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Abstract

This paper is focused on a higher-level report of a new generation of Un-
manned Aerial Vehicle (UAV) technologies. Starting from the structural
scalability of civil tiltrotors, design strategy and requirements for UAVs, and
advanced composite materials, the increased speed and productivity require-
ments for tiltrotors have spawned several investigations associated with pro-
protor aero elastic stability augmentation and aerodynamic performance en-
hancements. The research emphasized the Large Civil Tilt Rotor as the con-
figuration with the best potential to meet the technology goals, and the de-
sign, including the challenges of the Large Civil Tilt Rotor (LCTR). The de-
sign presented was economically competitive, with the potential for substan-
tial impact on the air transportation system. The research includes some
manufacturers of helicopters, drones and tiltrotors carrying out design stud-
ies and production of prototypes, as well as research projects aimed at de-
signing, manufacturing, qualifying, and flight-testing the new wing of the
Next-Generation Civil Tiltrotor Technology Demonstrator. Promises of Ver-
tical Take-off and Landing (VTOL) aircraft, UAVs, Digitalization of Urban
Air Mobility (UAM), and the “U-space” concept are discussed in the paper.
The eight SUMP principles and possibilities of future advancements are em-
phasized.
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1. Introduction

The investigation identified the LCTR as the configuration with the best poten-
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tial to meet the technology goals. The design presented was economically com-
petitive, with the potential for substantial impact on the air transportation sys-
tem. The keys to achieving a competitive aircraft were low drag airframe and low
disk loading rotors; structural weight reduction, for both airframe and rotors;
drive system weight reduction; improved engine efficiency; low maintenance de-
sign; and manufacturing cost comparable to fixed-wing aircraft. Electric VTOL
aircraft are expected to open a novel and stimulating market for UAM. As oper-
ations grow and mature, UAM is anticipated to become a commonplace form of
transportation in some areas. Many airspaces and Air Traffic Management
(ATM) challenges need to be handled to facilitate the implementation and ex-
tension of UAM in a globally uniform manner. Urban aviation operations will
become more complex, with a higher density and tempo due to more flights and
faster turnaround times. The ATM problems related to battery-powered, piloted,
and passenger-carrying operations will need to be resolved. Furthermore, to
adapt to this new environment, ground infrastructure will change as well. Sever-
al vertiports run by various organizations will serve several fleet operators. The
investigation’s most promising idea was LCTR. The optimization and analysis of
the LCTR are covered in this study, including the rotor. Its wing design high-
lights the tiltrotor’s most distinctive feature, its wing, while showing perfor-
mance, stability, and load data. In terms of speed and range, tiltrotor aircraft are
superior to traditional helicopters. While a tiltrotor can travel nearly twice as far
as a helicopter, it can also convert from helicopter mode to aircraft mode for
high-speed flight, which is less constrictive regarding unfavorable aerodynamic
effects [1]. A helicopter is limited at high speeds by compressibility effects on the
advancing side of the rotor and can stall on the retreating side. The vertical mo-
bility aspect above cities and regions: current trends, prospects, and difficulties.

Technical sketch of a tiltrotor is depicted in Figure 1.
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Figure 1. Technical drawing and detailed sketch of tiltrotor (Research Gate, Effects of Rotor Design Variations on Tiltrotor
Whirl-mode stability) [2].
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2. Requirements and Design Strategy

Unbelievably, urban reality and urban mobility planning is more closely related
to UAM, or more simply, the air traffic in and around the urban and larger
metropolitan airspace for services such as the transportation of passengers and
freight. As this document will explain, UAM is not just another mode of trans-
portation and instead necessitates a comprehensive planning strategy that in-
cludes not only the integration of UAM into the transportation system but also
the urban infrastructure and general livability of the city, as well as its support
infrastructure on the ground. Though some readers may find this futuristic and
unrealistic, more positive and sustainable alternatives may be closer than they
think. For instance, drones, also known as unmanned aerial vehicles or UAVs,
or Unmanned Aerial Systems (UAS), are already being used extensively for sen-
sor-based data collection, such as for traffic and incident monitoring, the upkeep
of industrial installations and structures like bridges and runways, building in-
formation modeling (BIM), emergencies, and medical cases. The target goal of
UAM is to transport people directly, or on non-stop flight segments, from their
origin to their destination using VTOL or Short Take-Off and Landing (STOL)
aircraft. Conversely, VTOL aircraft present an equally attractive image when it
comes to transporting packages and cargo during non-stop flight segments be-
tween their origin and destination. A point-to-point service network requires a
lot more aircraft than a hub-and-spoke network, thus if both visions are fully
fulfilled, there will undoubtedly be a lot of aircraft flying along roads and be-
tween buildings in an urban area. Furthermore, rotorcrafts are maneuvering
easier as well as landing and hovering vertically in addition to flying laterally,

backwards, and forward [3].

3. Civil Tiltrotors

Creating a new, intricate product involves a lot of work and costly experiments.
A civil tiltrotor wing design project is an excellent example, where the develop-
ment cost accounts for a sizable portion of the cost of the finished product [4].
From a general point of view, the tiltrotor configuration is considered a step be-
yond the state of the art in terms of performance, design, architecture, and
product supportability. This was recently confirmed by the US Government Ac-
countability Office, which identified a tiltrotor vehicle as a vehicle for the future
long-range assault aircraft (FLRAA). The methodology developed in this paper
allows a quick scale-up and preliminary validation of the tiltrotor wing structure
starting from the Technology Demonstrator (TD) data. The tiltrotor wing is one
of the most critical airframe subsystems of the entire aircraft due to several re-
quirements, often contrasting each other, to be fulfilled [5]. The specific concern
of tiltrotors is the airframe mode placement. Those modes involve significant
movement of the hub center in the rotor disc aircraft directions (usually caused
by local deformation of the rotor and nacelle supporting structure). They shall

have their frequency outside of prescribed bands to avoid forced response oscil-
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lations. In addition, the lowest elastic airframe mode shall have a frequency not

lower than a prescribed value to avoid coupling with aero mechanical modes.

Finally, the wing box architecture shall be capable of hosting fuel bladders, hydrau-

lic systems, electrical systems, flight sensor routing, and interconnecting drive shafts

by respecting redundancy and segregation requirements. The Next-Generation

Tiltrotor (NGCTR-TD) is a demonstrator designed by Leonardo Helicopters to

test various technologies [6]. The following are some of the main advancements

associated with these technologies:

* Creation of a novel, high lift, low drag wing that is optimized to enhance
downwash impingement in helicopter mode (Hovering). The two new faces
that increase downwash impingement are an outboard flaperon and a large
morphing surface that rotates downward in helicopter mode to reduce the
wing area beneath the rotors.

* Constructing a compact structural wing box because the moveable surfaces
take up over half of the wing chord length.

* Creating a composite wing structure with excellent integration [7].

4. Structural Designing Results

UAVs new technology introduced to society that deviates from the norm also
changes the way we do business, software and analytical capabilities enhances
and increases the use of rotor aircraft hardware. Hence, tiltrotor is more of an
efficient design for smaller rotorcrafts. As a result, wider-body and specifically
commercial aircrafts are used to fly long-haul and ranged distances. To increase
the aero elastic stability of a tiltrotor aircraft, a structural optimization frame-
work was created using a two-level optimization technique. Increasing the flutter
speed through structural modification of the wing was the aim of the upper-level
optimization. The European Aviation Safety Agency (EASA) huge aircrafts
(CS-25) and large. rotorcrafts (CS-29) offer the requirements for the NGCTR-TD’s
airworthiness specifications because of the vehicle’s special qualities. Custom
standards are also necessary because not all requirements for helicopters and
aircraft encompass all possible scenarios and characterize a tiltrotor [8]. Propels
in material improvements have usually been considered for significant ad-
vancements in execution in many advanced composite constructions and con-
tinue to be crucial in determining the consistent quality, execution, and afforda-
bility of these systems. Fiber-reinforced composite materials that are lightweight,
strong, and stiff are gaining ground as component materials to improve the effi-
ciency and maintenance of various transportation forms, including those used in
the aviation sector. Because of their advanced internal engineering, they offer
enormous potential for joining multifunctionality in expansion. One limiting
factor in their more widespread misuse is typically poor execution below impact
stacking, a fundamental aspect of any vehicle design that results in notable de-
clines in quality, stability, and solidity. Their inability to plastically deform leads

to the production of abandons and damages, which preserve vitality [9].
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5. Advanced Composite Materials

Creating aircraft and spacecraft is the focus of the engineering field known as
aerospace engineering. Aeronautical engineering includes materials science and
engineering as essential components, much like many other engineering fields
that deal with the materials used to build aeronautical structures. While most
aerospace structures are made of metal, developments in materials science, par-
ticularly in composites science and technology, have made it possible to create
new, promising materials for aeronautical engineering. Composites are materials
that combine two or more components to create a hybrid that takes advantage of
each component’s unique properties. The field of aerospace engineering has re-
cently shown a great deal of interest in fiber-reinforced polymer composites
(FRPs), which are created by reinforcing various matrix types (such as polymer-
ic, ceramic, metallic, etc.) using fibrous materials. The aerospace industry has
seen a more than 50% increase in the use of composite materials in recent years
(Research Gate, 2016) specifically implementing an intelligent airframe in Air-
bus A350XWB. Composite materials are used in the aerospace industry for pri-
mary and secondary structural parts like engine cowls, radomes, antenna dishes,
vertical and horizontal stabilizers, center wing boxes, aircraft wings, pressure
bulkheads, landing gear doors, tall cones, flap track panels, vertical and horizon-
tal stabilizers. The increasing use of composite materials in commercial aircraft
is depicted in Table 1.

Table 1. Increased growth of composite use in aircraft over the years increased composite
usage in A350 XWB [10].

An intelligent airframe composite material ~ Total part of the airframe in the aircraft

AI/AI-Li 19%
Steel 6%
Composite 53%
Titanium 14%
Misc. 8%

Eleven percent of the long-range, twin-engine, over 300-passenger Boeing 777
was made of composite materials when it was introduced in 2000 (Table 2). Al-
most 50% of The Boeing 787 Dreamliner’s materials were composites (about
32,000 kg of carbon fiber composites made from 23 tons of carbon fiber). Ap-
proximately 32 billion US dollars’ worth of development costs of Boeing 787
Dreamliner by 2023 include the composite materials which were used in engine
components of the aircraft. According to this projection, 2665 MT of composites
were produced by 2023, valued at US$1.7 billion (Boeing company, 2023). Given
the strict temperature requirements, ceramic matrix composites are predicted to

have enormous potential for use in aircraft engine components.
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Table 2. Increased use of fiber-reinforced polymer composites in aircraft structures [11].

Boeing 777 Boeing 787
Launched in 2000 Launched in 2007
11% FRPs 50% FRPs

70% Aluminum 20% Aluminum

7% Titanium 15% Titanium
11% Steel 10% Steel

1% Others 5% Others

6. Digitalization of Aerospace

Many firms are currently vying to be the first to regularly provide “air taxi” ser-
vices in cities and regions, helped along by substantial venture capital donations.
Alongside the developments of electrical vertical take-off and landing (eVTOL)
aircraft, research is also done into UAM control systems, network design, the
necessary ground infrastructure (vertiports, for example), and the integration of
UAM-related aircraft into the current busy airspace over cities. To put it loosely,
“air taxis” are electric aircraft (e.g., eVTOLs) that can transport large cargo and
passengers in the context of urban mobility and sustainability. Consequently,
some form of sophisticated urban ATM is required to coordinate aviation opera-
tions in the urban airspace, not only in the future as represented in movies but
also in the present day, especially if traffic densities increase [12].

The growing relevance of UAM is leading cities and regions to claim the
low-level airspace above them as part of their metropolitan area. However, cities
and regions need to realize that they do not have general control over the air-
space. Because air law is handled at the national or international level, the ap-
propriate officials also live there. Generally, the local level’s impact may be lim-
ited to evaluating ground dangers and related infrastructure, contingent upon
the regulatory framework of the specific Member State. This covers technologi-
cal issues as well as regulation, legislation, and governance, the latter of which is
handled by the European Union through frameworks and regulations that are
binding on all EU members. One example is the introduction of the “U-space”
idea [13]. The EU designed a legal framework for using UAS and its possible us-
es within the Union. In the end, U-space provides a legal framework that strives
for the safe, secure, sustainable, and effective operations of UAS, including air
taxis in future urban airspace, to manage scalable airborne traffic that is follow-
ing society’s demands. A sound regulatory framework such as the “U-space” is a
facilitator rather than a “barrier”.

Additionally, it is a necessary condition for the ethical and long-term imple-
mentation of urban air mobility services on a large scale within a city or area.
The integration of UAM services with current or upcoming surface mobility ser-
vices is just one of many issues that must be considered when preparing for
UAM operations. Other factors include aviation safety and security. To do this,
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the most important thing when analyzing the UAM environment is to com-
municate public and wider societal benefits in a variety of dimensions, such as
enhancing accessibility, quality of life, and economic and environmental ele-
ments, aside from basic safety and security issues. Europeans are firmly in favor
of UAM use cases that have a clear societal benefit, according to a new EASA
study on the social acceptance of UAM. This covers all forms of emergency and

medical transportation, including those used in disaster relief situations.

7. Promises of Advanced Aerial Vehicles

The anticipation that increasingly autonomous (IA) systems will yield substan-
tial benefits in terms of safety, dependability, efficiency, affordability, and/or
previously unachievable mission capabilities is propelling the development and
application of IA systems for civil aviation at an accelerated rate. IA systems
cover a wide spectrum of technologies, from the automatic systems used today,
like autopilots and remotely piloted unmanned aircraft, to the more complex
systems required to enable fully autonomous aircraft that operate without the
need for human air traffic controllers or pilots. These systems are being envi-
sioned for aircraft, air traffic control, and other ground-based components of the
national airspace system. They are distinguished by their capacity to carry out
increasingly complex mission-related tasks with significantly less human inter-
vention for extended periods, sometimes at remote distances. Encouraging civil
aerospace and aviation transport companies to use eco-fuel and develop un-
manned aerial vehicle technologies would lead to increased fluctuations in the
greenhouse effect and prevent the depletion of the ozone layer [1]. From 1950 to
2018 the global urban population has quadrupled and by 2023 4.4 billion people
will be living in urban areas, making up to 55% of the global population.

The United Nations expects the trend to increase up to 68% by 2050 [14].
UAM is one of the leading technologies that is expected to foster the solutions
for the future of urban population growth. The vitality to drive the propellers is
given by either hybridized or completely zapped control. UAS are as of now
broadly utilized in observation and recording and they are presently getting to
be ever progressively imperative within the setting of UAM. Future UAM sys-
tems will inevitably be went with by novel impetus design, such as a cluster of
disseminated drive frameworks (DPS) [15] and multi-rotor arrangements, owing
to their operational prerequisite to vertically take-off and arrive inside “verti-
ports” arranged in thickly populated cities. The fruitful usage and food of UAM,
as well as its societal acknowledgment as a concept, nearly completely depends
on the streamlined and aeroacoustics execution within the take-off and landing
phases of the mission. Typically, since when working exceptionally near to the
ground, UAM airplane deliver noteworthy, streamlined annoyances commonly
known as the “Ground Effect”. Operation inside “Ground Impact” is likely to
lead to changes in aeroacoustics and expanded clamor levels, in expansion to

modifications in flight soundness and pushed prerequisites. In comparison to
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other factors crucial to this evaluation, the total quantity of aviation fuel burnt as
well as the total emissions of carbon dioxide, NOx, and water vapor by aircraft
are well known. The CO, emissions from aviation gasoline are 3.15 grams per
gram of fuel, meaning that a Boeing 737 - 400 emits 115 grams of CO, for every
passenger kilometer. 780 km/h is the average speed. Aircrafts are the first highest
carbon emitters, emitting 13,500 kg per flight (Table 3). Hence, the reduction of
speed or using a different technology while constructing and designing the en-
gine of the aircraft to release twice as little CO, would result in positive out-

comes.

Table 3. Urban CO; emissions [16].

CO: Emission source Annual accounted CO; emissions
Cars 880 kg
Food 3000 kg
Sewage 140 kg
Natural gas 1360 kg
Electricity 490 kg
Planes 13,500 kg (50,000 miles)

8. Conclusions

In conclusion, studies on the benefits and drawbacks of UAM have highlighted
the role that big civil tiltrotor may play in achieving technological objectives.
The aircraft design that is showcased in the paper is both economically competi-
tive and can significantly alter the air transportation industry. The future of
UAM appears bright, thanks to developments in composite materials, low disk
loading rotors, and an airframe with minimal drag. Moreover, the incorporation
of eVTOL aircraft into UAM can transform urban transportation. It is expected
that UAM operations will become a standard mode of transportation in some
areas as they grow and mature. Enabling the adoption and extension of UAM on
a worldwide scale will require standardizing airspace and ATM. To fully exploit
the potential of UAM, the research emphasizes the significance of ongoing de-
velopments in structural scalability, aero elastic stability augmentation, and aer-
odynamic performance enhancements. The “U-space” concept and the “T-WING
project” are important steps in the direction of realizing this vision. Highlighting
the opportunity to develop technologies and new opportunities for companies at
COP 29 which will be held in Azerbaijan in November 2024. There is a Sustain-
able Urban Mobility Planning and Monitoring (SUMP) principle that applies to
every kind of transportation. The setting of UAM, however, is unique because
these ideas are usually applied to surface and ground transportation modes
The eight SUMP principles in the context of UAM:
- Plan for sustainable mobility in the “functional city”

- Cooperate across institutional boundaries
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- Involve citizens and stakeholders

- Asses current and future performance

- Define a long-term vision and a clear implementation plan
- Develop all transport modes in an integrated manner

- Arrange for monitoring and evaluation

- Assure quality
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