, organize, and equip
forces specifically to operate within cities. A 2016
United Nations report estimated 54.5 percent of the
world's population lived in urban areas®. By 2030, that
percentage is projected to increase to 60 percent. In
2016, there were 512 cities with at least one million
inhabitants. By 2030, a projected 662 cities will have

at least one million residents. And the number of
‘megacities’in the world - those with ten million resi-
dents or more - is projected to grow from 31 to 41 in
the same period.

3.2.5 Armies would be well-served by the establish-
ment of specialized units dedicated to preparing to
operate in dense urban environments, particularly
megacities. Both lessons learned from recent Alliance
campaigns in an urban environment and research
and evidence on operating in a megacity can be
used to design such a unit today. Starting from
scratch, a unit could be built based on the specific
requirements we know operations in a megacity
would call for. The unit leadership would need ex-
treme flexibility and authority for manning, staffing,
and equipping the unit. Environmental conditions
will continue to impact transport and support opera-
tions in those urban environments.

3.2.6 Operations in heavy, hot, and sometimes high
altitude conditions like those experienced in Afghani-
stan and Iraq have challenged rotorcraft performance.
In order to compensate for slow transit times, initia-
tives are taken in advance to reduce exposure time of
attack helicopters in the target area in case of a Troops
in Contact (TiC) situation. Speed must also be consid-
ered when planning troop transport. The aim is to set
a new benchmark for high-speed transport rotorcraft.

3.2.7 A 2012 report by the US Congressional Research
Service’ found 31 percent of the US warplanes cur-
rently in service are unmanned, depicting the chang-
ing nature of combat. Israeli military planners have
stated® that any army that wishes to continue to func-
tion as an army in the future will need to rebuild itself
and to adapt its manpower, its chain of command and
its combat strategy to a situation in which operations
are executed by swarms of unmanned devices. It
is estimated that future unmanned systems will be
capable of performing the majority of the classic mili-
tary tasks®. We will need human fighters in this era too,
but they will serve within very specialized frameworks
and will be trained to execute specific tasks that have
been determined to be better suited for humans to
execute, mainly for moral and ethical reasons.
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3.3 Sea and Littoral Challenges

3.3.1 Cities and megacities will hold 65 percent of the
world’s population by 2040'. The majority of these
congested urban clusters will be situated in the vicin-
ity of the coast in littoral areas'. NATO's ability to com-
mand the seas in areas where future conflicts may
take place drives us to reconsider Allied naval force
organizational structures and size and to focus more
on the capabilities required in the complex operating
environment of the littoral or coastlines of the earth.
Therefore, NATO's understanding of specific naval war-
fare doctrine and policies may be changed in consid-
eration of the future conditions. NATO should struc-
ture a fundamentally different naval force to respond
to strategic demands'?, and that new force must be
flexible enough and powerful enough to satisfy en-
during security requirements.

3.3.2 In the littoral, the employment of airlift to pro-
vide tactical mobility and logistic support for the lit-
toral landing task force is essential. In fact, the move-
ment of high priority cargo and troops within the
immediate area of operations, air-to-air refuelling and
personnel and cargo recovery are some of the most
critical missions in support of any assault operation.
Potential adversaries are forcing the services to move
their support platforms (ships) further away from the
FLOT. New requirements on the future of rotorcraft
performances, survivability and sustainability, may
arise from these battlefield conditions.

3.3.3 In the near future certain non-state actors such
as DAESH/ISIS, Al-Qaeda, Boko Haram and similar
groups may operate in a littoral environment. This
is the primary reason why NATO maritime forces
have executed the NATO Article V Operation ACTIVE
ENDEAVOUR in the Mediterranean Sea'?, with the
purpose of building and maintaining a Recognized
Maritime Picture (RMP) in the area, and to make it
harder for terrorist-driven illegal trade to take place.
The same necessity applies to piracy taking place in
the Strait of Malacca and near the Horn of Africa
where the ties to the economic foundation of Al-
Qaeda and other terrorist-related organizations can
be hard to neglect.

[M] © US Marine Corps, Lance Cpl. Brandon Maldonado

3.3.4 The littoral battlespace is characterized by inter-
dependent joint operations conducted in a conjoined

land and maritime area'®. To achieve littoral area supe-
riority, troops are required to manoeuvre freely in time
and space. The evolution of expeditionary capabilities
was once considered the sole purview of powers like
France, the UK and the USA, but now other forces are
turning their attention to developing this kind of
capability. The trend is most pronounced in the Asia-
Pacific region, but European nations like Spain and
ltaly continue to invest in advanced expeditionary
capabilities’ with a broader eye on events in Africa.
Large, modern and multirole Landing Helicopter Dock
(LHD) ships are the benchmark platform for effective,
rapidly deployable expeditionary forces.

3.3.5 Future rotorcraft support to littoral operations is
a concern for all armed forces with a littoral capability
and most of them are looking into programs for the
next generation of rotorcraft, taking into account that
littoral operations start from a ship and generally end
onaship.'

3.3.6 Rotorcraft that operate in support of littoral
operations are transported in the AOA with warships,
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and they operate, at least in the starting moments of
operation, to/from a ship flight deck. To operate from a
warship, a rotorcraft must meet different requirements
from land rotorcraft. Those specific requirements can,
if not met, be a showstopper for maritime rotorcraft
operations. Developers of FBRC which will be used in
support of littoral operations should keep this concept
in mind from the starting point of the platform design.
The FBRC design should also include from the very
early stages the indications related to compliance with
helicopter operations from ships other than aircraft
carriers (HOSTAC) requirements or the suggestions for
ship's modifications and updates for safe operations in
the required sea states.

3.3.7 One major constraint when operating on board a
warship is the space available on the flight deck and in
the hangar that is considerably less than what we can
find in military airports or land facilities. Furthermore, a
flight deck is an unstable moving surface affected by
weather and sea conditions. In this context FBRC dedi-
cated ship-based littoral operations will have to main-
tain a minimum footprint to reduce the space needed
for removal in flight deck and hangar, this will require
sophisticated automatic blade and tail folding systems.
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CHAPTER 4
FBRC Main Missions

4.1 General

4.1.1 The unique capabilities that rotorcraft integrate
and their significant contribution to the asymmetric
environment were recognized during the recent cam-
paigns in Iraq and Afghanistan.' However, it is becom-
ing gradually evident to Commanders that the short-
falls within the international helicopter community
negatively affect the overall mission. Similarly, Alliance
States’ Gross Domestic Product (GDP) reductions have
had a negative impact on rotorcraft resources avail-
ability and operability. The latter could be mitigated
by NATO's Smart Defence Initiative in which all Na-
tions contribute to the resourcing of future military
operations in the multinational environment.
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4.1.2The rotorcraft operations in the latest campaigns
reveal that every platform must integrate multiple
capabilities for every mission. Traditional platform
requirements have often been disregarded to achieve
mission success on the modern battlefield. Most of
the FBRC operations will take place in the commit-
ment phase? of an operation where the more static
Forward Operating Bases (FOBs) are linked to tempo-
rary Forward Operating Locations (FOLs), out of which
tactical operations will be planned and launched by
rather small units. Depending on the conditions of the
Air Operations Area (AOA) these FOBs could be sea as
well as land-based. In the future, both FOBs and FOLs
will be manned with fewer personnel and less equip-
ment than is currently the case, as is described by the
British House of Commons Defence Committee in its
Future Army 2020 plan.? The NATO Research and Tech-
nology Organization (RTO) confirms that this trend
will endure into the considered timeframe (2035 and
beyond). In its Joint Operations 2030 final report* the
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RTO states: In the future, military operations will in-
creasingly be the domain of small units and teams ...
that must generally execute autonomous, independent
missions for considerable periods of time

4.1.3 In all operations it is important to consider
effectiveness and in this respect, three types of trans-
port rotorcraft that would be required in the future.
They will be referred to as light, medium and heavy and
be required to support attack, transport, MEDEVAC
and SOF missions.

4.2 Attack, Air Assault and
Troop Transport

4.2.1 Following the completion of the ‘International
Security Assistance force (ISAF)” mission at the end
of 2014, a new, follow-on, NATO-led mission called
‘Resolute Support” was launched on 1 January 2015 to
provide further training, advice and assistance for the
Afghan security forces and institutions. During this
operation helicopters were employed in sustained
operations to accomplish Combat Support (CS) and
Combat Service Support (CSS) missions. CS refers to
rotorcraft units that are focused on providing opera-
tional support for combat entities. CSS is executed by
rotorcraft units which primarily provide logistical sup-
port for supply, maintenance, transportation, health
support and other services required by the soldiers
of combat elements to continue their missions. CS
missions for helicopters are intended to support spe-
cifically trained units such as SOF Air operations, Joint
Personnel Recovery (JPR) and Quick Reaction Force (ORF).
Specific tactical transport rotorcraft will be needed to
support the missions above. In fact, rotorcraft’s unique
ability to hover and land arguably everywhere, and
move virtually unhindered by natural or artificial
obstacles across the battlespace have made those
machines an indispensable asset for war-fighters at
all levels.

4.2.2 Rotorcraft will play an integral part in all kinds of
operations for modern militaries in the future so na-
tions will likely develop airframes in different weight/
size classes which can be adapted to different roles

through the installation of mission-specific equipment.
These operations will generate a series of sub-missions
for the FBRC. It all starts with the insertion of a tailored
Task Force (TF) into the Engagement Area (EA) by trans-
port rotorcraft while combat rotorcraft provide aug-
mented situational awareness and precision Fire Sup-
port (FSp). After the insertion, and in addition to the
standby missions mentioned, assets will need to be
ready to execute Reconnaissance and Surveillance (R&S),
FSp as well as punctual or emergency resupply mis-
sions for the duration of the engagement. Operations
often end with an escorted extraction of the TF from
the EA back to the FOL or FOB for reconditioning.
Furthermore, there is an ongoing requirement to be
combat ready while escorting and transporting pack-
ages in support of superior SA and FSp.

4.2.3 Future combat rotorcraft will primarily fly mis-
sions in fire support, usually in coordination with fixed-
wing unmanned and manned aircraft. The second
role will be the sensor-and-shooter’ for which rotor-
craft, such as attack helicopters, have been specially
developed to provide augmented Situational Aware-
ness and Precision Fire Support to ground forces in
the pursuit of their objectives, whenever and wher-
ever required. Despite their very effective and efficient
support to operations in the land environment, it is
fair to say that rotorcraft share this role with manned
combat aircraft and RPAs, each with their inherent
advantages and disadvantages. Although in the past,
certain rotorcraft have been exclusively designed to
execute R&S missions, evidence suggests that these
variants will no longer be found on the battlefields of
the future and that their missions will be performed
by combat helicopters teaming up with RPA as is
already the case in the United States Army®.

4.3 Logistic Resupply and Transport

4.3.1 Transport rotorcraft are employed for transport-
ing personnel and cargo in support of operations. The
benefit of rotorcraft employment for these operations
is that personnel and cargo can reach any surface,
even non-prepared, for landing. Cargo is carried either
internally, or externally by slung cargo equipment in
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which the load is suspended from an attachment
point underneath the aircraft, while troops are primarily
loaded and unloaded while the helicopter is on the
ground. However, when the helicopter landing ma-
noeuvres are limited due to terrain, personnel may
also be picked up and dropped off using specialized
devices, such as rescue hoists or special rope lines
(fast rope and rappelling device), while the aircraft
hovers overhead.

4.3.2 The most necessary and frequent mission dur-
ing operations is a routine logistic resupply, and with-
in that kind of mission, all types of consumables will
need to be transported. In particular, when it be-
comes virtually impossible for effective and efficient
resupply by utilizing ground convoys, due to the na-
ture of the terrain, road infrastructure or threat, these
missions could become very resource-consuming for
the FBRC".

!

© US Navy, MC2 Summer M. Anderson

4.4 MEDEVAC

4.4.1 Some specific and specialized missions require
crews and dedicated rotorcraft to remain on standby
24/7, with a very high alert status and short notice-to-
move requirement. One of the most visible and im-
portant of these is medical evacuation. Current mili-
tary operations have shown that on-call medical
support is a fundamental requirement for an expedi-
tionary military force. This operational necessity has
been emphasized in theatres such as Afghanistan,
where war has completely depleted local medical
facilities, rendering host nation medical support less
than adequate according to Western standards, or
even non-existent. In accordance with NATO Stan-
dardization Agreement (STANAG) 32048, forward Medi-
cal Evacuation (MEDEVAC) is ‘the phase of evacuation
which provides airlift for patients between points within
the battlefield, from the battlefield, as far forward as the
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point of wounding, to the initial point of treatment and
to subsequent points of treatment within the combat
zone’. This means highly skilled medical crews rely on
rotorcraft for rapid ingress directly to the wounded,
regardless of their proximity to enemy positions. But,
not all services can deploy these kinds of highly skilled
medical personnel and, often, the medic, doctor or
nurse on board has only basic trauma skills, which are
not enough to treat the severe injuries that Impro-
vised Explosive Devices (IED)/Small Arms Fire (SAF)
victims suffer. For those reasons, MEDEVAC stand-by
missions will remain in the future priority missions,
albeit at a considerable cost regarding platform and
crew allocation.

4.4.2 Operations during Desert Storm demonstrated
that the old concept of forward deploying large
medical facilities which could provide definitive sur-
gery on all patients and hold them until they were
‘stable’ was no longer viable. It became evident that
the movement of more ‘stabilized’ or ‘unstable’ pa-
tients would become the norm, and most of the
nations have now implemented systems to ensure
the provision of more highly-trained medical aircrews
and more ‘intensive care unit’ — like equipment in
both fixed and rotary wing ambulances. For these
reasons, all Nations within NATO are starting to look
into programs of unmanned vertical lift platforms
designed for MEDEVAC.

4.4.3 The US Army continues to evaluate capabilities
associated with the Future Vertical Lift (FVL)° program —
which is still a developing program. This study pre-
sents two significant outcomes associated with the
future aeromedical evacuation platform capabilities
and one finding associated with medical doctrine and
the planning for future brigade operations. These
three results are based on simplifying assumptions
and constraints for a scenario where a future brigade
is operating in an area 300 x 300 km, and zero-risk air-
craft ground speed'® required for the FVL platform is
350 nautical miles per hour. The zero risk speed is de-
fined as that speed required to transport the patient
from point of injury to an adequate medical facility
within 60 minutes. Given these same parameters and
constraints, for the future brigade projecting power in

a circle of radius 150 km, the zero-risk ground speed
required for the FVL platform would be 260 knots.
Because the locations of casualties in future brigade-
size stability and support operations cannot be accu-
rately forecasted, collocating aeromedical evacuation
assets and surgical elements within 60-minutes is the
best option to address the problem within the so-
called ‘golden hour' rule that has saved the lives of
seriously wounded troops in recent NATO operations."

4.4.4 Different studies assessed the potential appli-
cations of UAS for assisting combat troops on the
battlefield?, and particularly for facilitating a quick
and relatively safe medical evacuation. An unmanned
rotorcraft that could land safely in a remote landing
zone to pick up an injured soldier could be a vast im-
provement, but if that the same airframe needs to
accommodate equipment and a surgeon who can
operate on a wounded soldier, that is a more compli-
cated matter. Given the nature of these missions, it is
reasonable to believe that they will be executed by
manned rotorcraft, escorted by unmanned ones.

4.5 SOF

4.5.1 Special operations are those specially designated,
organized, trained, and equipped forces using opera-
tional tactics, techniques, and modes of employment
thatare not standard to conventional forces to achieve
operational to strategic effects and with levels of
physical and political risk normally not associated
with conventional operations'. NATO SOF operations,
often referred to simply as ‘SOF; are inherently joint
and will usually require support, close coordination,
and shared interoperability among other SOF and the
conventional components of a joint force.

4.5.2 SOF Rotary Wing aircrew generally use conven-
tional rotorcraft in ways unexpected by the oppo-
nent to achieve operational and strategic results.
Some nations have fielded very specialized, purpose-
built aircraft, while other nations have been able to
achieve very good results with some after-market
modifications to aircraft already in use by their con-
ventional fleets.
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4.5.3 Recent NATO operations revealed that two main
missions could be assigned to SOF rotorcraft; Direct
Action (DA) consisting of infiltration and exfiltration of
SOF personnel and equipment and actions over an
objective area; and Special Reconnaissance (SR)."
Those kinds of operations frequently involve extended
ranges and difficult flying conditions (e.g. low illumi-
nation levels, harsh environments, and high threat
levels). The movement, pre-positioning, and resupply
of these troops and their caches are often conducted
discreetly or covertly which is critical to overall success.
For future operations, due to threats from evolving
enemy capabilities, it is improbable that 12 or more
soldiers with their specialized equipment could take
off on a rotorcraft and be repositioned to a location
in direct contact with the enemy based on the un-
folding situation on the battlefield.

4.5.4 Future RW special operations aircrews will be
affected by the same environmental conditions as
conventional air operations. Being able to operate be-
yond the enemy'’s capabilities will be a critical factor
in reducing risk and increasing success. One of the
worst limitations of today’s SOF rotorcraft is the per-
formance in extreme environmental conditions. In
fact high atmosphere temperature and high-density
altitude affect rotorcraft allowable payload, range and
ability to hover or land at higher altitudes.

4.5.5 For many years rotorcraft in support of SOF avia-
tion have been developed rapidly and inexpensively
using the technology and airframes already in use
for other armed forces. In fact, SOF aviation today con-
tinues the use of non-dedicated rotorcraft designs
modified for their own specific mission purposes. This
will likely continue in the future as it will not be eco-
nomically feasible to design FBRC systems only for
SOF aviation due to their small fleet requirements.
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CHAPTER 5
FBRC Capability Requirements

5.1 Introduction

5.1.1 Alliance armed forces' currently employ almost
ten thousand rotorcraft from numerous manufacturers.
As mentioned before, in many countries replacement
or modernization programs are ongoing or planned
in the short- and medium-term. However, little effort
to harmonize capabilities has been done by Allies or
their industry partners. The improvement of NATO's
future rotary wing capabilities cannot be based solely
on the acquisition or upgrade of a single helicopter
model. Considering recent operational experience,
rapid advancement of technology and expected
threat environment, NATO should formulate a con-
cept of operations for vertical lift. This concept should

provide a coherent and comprehensive strategy for

a widely harmonized and accepted development
project. Through at least 2030, it is expected that a
combination of highly advanced new generation air-
craft will operate concurrently with‘legacy’equipment.

5.1.2 As a result of the ongoing resource constraints
on the FRBC development project, the most impor-
tant prerequisite is the ‘materiel’ The different ver-
sions and rotorcraft mission types, including those
required for ground support operations, will shape
the FBRC. Not every nation within the Alliance will be
able or willing to acquire and operate the complete
array of rotorcraft. Nations might decide to replace
only their current inventory with a similar FBRC ver-
sion or acquire another variant to complement or
upgrade legacy equipment. Nations must be aware
of the considerable impact on interoperability since
major differences in performance must be expected.
For these reasons, it could be necessary to establish a
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matrix of the required common capabilities following
the guidelines of the NATO STANAG 4555 by defining
the applicable MEP (Mission Equipment Package)
that could be used by legacy aircraft. It should
be clear to Force Commanders that they will require
balanced, deployable fleets able to execute the wide
array of missions in the most effective and efficient
way. Being NATO's catalyst for the transformation of
capabilities, Allied Command for Transformation (ACT)
has a leading role to play in this process that is about
to commence and will continue for the following 5 to
15 years.

5.1.3 In defining the FBRC, the physical environment
will contribute significantly to shaping the requirements.
The current requirements for ‘Hot & High” will endure.
Specific attention will have to be paid to the particular
dangers the future physical operating environment
will pose to crews and rotorcraft. Consequentially, fully

automated take-offs, approaches and landings should
be made possible to mitigate the very detrimental
effects of ‘brownout’ and, albeit to a lesser degree,
‘whiteout’, conditions, which are described as the most
dangerous manoeuvre a rotorcraft pilot can perform.
Poor performance in these conditions during these
sequences of flight can and have resulted in injury or
death and of course loss or damage to aircraft. This
phenomena, a costly problem for NATO forces during
recent operations, can be mitigated with increased
training but could also be resolved with the acquisition
of modern technologies.

5.1.4 To facilitate operations in the very complex four-
dimensional battlespace as described in Chapter 2 of
this study, every rotorcraft will need to be equipped
with sensors and devices to prevent collisions with
natural as well as man-made objects including others
operating in the congested airspace of the future.
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Future rotorcraft will need to implement the concepts
of agile communications, resiliency and adaptability of
integrated networks, and adopt the utilization of mul-
tiple sensor platforms including man-machine team-
ing to overcome shortfalls in battle management
command and control, leveraging increased contri-
butions from space assets and utilizing cyber-based
capabilities as well as airmen that can operate them.

5.1.5 The future aviators’and Commanders' demands
will dictate that the FBRC concept must be fulfilled by
new platforms which should adopt the latest techno-
logical innovations, have increased performance and
be more operable, maintainable and reliable than
existing designs. The requirement aims to be the foun-
dation for replacing the current fleet with advanced
capability by shaping the development of vertical lift
aircraft for the next 25 to 40 years.

5.1.6 The key drivers for the FBRC should include the
following Key Performance Parameters (KPP):

- high operational flexibility and availability;
- high useful loads and performances;

- high safety and security standards;

- modularity and crew support;

- low Life Cycle Costs (LCC).

5.2 Performance

5.2.1 The FBRC will require increased performance
in cruise speed and maximum range and payload. In-
creasing performance in high temperature and high
altitude operating conditions must also be considered.
Increased speed and range are critical factors for the
full spectrum of military operations. An important
operational advantage of increased flight performance
is the extended time on station at a given range.

5.2.2 Pay Load

5.2.2.1 Most military helicopters are armoured to
some extent. However, all equipment configuration is
weight-limited due to the lifting capability of the rotor-
craft. Limitations of installed equipment result in re-
strictions to the allowable payload. An aspect to keep

in consideration is the total weight of the units, teams
and individual soldiers that need to be transported by
the helicopter. NATO combat patrol units operating in
Afghanistan and Iraq over the past decade carried per-
sonal equipment loads of approximately 58 kg? — more
than 25 kg over the maximum ‘approach march load’
recommended by the US Army Field Manual? This
58 kg load included batteries, ammunition, gear re-
quirement interface, body armour, boots, weapons
and water”, Various studies are underway by the US
military to optimize the ‘approach march load’, which
could increase despite technological advances.

5.2.2.2 Technology will support the soldier’s abilities
in the form of powered exoskeletons which will alleviate
the load-bearing burden and allow them to carry even
more weight. Consequently, the total weight of the
individual soldier to be transported will increase dra-
matically. The NATO Army Armament Group assessed®
that as a guide for future rotorcraft capability develop-
ment, an average weight of 150 kg per soldier should
be taken into consideration®. Also, extra capacity will be
required to supply support equipment, such as larger
portable weapon systems or remotely controlled air
and ground vehicles, to name just a few. All of this
might well add up to a total weight of 200 kg per per-
son to be transported on board. Additionally, it is to be
expected that even larger pieces of equipment or car-
go might need to be transported externally, especially
by the ‘medium’and ‘heavy’ rotorcraft. This will come at
a considerable cost concerning aircraft performance.

5.2.2.3 The light manned transport rotorcraft should
be able to lift at least six fully equipped soldiers
or 1,200 kg of cargo at the full operational range. The
medium manned transport rotorcraft should be able
to lift at least 16 fully equipped soldiers or 3,000 kg of
internal cargo at the full operational range and also be
able to lift 4,500 kg of total cargo, externally, at reduced
operational range. The heavy manned transport rotor-
craft should be able to lift at least 48 fully equipped
soldiers or 9,000 kg of cargo at the full operational
range and lift 12,000 kg of total cargo, externally, at a
reduced operational range. This approach should sup-
port standard modular capabilities to allow the use/
reuse of applicable Mission Equipment Package (MEP).
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Those requirements foresee the need for NATO to look
beyond a single type of technology or a single plat-
form. Regarding FBRC NATO minimum capability re-
quirements for SOF, as reported by the NATO SOF
headquarters, should aim for the transport of 16 troops
fully loaded, up to a total of 2,400 kg of payload with a
minimum of 2 flight hours. Based on future require-
ments it is possible to foresee that a single FBRC in sup-
port of littoral operations will need to be able to carry
three platoons of an average of twelve troops each (36),
fully loaded from a distance of a least 240 miles both
ways at an average speed of 250 knots.

5.2.3 Speed and Range

5.2.3.1 Ever since the appearance of helicopters over
the battlefield in significant numbers following the
end of Second World War, helicopter performance
has been limited by fundamental laws of physics re-
garding the speeds at which they can cruise. Apart
from a few experimental models, the maximum
speed margins have seen no significant improve-
ment for decades. A phenomenon known as dissym-
metry of lift has limited the efforts to increase heli-
copter maximum speeds for many years. Basically,
as a 'helicopter moves through the air, the relative
airflow through the main rotor disk is different on the
advancing side than on the retreating side'” This re-
sults in more lift on the side of the advancing blade
and less lift on the side of the retreating blade. If left
unaddressed, the dissymmetry of lift results in a pitch
attitude of the aircraft that could end in uncontrol-
lable flight. Systems that vary the pitch of individual
blades during the rotation cycle compensate for the
dissymmetry of lift but maximum speed is limited
due to a possibility of lost lift as a retreating blade
attempts to compensate for slower relative wind,
approaching a high angle of attack. If uncorrected,
this would cause a retreating blade to stall thus re-
sulting in loss of lift on the retreating side and a roll in
the same direction. Dissymmetry of lift has been the
real Achilles heel of helicopter design ®

5.2.3.2 In addition, in Afghanistan and to a lesser
extent Irag, bases were very isolated and operations
were often dependent on the availability of MEDEVAC

helicopters and the distances they could cover to de-
liver critically injured service members to appropriate
care within the Golden Hour? The importance of
the MEDEVAC mission in any future operation, has
prompted US Army medical planners to perform a ca-
pability analysis.'”® Their findings are based on zero-risk
planning assumptions as described in Chapter 4 re-
sulting in a speed requirement of 260 Knots. Although
the advantages of higher speeds are obvious with
regard to logistical footprint expansion and fewer re-
quired assets for one specific theatre, it is not the sole
important factor in comparison with other technical or
operational requirements. While a helicopter cruising
speed of 400 knots appears to be achievable, the aim
is to validate the best trade-off between speed, cost,
sustainability and mission performance.

5.2.3.3 A similar line of thought can be followed
for range, especially when considering the potential
future requirements for Littoral, Special Forces and
Personnel Recovery missions. Although technology
would more than likely be able to provide solutions to
cater for a specific requirement, planners and manu-
facturers alike must remain vigilant not to accept
these solutions without considering other and per-
haps more important requirements such as manoeu-
vrability, survivability and sustainability in theatre.
Those three requirements will be fundamental in the
complex confined areas of operations.

5.2.3.4 It is fundamental for any amphibious com-
mand to be able to launch a helicopter assault from
over the horizon because it provides a better ele-
ment of surprise and protection to the assaulting
fleet by reducing the exposure of the amphibious
sea vessels and troops. The amphibious assault has
been a valuable military tool to many countries for
hundreds of years.

5.3 Survivability

5.3.1 Increased survivability is generally considered as
one of the highest priorities to the military operator
especially for those who often fly slow assets low and
close to threats. As threats continue to evolve, it is
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essential that the level of platform survivability at least
keeps pace with those developments. Increasing
survivability has become a very high priority for the
military operator who has faced, in recent years,
rapidly evolving complex threats. In the 2030-2035
timeframe rotorcraft will be required to undertake
missions in complex threat environments which are
likely to be multispectral. For the future rotorcraft, it
will be vitally important to analyse aspects like dura-
bility and damage tolerance, fatigue and fracture me-
chanics, advanced metallic and composite structures,
and structural design criteria. At the same time, em-
phasis should be placed on the development of new
structural design concepts for minimizing occupant
post-crash injuries and fatalities, systems integration
analyses, crash criteria and computational methods
for design validation. In this context the FBRC design
approach should consider the detailed assessment of
the following focal points:

- information sharing to include obstructions, human-
made obstacles and real-time updates to threat data;

- distributed aperture systems for spherical protection;

- multi-sensor real-time fusion for Device Visual Element
(DVE) heads-up flight operations;

- kinetic, passive and active sensors integrations;

- counter rotorcraft mines/Counter Improvised Explo-
sive Devices (IEDs) systems.

5.3.2 In relation to survivability, particular attention
should be focused on aspects such as design, analysis,
and structure technologies that reduce aircraft vulner-
ability. For that reason topics for FBRC should include
threat and structural response modelling, advanced
structural concepts for ballistic tolerance, integrating
ballistic passive/reactive protection into a primary
structure, and design criteria and concepts for opti-
mizing fully ballistic protection.

5.3.3 Noise

5.3.3.1 Helicopter rotors currently rely on passive
designs, such as the blade shape, to optimize their
efficiency with respect to noise effects. In contrast, an
aeroplane’s wing has evolved to include flaps, slats
and some aircraft can even modify the shape of the

aircraft by ‘sweeping’ their wings closer to the body
in flight. FBRC must develop designs able to reduce
noise through all the phases of the flight. Reducing
noise will reduce the advance warning of an ap-
proaching rotorcraft giving the enemy less time to
target it thereby increasing survivability.

5.3.4 Low Observability

5.3.4.1 In addition to being difficult to detect via
sound, the future rotorcraft platform must be as
close to invisible as possible. Power and propulsion
systems should be designed accordingly so that
emissions in the acoustic and infrared (IR) spectrum
are reduced. The airframe’s outer skin should be
coated with an appropriate material to create a very
small Radar Cross Section (RCS). Even though rotor
blades may not provide low RCS, stealth airframe
design may be adopted. Specific attention should
be given to the techniques to alter the aircraft IR
signature providing the capabilities to modify the
entire fuselage’s apparent temperature in the direc-
tion where the IR radiation is emitted resulting in a
camouflage of the FBRC.

5.3.5 Self-Protection System

5.3.5.1 In future, rotorcraft kinetic capability may be
a significant factor in its survivability. Even if a robust
design achieves high speeds, speed alone may not
eliminate all threats. In this context FBRC will need to
integrate the following:

- kinetic, passive and active sensors;

- Counter Unmanned Aerial System (UAS);

- counter helicopter mines/IED systems on
landing operations.

5.3.5.2 For future rotorcraft a fully adaptable, auto-
mated and integrated Electromagnetic Operations
Self Protection System (EOSPS) is required. FBRC pilots
should have a low workload EOSPS against all electro-
magnetic spectrum threats. As a result, EOSPS should
be capable of protecting the rotorcraft laser directed
missiles (laser counter-measures), which means a laser
shift system may be integrated into the airframe. IR
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countermeasures should be integrated as well, and
expendables such as chaff and flares should be em-
ployed in support of electromagnetic survivability.
Besides, EOSPS, the system must integrate the latest
techniques and jamming methods in regards to elec-
tromagnetic spectrum threats. Even more, EOSPS is
required to be adaptable and easily programmable
to respond to every new electromagnetic spectrum
threat. It should also react automatically to electro-
magnetic threat and counter by pre-programmed
jamming techniques. However, EOSPS requires real-
time feedback to identify if the electromagnetic threat
is countered effectively by jamming and if any further
adaptation may be required. It is evident that future
rotorcraft EOSPS must integrate features of electronic
attack, support and protection. However, rotorcraft
may still be required to carry external electromagnetic
operations pods to fulfil any assigned mission.

5.3.5.3 FBRC airframe and hardware may integrate
robust protection against high power jammers and
portable electromagnetic pulse devices. Electromag-
netic weapons are being developed, and they may be
used for many military purposes in the future battle-
field such as for suppressing an enemy Integrated
Air Defence System (IADS). However, EMP explosions
may not be fully controllable, and mission-critical rotor-
craft avionics may be vulnerable and suspended by a
friendly EMP weapon.

5.3.6 Cyber Protection

5.3.6.1 The evolution of cyberwarfare indicates that
modern networked air vehicles may be susceptible to
cyber-attack. Therefore, cyber protection and counter-
measures should be integrated into the FBRC design.
Cyber protection features may be integrated into the
EOSPS, or it might be one of the integral systems of an
air vehicle. Even the design of rotorcraft hardware may
require dedicated designs to counter cyber-attacks.
Anti-virus or anti-malware software may be required to
be integrated into the rotorcraft fire and mission con-
trol computer software. This approach implies the up-
date of the existing common criteria of Target of Evalu-
ation (TOE) that should integrate the cyber-qualified
TOE for the onboard operation systems and firmware.

5.3.7 Unmanned Air Vehicles Self
Protection System (UCAVSPS)

5.3.7.1 The unmanned technology evolution may
represent that future rotorcraft may be vulnerable to
enemy Unmanned Combat Air Vehicle (UCAV) attack
in certain phases of its mission. It is apparent that
UCAV technology may let very low observable UAS
like swarm formations employ weapons against rotor-
craft. Even DEW such as lasers may be employed
against a rotorcraft. Biomimetic technology also in-
volves robotic UAS the size of a medium to large bird,
and they could carry either high Electromagnetic
Pulse (EMP) weapons or conventional munitions,
which could be lethally employed against rotorcraft.
As a consequence, a system of UCAV detection to-
wards protection should be integrated into the future
rotorcraft. It might employ a set of sensors to detect
and target enemy low-observable low-speed UAS for
denying any imminent drone attack.

5.3.8 Sea-Based Operations

5.3.8.1 Strengthened areas on the FBRC fuselage in
support of littoral operations will need to withstand
lashing onto the deck or into the hangar. Landing
gear will have to be built to be highly resistant to the
hard impact connected with a touchdown on a rock-
ing flight deck, and the airframe should be equipped
with an emergency floatation device to increase
buoyancy in case of ditching. Moreover, shipborne
FBRC will need to be equipped with some type of
a rotor brake to mitigate dangerous situations deriv-
ing from rotor blades flapping in gusty winds over
the flight deck. Also, to be able to operate from a
warship, FBRC will require intensive testing during
high electromagnetic conditions to safeguard against
ship interference with ammunition and the trigger-
ing of launchers and cartridge activated devices.
These devices can include engine compartments,
fire extinguishers and emergency cable cutters for
the rescue hoist if installed. Specific requirements
for deck operations encompassing rotary wings, tilt
rotors and compound solutions and their limitations
shall be provided as part of the critical maritime de-
sign compliances.
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5.4 Mission and Flight
Management Systems

5.4.1 To keep up with technology today and in the
future the FBRC must have advance mission and flight
management systems incorporating an open archi-
tecture structure. These systems must make use of
advanced avionics, active control systems and tactical
data links. These concepts working together will in-
crease flexibility, adaptability and connectivity.

5.4.2 The advanced avionics must present, to the
pilots, information in an easy to manage format to in-
crease mission effectiveness and decrease workload.
Active control system must provide for automated
takeoff and landings as well as autopilot control. Tacti-
cal data links must be able to connect to legacy sys-
tems as well as future systems for a seamless exchange
of information enhancing mission effectiveness.

5.5 Maintenance Management

5.5.1 Today, NATO nations are required to invest a lot
of resources on helicopter fleets to keep them aloft

and ready to produce flight hours as required. As a
result, the military is working overtime to find a less
burdensome way forward for what it calls vertical lift
aircraft. Future rotorcraft, as any new aircraft, will
have increased life cycle costs starting from the de-
sign and the development phase and throughout
the operational phase including training for flight
crews and technicians.

5.6 Human Factors

5.6.1 The FBRC should strive to eliminate human fac-
tor issues inherent with current rotorcraft. These new
systems should reduce noise and vibration, provide
for clear communication within as well as outside the
rotorcraft, and provide for reduced pilot workload
reducing fatigue and increase safety.

5.6.2 In Addition FBRC should be equipped with
multifunction displays providing intuitive information
exchange directly with the pilots’helmets. By project-
ing information the pilot will not need to hunt for
data. This coupled with increased automation will de-
crease human factors challenges. Current rotorcraft
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present many issues for the crew, chief among themis
an extremely demanding workload for pilots. Current
systems lack sufficient flight automation, fly-by-wire
systems, proper environmental control systems and
compatibility with night vision goggles. The lack of
these items coupled with the noise and vibration in-
herent with the rotorcraft exacerbate fatigue issues
with the crew.

5.6.3 The physical environment within the rotorcraft
itself, limits communication amongst crew members
as well as with the operational command. The lack of
clear communication ability, to include satellite com-
munications, can lead to misunderstandings and in-
crease the risk of mishaps.
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CHAPTER 6

Ways Forward

6.1 Introduction

6.1.1 The ways forward are multiple but tend to centre
around technological advances whether that be in
materials, concept design, avionics or maintenance
practices. Close partnership with industry and coun-
tries seeking replacement or modernization programs
must increase efforts to harmonize required capabili-
ties. FBRC will need to focus on avionics, link capacity,
full autopilot, and integrated multimode radar for
a map of the earth and low-level flight operations
in clouds or extremely poor visibility conditions. In
addition to digital maps, greater situational aware-
ness, mission planning and management capability
will furnish aircrews with the accuracy that those
operations require.

(=)
o
=
]
c
5
]
—
©

6.1.2 Due to the effectiveness of sea-based rotorcraft
in support of littoral operations as have been exten-
sively demonstrated during contingency operations in
Grenada, Panama, Somalia, Haiti" and lately in the 2011
Libyan crisis?, future benefits could be derived from
economies of scale in rotorcraft platforms. These plat-
forms could be manned or unmanned, able to operate
over land and are also capable of being relocated and
launched from a warship in power projection ashore
within littoral operations. Those future rotorcraft plat-
forms could be of interest to a wider audience. The Ar-
mies, Air Forces and Navies of smaller NATO Allies and
partners could especially mitigate the increased costs
of a single platform using the advantages derived from
common logistics, maintenance and training programs.

6.2 Human Factors

6.2.1 Human beings are a unigue ‘machine’ Evenin a
group of people who have been selected and trained
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under the same standards towards a specific mission
or task, every human of this group will not be identical
with respect to performance and attitude. Properly
analysing and addressing human factors will directly
affect FBRC effectiveness and safety by optimizing
workload. Increased capability and accident preven-
tion are inevitable if human factors are taken into
account seriously when designing FBRC. At the same
time, the aim will be to reduce and prevent accidents
and increase human performance.

6.2.2 With better consideration of human factors, the
workload will be optimized and more capability will
be available for the mission with the objective of in-
creasing flight safety. Pilots for their part will become
more tightly coupled to their new rotorcraft via a
growing number of man-machine interfaces, known
in human factors circles as ‘modalities’ Included are
interactions with increasingly complex automated
systems, larger displays complete with touchscreen
capability, voice-recognition systems and visual sys-
tems that will soon be capable of ‘seeing’ the real
world through practically any weather. The next fron-
tier is the connectivity of everything. The connected

© 2018 BAE Sy:

aircraft will also require better man-machine relations
to help pilots make optimal and safe decisions. The
key to reducing the workload will be engineering sim-
pler interfaces, an improvement that could also be
helpful in upgrading legacy cockpits.

6.2.3 Monitoring real-time stress and fatigue to which
the flight crew is subjected during flight could be
another step forward for FBRC. The current modern or
updated rotorcraft design, characterized by the pres-
ence of Multi-Function Display (MFD), requires a con-
siderable effort of interpretation by the crews even
if they conform to requirements by NATO standards
(MIL-STD-2525). In the field of FBRC and, more gener-
ally, human-machine interface, there is ample room
for improvement. This is the driving factor for compa-
nies to invest in the realization of a prototype that
measures and reduces pilot stress at the controls.
A prototype defined as the Infrared Stress Monitoring
System (ISMS)® can evaluate the cognitive load and
the stress level of the crew members during flight
through objective psychophysiological indices. To
collect this information, infrared technologies were
interfaced with the human body. Similar components
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that also use voice analysis and a ‘digital shirt’ for the
collection of biometric data could be the backbone of
human factors analysis for the FBRC.

6.3 Technological Advancements
6.3.1 Materials and Design

6.3.1.1 As rotorcraft designs and mission require-
ments change, cargo load thresholds related to the
currently used'light, medium and heavy classification’
as well as the current NATO agreed capability codes
would need revision. Within the context of the devel-
opment of an entirely new capability, this is to be
expected. Modern helicopters, in general, are being
classified as smart, safe and more efficient or reliable
with respect to those in the past. Rotorcraft categories
based on aircraft weight, operational footprint, and
cargo capacity are no longer to be considered as the
primary driving factor. Instead, the FBRC should be
categorized based on analysis of things like surviv-
ability in particular environments or acoustic signature.

6.3.1.2 One of the most important factors for the
design of the FBRC is to develop an improved turbine
engine or to generate an airframe that can compen-
sate for the extra weight, so that mission performance
is not degraded. Some increased performance may be
possible by improved rotor design, but the major pay-
off will come from reducing the basic empty weight
by employing advanced structural methods and com-
posite material or modular equipment solutions that
can help tailor the payload to the mission. Rotorcraft
will benefit from material and structural technologies
being developed for the fixed-wing industry, but a
large part of rotorcraft weight and the cost is due to
components particular to rotorcraft, such as rotors and
transmissions®. Applied research specifically for rotor-
craft components will be required to achieve an empty
weight reduction that could be estimated in approxi-
mately 25-30 percent from current levels.

6.3.1.3 For future rotorcraft single rotor design might
be obsolete in the future battlefield, and a variety of
technologies might be mixed by the manufacturers

to produce the most appropriate platform configura-
tion. Likely future designs may integrate coaxial rotors,
compounded with pusher props, fans, propellers or
advanced tilt-rotor, whichever will deliver optimal
configuration for future missions. FBRC with an addi-
tional propulsion device or distributed propulsion
could be the solution to increase speed, range and
payload. The maximum power produced could be
allocated across multiple rotors, each providing a
portion of the rotorcraft lift. This could contribute to
excellent, or at least better, hot and high performance
allowing, at the same time, high payload reducing
the number of flight hours needed to accomplish a
task. Improvements in performance can be achieved
through advances in all propulsion-related technolo-
gies and new compound configurations.

6.3.1.4 Improved rotor design will increase perfor-
mance, in hot and high altitude environments, as well
as the agility of the FBRC. This may also carry the added
benefits of reduced fuel consumption, vibration levels
and noise. Tilt-rotor, compound rotorcraft and variable
speed rotor systems could be solutions to achieve
these performance increases. In addition, reducing
download of the rotor wash on the wing and fuselage
has a major impact on the speed and vertical take-off
payload of rotorcraft. This is particularly true for tilt-
rotor, for which download is estimated to range from
near zero in ground effect to as much as 12 percent of
take-off gross weight out of ground effect.

6.3.1.5 For the long-term, strategic plans should con-
sider the development of advanced pressurized tilt-
rotors for specialized heavy lift with the objective of
generating operational flexibility. In addition, tilt-rotor
technology could also be one of the solutions to fulfil
light and medium lift capabilities for MEDEVAC, SOF
and JPR missions. The pressurized cabin will allow them
to overcome the traditional rotorcraft inability to fly
over high mountains or above poor weather condi-
tions while decreasing the traditionally very loud ex-
ternal noise signature of previous rotorcraft platforms.

6.3.1.6 Use of electric assistance for engines equip-
ping the FBRC could be one of the possible solutions
toincrease performance. In the near future, it could be
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possible to pause one of the two engines in cruising
phase, generating fuel savings of around 15 percent. It
is also possible to envisage an auxiliary electric motor
that would provide additional power during accelera-
tion and in emergency conditions. With those systems,
margins of safety will be increased with less weight (en-
gine size and power are optimized to a bare minimum)
and fuel consumption. The first turbines equipped with
this technology could be on the market by 2025.

6.3.1.7 Researchers from NASA and others organiza-
tions discovered how the rotor blades could change
their shape like fixed-wing aircraft to incorporate the
same characteristics and capabilities in a helicopter
blade of the future. NASA and the Defence Advanced
Research Projects Agency, also known as DARPA, the US
Army, and the Boeing Company have spent the past
decade experimenting with smart material actuated
rotor, technology, or SMART, which includes piezo-
electric materials. SMART rotor technology holds the
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promise of substantially improving the performance
of the rotor and allowing it to fly much farther using
the same amount of fuel, while also enabling much
quieter operations.

6.3.1.8 The ultimate test of SMART rotor noise and
vibration reduction capability would be flight tests on
a real rotorcraft, where the effects of noise effects of
noise in various atmospheric conditions and above or
near different types of terrain could be evaluated as
well. Leonardo Helicopters has started an advanced
program on vibration and noise reductions with the
use of active rotor systems to contribute to the exter-
nal noise reduction. These early steps have shown
that those kinds of power transmission and designs
have significant noise and vibration abatement in the
area ahead of the flight path in forward flight, al-
though the noise production for landing and take-off
and speeds up to 130 knots remains the same as
standard rotorcraft.
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6.3.1.9 The recent activities performed under the
CLEAN SKY Green Rotorcraft programme should be
considered for external noise reduction and to guide
the design of future rotorcraft solutions. To overcome
this obstacle, prototypes are in development which
increase thrust by replacing the traditional tail rotor
with a ‘pushing’ propeller. Versatile platforms will be
required to conduct a variety of missions such as
assault, protection and security, attack, maritime inter-
diction, medical evacuation, humanitarian assistance
and disaster relief, tactical resupply, direct action for
SOF, noncombat evacuation operations, search and
rescue and personnel recovery.

6.3.2 Active Control Systems

6.3.2.1 The majority of the current military helicop-
ters in service do not integrate Fly by Wire (FBW)
flight or Fly by Light (FBL) control systems, an innova-
tion which has only been adopted in certain military
rotorcrafts, as well as in most of the commercial avia-
tion platforms for decades. This is one of the areas of
improvement for future rotorcraft. Active flight con-
trol systems replace mechanical systems with soft-
ware controlled systems that feed flight control infor-
mation from the inceptor to actuators via a FBW or
FBL control system. The apparent benefits includes
items such as flight envelope protection from human
errors, higher maintenance fault tolerance by the
built-in system redundancy, lower weight, and higher
system reliability. Additionally these systems will con-
tribute to airframe structural integrity by smoother
application of flight controls reducing stresses and
increasing safety.

6.3.2.2 FBW/FBL solutions when integrated into the
FBRC, are expected to increase platform agility and
reduce pilot workload. At the same time, technology
development in the field of smart actuators are going
to simplify air system architectures, reduce weight
and increase reliability and safety. Different studies
have shown that a significant reduction in vibration is
obtained when using active control to reduce air-
frame structural stress and failures induced by main
and tail rotors. Those applications will bring multiple
benefits like reduction in weight by eliminating heavy

passive vibration absorbers and improved perfor-
mance due to an expansion of the flight envelope,
and a reduction of maintenance costs due to less
fatigue with better comfort in the fuselage. Embed-
ding a real-time crew stress monitoring systems such
as the ISMS, the onboard Flight Control System (FCS)
could reduce pilot’s efforts in a critical situation and
provide more simplified flight modes to increase the
safety of flight in a specific mission.

6.3.3 Advanced Avionic

6.3.3.1 The FBRC will require new standards, tools and
techniques to realize new avionic architectures as well
as provide for constant upgrade and maintenance of
the aircraft over its service lifecycle. The integration
of modern and more technological software on FBRC
will increase performance but system complexity will
also increase, and the safety certification process may
also be challenged. In fact, airworthiness, safety, and
even cybersecurity certification procedures may not
be completely accomplished, if current methods and
approaches are applied. Reduction of cost and mitiga-
tion of component obsolescence through a building
block approach for the avionics and mission systems
will increase mission capability, operational flexibility,
safety and security. Specific elements for bases of cer-
tification derived from Civil European Aviation Safety
Agency (EASA) and Federal Aviation Administration
(FAA) and Military Airworthiness Authorities (MAWA)
should be identified as part of the basic type design.

6.3.3.2 The performance of FBRC may be driven by the
complexity of the hardware and software interfaces.
Based upon current trends, software is projected to ac-
count heavily on the total development cost. The abil-
ity to rapidly integrate new functionality into the archi-
tecture will provide a tactical advantage through the
incorporation of new technology, power manage-
ment, operational flexibility and implementation of
engineering solutions to meet the emerging mission
needs. The new generation of platforms will require
new standards, tools and techniques to exploit the po-
tential of these architectures and to allow rapid modi-
fication in light of an evolving operational landscape
and be able to dialogue with fifth-generation aircraft.
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6.3.4 Tactical Data Link (TDL)

6.3.4.1 Networked aircraft can easily share data and
situational awareness within a robust and high-speed
data system such as Link 16 or similar systems devel-
oped in the future. This interconnectivity is one of the
greatest survivability pieces we could possibly have
on a rotorcraft. There is probably no better way to re-
duce the threat in the modern battlefield than to in-
crease threat awareness by having everyone linked as
a node in a network sharing information in real-time.
That kind of digital interoperability would probably be
NATO's greatest advantage over potential opponents.
Some potential competitors make good tactical hard-
ware for jets and rotary wing aircraft but they will
probably not be able to network them and share
information real-time on the battlefield. Having the
potential to do so will be the winning point for NATO.

6.3.4.2TDL provides necessary communications chan-
nels between forces to support interoperability. The
adoption of rigorous, proven standards ensures that
tactical information is imparted securely and reliably
to all force elements and is, therefore, a critical enabler
to Battlespace Management (BM) and Shared Situa-
tional Awareness (SSA) in operations. The most com-
mon TDL for National, NATO and Coalition forces is the
Multifunctional Information Distribution System (MIDS)
Link 16, which has been at the forefront of recent
NATO and coalition operations including Bosnia, Iraq,
Libya and Afghanistan. The requirements of modern
Command and Control, Situational Awareness, Real-
Time Into and Out of Cockpit, and Network-Centric
Warfare systems all demand the secure transmission
of tactical data in as near real-time as possible. Espe-
cially in Joint or Combined Operations, the contin-
uous and automatic update of secure voice and data
between networks is fundamental to efficient deploy-
ment and mission success regarding standards and
interface with fifth-generation aeroplanes. Platforms
equipped with sensors could also serve as a remotely
operated control centre for operations and as air de-
fence platforms for a deployed convoy of ships. FBRC
TDL through satellite communications is considered
a fundamental requirement to operate in a future
operational scenario. In this context, future data link,

such as the Multifunction Advanced Data Link (MADL)
already in use for the F-35 and installed in the FBRC
in conjunction with SATCOM Wide Band Data Link
(WBDL), will be able to provide Command and Con-
trol and sensor data transfer in mission-critical appli-
cations by providing radar, acoustic, video and net-
work interfaces. Future systems similar to the actual
ROVER/VORTEX technology should be considered
standard equipment for the FBRC especially if in sup-
port of Land, SOF and Maritime operations.

6.3.5 Manned/Unmanned Platforms

6.3.5.1 One of the future concepts is to develop
unmanned vertical lift platforms for cargo delivery
and manned ones for more sensitive or technically
complex missions such as long-range troop transport
that is considered the most important mission in sup-
port of amphibious operations.® Industry has shown
the most interest in developing new rotorcraft that
could be flown as either manned or unmanned plat-
forms. This interchangeable possibility could be based
on the mission or on the possible threat. This concept
is based on the Leonardo Helicopter Division Rotary
Unmanned Air Vehicle (RUAV) which is a light single-
engine rotorcraft designed for both Optionally Piloted
Helicopter (OPH) and unmanned operations. The RUAV
is capable of performing a number of roles, including
intelligence, surveillance and reconnaissance and
cargo re-supply, in both Land and Naval variants. The
FBRC should be able to integrate with UAS solutions
ranging from remotely piloted such as the Black
Hornet Personal Reconnaissance System to the Air-
borne Ground Surveillance (AGS) by integrating NATO
STANAG 4586/AEP 84 interoperable solutions with
LOI-5 (Level of Interoperability) architectures, support-
ing Manned-Unmanned Teaming (MUM-T) capabilities.

6.3.5.2 Other programs authorized by industry and
the military include OCEAN2020, which is considered
one of the leading programs in support of maritime
and littoral operations, and it is the first example
of a cross-European military research program. The
OCEAN2020 team comprises 42 partners from 15
countries, including Israel Aerospace Industries (IAl),
and is on the leading edge of integrating unmanned
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platforms that will be integrated with naval Com-
mand and Control centres allowing data exchange via
satellite during surveillance and interdiction missions
in support of maritime and littoral operations. In fu-
ture littoral and maritime operations there could be
an emergence of swarm technology. The United
States Navy has conducted technology demonstra-
tions recently of swarming drones as part of the Low-
Cost UAV Swarming Technology (LOCUST) program.
The LOCUST program includes a tube-based launcher
that can send UAS into the air in rapid succession. The
unmanned vehicles then share information among
themselves on a wireless network to coordinate their
behaviour in defensive or offensive missions.

6.3.5.3 In a futuristic vision, they will be networked
with fixed-wing and FBRC platforms. In this context
Manned-Unmanned Teaming (MUM-T) operations
are developing that could combine the strengths
of each platform to increase situational awareness,
allowing the armed forces to conduct operations that
include combat support and Intelligence, Surveil-
lance, and Reconnaissance missions. Through the use
of sophisticated data links, manned aircraft can take
advantage of UAS ISR payloads to enhance decision-
making and mission effectiveness. This technology
could be a force multiplier by enabling pilots in rotary
and fixed-wing aircraft the ability to integrate with
Unmanned Aircraft Systems (UAS) on the battlefield.

6.3.5.4 Operating in a littoral environment is more
demanding and complicated than the land environ-
ment due to the environment where those opera-
tions take place. Unmanned take-off and landing
from a ship is now one of the greatest challenges for

NATO navies® It is a fact that future rotorcraft will cer-
tainly operate unmanned and future operations will
provide human beings to be transported unmanned
back and forth from a ship as well as on land. How-
ever, it will take some time before the military will trust
unmanned vehicles to transport human beings and
for the foreseeable future there will be a mix of
manned and unmanned platforms.

6.3.5.5 Militaries are looking into the hypothetical
Amazon-style’ delivery Unmanned Aerial System
(UAS) to resupply troops in the FLOT (Forward Line of
Own Troops).

6.3.5.6 The vision is for more of available workforce to
be employed as warfighters rather than in combat
support or combat service support roles. This isn't
to say that machines should take over soldiering but
essentially: humans should do what humans do best,
and allow machines to do what they do best. There
are many valid reasons why autonomous resupply, via
ground, air or sea vehicles, is worth the investment for
employment in the modern battlespace. Whether it
is to improve the efficient use of manpower and
resources, minimize the logistic footprint or reduce
vulnerability to enemy attack, resupply by autono-
mous distribution is likely to be a contributing factor
to the war-fighter winning in the future battlespace.

6.4 Maintenance and Sustainability
6.4.1 The future will be more focused on replacing

rather than repairing, and this aspect could be the
driving factor for increasing costs even if any effort
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is going to be made in reducing unit maintenance.
The zero maintenance program desired by all organi-
zations dealing with aviation and for rotorcraft,
where most of the components are rotating ones, is
a virtual dream.

6.4.2 The improvements in the durability of trans-
mission parts will hopefully reduce the logistical
support demands. New monitoring methods and
diagnostic tools interconnected with ground stations
will allow a smooth transition to zero maintenance.
Future technological capabilities able to execute a
full analysis to detect fatigue and damage precursors
could be the right way to reduce maintenance and
proceed on condition checks based on scheduled
time and flight hours. Systems like the Health Usage
Monitoring Systems (HUMS) will be the focal point
for FBRC. It will enable management of the fleet
using interconnected ground stations designed to
collect data and resolve technical issues which may
potentially drive down operational costs. The HUMS
incorporate the most advanced technology in data
analysis by using diagnostic models like Advanced
Anomaly Detection (AAD) and Advanced Vibration
Data Mining (AVDM) to improve diagnostic capability
and reduce analyst workload.

6.5 Military/Civilian Rotorcraft

6.5.1 Military rotorcraft have always been instrumen-
tal to successful support of civilian missions like hu-
manitarian assistance, disaster relief operations and
law enforcement and there is no reason to believe
that this will change in the next 20 years.? Considering
these roles, very small and often very technical or spe-
cialized capabilities, such as medical or engineering
units, will be deployed and supported in a great range
by logistics teams.

6.5.2 Future concept of operations for the role of
‘dual-use helicopters” should take into consideration
how scientific/technological knowledge and inno-
vation are breaking down the traditional barriers
between the civilian, military and security sectors.
The actors in both the supply and demand sides of

the defence market have soughtin past years to adapt
themselves to the new reality brought about by the
changes in the processes by which scientific/techno-
logical knowledge is generated. The changes that
have taken place through technological innovation
have made the civil, security and defence sectors
more interconnected, especially from an industrial
point of view.

6.5.3 In the case of rotorcraft, it is intended that par-
ticular aircraft that are already in the design phase
should meet certain standards and be structured for
use by civilian, military or public security personnel
with few modifications or additions. The role of dual-
use helicopters in the security and defence field
study was jointly commissioned by the parliaments
of Italy, France and the United Kingdom to analyse
the possible future use of dual-use helicopters in
military operations'®. Those Nations reviewed posi-
tive and negative aspects and they considered every
related constraint. Also, the study depicted that
national budget restrictions and constraints in de-
fence spending of these countries contributed to
more efficient solutions for the required renewal of
the fleet. This is often associated with a quantitative
reductions in the numbers of rotary assets being
procured and thus a reduction in overall capacity
and the medium-long term capability programme
of machine fleet management.

6.5.4 Dual-use helicopters are not simply civilian
helicopters used for military missions, they are plat-
forms that comply with certain airworthiness stand-
ards, which are applied in the early phases of design
and their airframe structure is designed and ready to
adapt and integrate any civilian, military or security/
law enforcement requirement without significant
modifications. To certify the dual-use rotorcraft air-
worthiness for specialized missions is crucial not
only for the Armed Forces missions but for any other
mission requirement as well. In fact, the existence of
a cooperation between engineers during the design
and test phases to incorporate both military and
civilian requirements could provide sufficient engi-
neering solutions and overcome barriers during rotor-
craft development.
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6.5.5 In the absence of any external threat, the safety
of the machine itself in its routine activities, operating
by civilian standards is increasingly comparable to
those of the military. Within the European Community,
work is being done to secure agreement on the
definition of hybrid certifications. The term ‘safety’
implies active or passive protection from intentional
threats, i.e. enemy fire, from land or the air. Thus, it
is necessary to distinguish between the use of the
helicopter in permissive, semi-permissive and non-
permissive environments.

6.5.6 For logistical and tactical helicopter transport
missions, which do not expose the rotorcraft and
their crews to the enemy weapons range, the use of
dual helicopters is more effective and efficient, be-
cause the dual-use or commercial rotorcraft can have
lighter airframes, allowing for increased payload,
speed and/or range. Indeed, the absence of combat
conditions contributes to fewer requirements, such

as those relating to armament systems, which require
a greater optimization and adjustment of the dual-use
platform, for military purposes. Once certain require-
ments, such as load capacity and resistance to atmos-
pheric and environmental conditions (such as tem-
perature, altitude, the presence of dust and salt water),
are factored into the design, a level of effectiveness
satisfactory for dedicated military machines can be
achieved by dual-use rotorcraft.

1. Joint Shipboard Helicopter Operations. G. C. Lambert and M. M. Huber. JFQ, winter 2000—01.
2. Precision and purpose, Airpower in the Libyan Civil War. Karl P Mueller. RAND Corporation, 2015.
3. Rivista Italiana Difesa, http://www.rivistaitalianadifesa.it/
4. Perspective on Future Aeronautical and Space Systems edited by NASA Langley Research Center.
5. War on the Rocks. Future Platforms: Unmanned Naval Operations.
6. Naval Service Roles and Missions in Littoral Warfare. Ralph G. Stokes and Richard Thompson.
7. Amazon style drone deliveries, https://www.digitaltrends.com/cool-tech/drone-deliveries-
step-closer-in-uk/
8. UK Ministry of Defence (2015) Strategic Trends Programme, Future Operating Environment
2035, First Edition. London, UK: Ministry of Defence.
9. JAPCC Journal Ed. 21, https.//www.japcc.org/wp-content/uploads/JAPCC_J21_web_72dpi.pdf
10. The Role of Dual-Use Helicopters in the Security and Defence Field, http://www.iai.it/sites/
default/files/iairp_20.pdf
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CHAPTER 7

Conclusion and
Recommendations

7.1 The Joint Air Power Competence Centre is thor-
oughly committed to fostering the development of
an overarching future rotorcraft concept and pursu-
ing translation from strategic analysis and technolo-
gical developments into operational concepts and
capability requirements for 2035 and beyond.

7.2 The prominence and reputation of rotorcraft for
future operations within NATO has already been iden-
tified. In future operations an unacceptable shortage
of rotorcraft capacity must be avoided. The FBRC could
be manned, remotely controlled, or autonomous. Ad-
ditionally, the FBRC could be robust and durable, avail-
able in relatively few numbers, or available in large

numbers as disposable’ assets. Therefore, anticipating
the threat environment in combination with the rapid
evolution of technology, NATO must formulate a con-
cept for the future employment of rotorcraft capaci-
ties. This research acknowledges thatin the 2030-2035
timeframe many of NATO's helicopters will be due
for replacement and, in fact, retirement dates for in-
service rotorcraft have already been disclosed by sev-
eral NATO nations. Due to financial restrictions, some
Nations will be forced to invest resources in extending
the phase-out plan of the rotorcraft in service rather
than investing in future programs.

7.3 An analysis of the FOE based on the political, eco-
nomic, physical and technological environment was
conducted to emphasize the implications that this
aspect could bring to shaping the FBRC. To design a
reliable FBRC, the entire spectrum of warfare needs to
be taken into consideration. It is the assessment of
this study that a fully autonomous defensive suite
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should be part of the FBRC to guarantee full self-
protection with a redundancy mode. Assessed future
threats and varied environmental and climate condi-
tions will be the driving factors in shaping the FBRC.
In this context 'Hot & High' will always be an evolving
requirement. Considering the most likely operating
areas of the future, the FBRC will need to capable
of delivering heavy loads in hot conditions. The capa-
bility to operate at high-pressure altitudes will most
likely be a double requirement both for the flying
route and the terminal area of operation. Automated
take-off, approach and landing capabilities will need
to be implemented.

7.4 NATO is challenged with predicting the future,
as such it must anticipate operational requirements
incorporating flexibility into its solutions. In this per-
spective, technological solutions will be the dogma of
FBRC. There is a growing need to use platforms and
systems for more than one purpose and in more than

one environment. FBRC will need to be modular,
adaptable and able to accomplish different missions
in different situations. Cyber threats and attacks are
everyday operations and the Alliance is adjusting to
this evolving complex threat environment and those
needs will influence the FBRC. At the same time, FBRC
will need to implement the concept of using rapid
and secure communications and integrated networks
with multiple sensor platforms.

7.5 FBRC core missions will still consist of the Combat
Support and the Combat Service Support mission
sets. The CSS will be more dependent on an un-
manned flight while there will always be a debate
about how and what is to be conducted in un-
manned CS missions. Logistics resupply missions will
still be in high demand within the battlespace. Auto-
nomous logistic UAS can be seen as the future deliv-
ery method to the front line troops and there are
overwhelming reasons why autonomous air resupply
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is worth employing in the modern battlespace.
As they are today, MEDEVAC missions will be a fun-
damental requirement for an expeditionary military
force, and applications of unmanned aerial systems
in assisting combat troops on the battlefield is
the future reality. Future MEDEVAC missions are
going to be conducted with highly-trained medical
aircrews carried to the wounded area with an un-
manned rotorcraft.

7.6 The armed forces' organizational structure of the
future will be different from today. Urban warfare is
the next battlefield frontier, and all the services will
have to reconsider their current command structure.
In the coming years, large conventional armed forces
will have transformed to small, highly mobile and
agile units, in which SOF operations will be conducted
to a greater extent. Unmanned rotorcraft will join
future operations in a more fruitful contribution and
platforms equipped with sensors will be managed by
a remote control centre. In this context, unmanned
FBRC aerial systems will be used for assisting combat
troops on the battlefield.

7.7 User requirements of the FBRC in Land, SOF and
Littoral operations discussed herein emphasize that
each service, Command, battalion, SOF Team and
platoons will have different requirements based on
the future environment in which they will be asked to
operate. As such, the mission sets may be different
based on whether they operate as a single service
force or in a joint or combined operation. Each ser-
vice will have different requirements and the phrase
‘one solution fits all’ would be very unrealistic for the
FBRC. In this regard, the statement recently affirmed
by the director of the FVL program that ‘a single air-
craft design can't replace the Army’s entire helicopter
fleet'! is considered appropriate. In fact, it could ap-
pear evident that based on the current technology
demonstrators of the US FVL program and similar
concepts elaborated from European industry, may
lead the discussion to the direction of two possible
concepts. The first concept oriented to support one
modular platform for medium-range transport, at-
tack and scout roles based on agility and speed. The

second concept based on tiltrotor technology for
Utility, JPR, SOF and MEDEVAC missions based on
possible extended range, high-speed and pressur-
ized flight capabilities. Future armies will require FBRC
with more manoeuvrability and increased range and
speed to reduce the need for forward refuelling
points. An increase of payload, in some cases, could
also be necessary.

7.8 It is believed that future SOF Air operations in-
volved in team transport will be supported by manned
air operations in most cases and unmanned vertical
lift platforms will be entering the operations for cargo
resupply and surveillance. Platforms equipped with
sensors could operate as a remotely operated control
centre for all operations and even more for platforms
of air defence. Future littoral operations will be sup-
ported by manned air operations in most cases.

7.9 Knowledge and innovation are breaking down the
traditional barriers between the civilian, military and
security sectors. In a military perspective, there are
positive and negative aspects to consider as industry
and military work in concert to develop the FBRC if
industry will start to design future rotorcraft, taking
into consideration military, civilian or law enforce-
ment requirements at the same time to develop fu-
ture platforms. For sure one of the aspects will be that
those kinds of platforms could benefit from more
safety, effectiveness and efficiency when employed
by Armed forces.

7.10 The financial resources necessary for the devel-
opment of the FBRC are going to be significant since
it will be necessary to develop new platforms and not
just upgrade the older ones. Some of the major re-
quirements and developments have been highlighted
in this study offering food for thought for NATO orga-
nizations and Allied Nations. NATO should provide a
requirements-based foundation and ideas to be able
to design FBRC with an advanced capability, which
can be adapted to conduct operations for the next 25
to 40 years.

1. One Size Won't Fit All for Army’s Future Helicopter Fleet, Military.com
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