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Key enabling technologies for drone based multi-agent systems

Dr. Ricardo Reis (Embraer), Dr. Raj Thilak Rajan (TU Delft),
Dr. Morten Larsen (AnyWi Technologies)

Analysis of the new market trends of UAVS for safe BVLOS operations

Elena Politi*, Panagiotis Rodosthenous, Ricardo Jose Nunes Dos Reis, Morten Larsen, Iraklis Varlamis
and George Dimitrakopoulos

* Harokopio University, Greece

The deployment of Unmanned Aerial Vehicles (UAVs) is witnessing an unparalleled expansion in
recent years in various application domains. These sophisticated tools are currently conquering the
skies for various data intensive applications in diverse sectors. Technology advancements in sensors
and communication technologies have opened the way for new applications that will further boost
their, leading in turn to a growing interest among business leaders, policy makers and the public,
creating more business opportunities. Beyond Visual Line Of Sight (BVLOS) operations in particular
have gained significant attention in recent years, for their higher degrees of intelligence that brings
several benefits. One of the greatest challenges for the greater adoption of UAV operation is safety
and the resulting trust, which in turn represents the prominent driving force to reach a high
technology acceptance from users. This work examines the emergence of recent market trends for
BVLOS operations and their influence on the integration of safe and autonomous UAVs operations
and will be the main driver in the improvement of multiple applications. In this context, a thorough
review of the current market trends is provided, while the existing guidelines and regulations of UAV
operations are validated through an extensive survey.
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Hardware-based-security support for improved drone authentication- and communication
security

Rainer Matischek®* Thomas Fischer, Dominic Pirker
* Infineon Technologies Austria AG, Austria

Similar to the previous Internet of Things (loT) hype, drones are an emerging field of research on
embedded systems and edge computing. Consequently, this application area will also become "the
next big thing" to be attractive for hackers, as early drone-related security attacks already indicate.
Therefore, the authors present new approaches, which partly enhance conventional software-based
TLS authentication methods with hardware-based-security. Only when applied in a proper way —
shown in this presentation — this approach can significantly harden the security of future drone
communication-platforms. Finally, the authors summarize and compare even two possible
approaches and applicable hardware-platforms, based on recently developed proof-of-concept
demonstrators.

Designing and implementing next-generation aerial systems with Deterministic Ethernet
networks

Anna Ryabokon, Jean Paul Barreto Guerra, Stefan Wernitznigg®* Jasmin Jessich, Wolfgang Forster,
Jochen Koszescha, Enrico Orietti, Axel von Blomberg, Mario Brotz

* TITech Computertechnik AG

The usage of drones for surveillance, logistics, mobility, and other highly demanding applications is
pushing existing avionics systems to its limits while processing a high amount of data or proving
determinism. Enabling these systems to be more automated, intelligent, and flexible brings enormous
complexity into design of aerial avionics platforms which still must deliver a SWaP (Size, Weight, and
Power) optimized design, high performance, and high reliability. The demonstrator designed and
implemented in the European funded project ADACORSA showcases a novel drone avionics
architecture proof-of-concept. TTTech has integrated this prototype based on Deterministic Ethernet
backbone to realize a fail-operational drone avionics network with redundancy and defined Quality
of Service for all data streams. To ensure interoperability the system uses open communication
standards such as e.g., Ethernet or PCle, and system interfaces can support mixed-criticality data
communication (hard real-time also called Time-Triggered, Rate-Constrained, and normal Best Effort
Ethernet) over the same wire drastically improving SWaP of the overall system. Infineon’s TUV-certified
AURIX safety microconfroller platform with an innovative powered management IC and safety-
certified real-fime operating system PikeOS by SYSGO are deployed to guarantee functional safety
up fo the highest needs up to DAL A aerospace applications to deliver certifiable avionics in the
future.

On UAV Terrestrial Connectivity Enhancement through Smart Selective Antennas

Emanvuele Pagliari*, Luca Davoli, Giordano Cicioni, Valentina Palazzi, Gianluigi Ferrari
* University of Parma, Italy

Unmanned Aerial Vehicles (UAVs) are becoming widely used in many scenarios, given their
advantages with respect to other kinds of aircrafts (e.g., helicopters), are already adopted in various
contexts (e.g., surveillance applications, rescue operations in harsh environments, environmental
monitoring, experimental delivery services, etc.), and, thanks to the constantly decreasing price of
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these devices, they are going to be used for a wide plethora of uprising applications and use cases.
Then, most of them will involve Beyond Visual Line of Sight (BVLOS) flights, where the UAV and the
control center do not have direct visibility each other and require high data rates, wide coverage
and reduced latency, and this will open to the need for the drone to rely, as per the connectivity, on
existing third-party terrestrial networks. However, nowadays there are stfill many problems to be
overcome when dealing with BVLOS-like flights and cellular connectivity for drones, as various LTE
and 5G cellular networks have been designed and deployed for a terrestrial usage only, while being
already able to provide low latency and high data rate communication links, in conjunction with a
widespread coverage, which allows a multitude of drones-based applications to be deployed and
performed. Moreover, most of the connected terminals (e.g., smartphones, cars, etc.) generally
exploiting these kind of networks are located on the ground or in the first tens meters of alfitude,
since, on a more technical level, this means that the network topology and frequency reuse between
nearby cells have been opfimized to minimize (or completely avoid) the inter-cells interference on
the ground-connected terminals. Instead, when dealing with flying UAVs—that can fly at an altitude
between 50 m and 120 m from the ground—a drone-mounted cellular network terminal has direct
visibility with multiple Base Transceiver Stations (BTSs) of the nearby cells, implying a strong inter-cell
interference, as the system can receive signals also from the several cells. This destructive interference
(experimentally revealed through performance measurements carried out by the research
community) leads to a reasonable decrease in the radio signal quality parameters, and, as a
consequence, on the network’s effective performance and stability, thus threatening the safety of
BVLOS missions. Moreover, experimental flights performed in an open field area located in the
northern Italy returned that the more the drone height increases, the more the keys parameters
indicating the LTE networks’ signal quality decrease, thus reaching lower values than those observed
at the ground level. With reference to a cellular terminal located on-board on a fliying drone, this
behaviour can be motivated by its exposure to radio signals arriving from the multiple cells, which in
turn reuse the same frequencies allocated in the cell where the UAV is flying, thus making the
communication unreliable. Therefore, it is easy to understand how this inter-cell interference problem
may be stronger in all those environments where a high number of cells is present (e.g., urban
contexts), thus a massive amount of pico- and femto-cells in a very limited area, then presenting an
intensive frequency reuse. Given these remarks, in order to speed up the deployment of BVLOS
drones-oriented applications, as well as to provide a strong backup network to these devices until
newer network generations (e.g., 5G or even 6G) will not be available soon, it is imperative to find a
solution fo minimize this problem, with the aim to easily and effectively use existing terrestrial networks.
The idea suggested in this abstract is fo develop and deploy a Smart Selective Antennas System
(SSAS) based on a set of small and lightweight directional antennas, optimized with a proper beam
width and with a spectrum able to fulfill the frequency bands used by modern networks in Europe,
controlled by an advanced antenna selection algorithm based on multiple input data. More in
detail, the proposed SSAS (whose illustrative scheme in an exemplified scenario is shown in the
attached Figure, is composed by four directive Multiple Input Multiple Output (MIMO) antennas,
each one with a 90° beam width to be located on the drone (to reach a complete 360°coverage)
and connected to an advanced four-positions RF multiplexer allowing fo power a single sector (e.g.,
just one over the four available antennas) to reach radio coverage in the desired specific direction.
Then, the conftrol algorithm takes info account different inputs, such as (i) the in-flight UAV direction
and position, (i) the nearby BTSs’ position, and (iii) the UAV horizontal alignment (yaw axis data), in
order fo power on only the antenna which is pointing foward the nearby BTS which the on-board
cellular modem is connected to. Hence, thanks to the SSAS mounted on the drone, the inter-cell
interference exposure of a typical omni-directional antenna can be reduced by turning on and off
the right directive antenna with respect to the UAV alignment toward the nearby connected BTS,
thus improving the network reliability of the communication link with the existing network
infrastructure. Finally, preliminary experimental data seem to return promising results and leave the
room for further significant improvement using more advanced antennas and control algorithmes,
such as the adoption of additional antennas (e.g., 6 or 8 antennas) to reach a more powerful beam
directivity tfoward the best candidate BIS selected by the on-board algorithm, as well as the
miniaturization of the antennas composing the SSAS (thus opening new supported bands and, even,
cellular network generation, like 5G).
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An architecture for multilink drone communication

Morten Larsen*, Ricardo J. N. dos Reis, Ozren Ozelja
* AnyWi Technologies, Netherlands

Drone communication for command and conftrol or to inferact with cameras and other sensors in a
payload can now be provided through a range of commercial offerings, going from WiFi over local
radio links fo various varieties of cellular connectivity and satellite links. Each offer different
advantages in terms of latency, bandwidth, availability and costs, and this presentation describes a
multi-layered architecture for a drone communication system that can incorporate several link
technologies. The system handles availability information and quality of service data and manages
the different links to achieve the overall best link connecting drone and ground stations. Early results
of intfegration of link fechnologies, QoS estimators and safety and security layers will be discussed.

MBSE to support technology development in an European Research for drone technologies

Ricardo Reis* José Ricardo Parizi, Morten Larsen
* Embraer Portugal, Portugal

ADACORSA is a KDT project for the development of components, software, algorithms and
architectures solutions for solutions for drones. The consortium represents a constellation of non-
traditional aviation partners with the common goal of being players in the same common domain -
drones - but addressing different needs and capabilities, and thus not connected by the strong
integration imposed by a common demonstrator. This infroduces challenges regarding coherence,
requirements and a common framework architecture to improve alignment and partners chances
of market adoption.

This work proposes a MBSE approach to address the challenge of integration and alignment. An
overall concept architecture is presented and a specific use case highlighted.

Game-Theoretic Learning for the Coordination of Drone Teams in Autonomous Cooperative
Inspection

Domenico Pascarella*, Vittorio Ugo Castrillo, Ivan ludice, Gianpaolo Pigliasco, Angela Vozella
* CIRA (Italian Aerospace Research Centre), Italy

Without the need for an on-board pilot, drones were usually designed to accomplish the D-cube
(dull, dangerous and dirty) envelope. However, if a mission exhibits a large operative area and/or
several objectives, it may entail poor performance when executed by a single drone. Multi-drone
missions may overcome this issue by engaging several drones with some common objectives and by
establishing a sort of multi-drone collaboration to increase mission effectiveness. An instance of such
collaboration is represented by drone teams, namely networked sets of drones with a shared godl,
and in which all members are assigned specialized tasks o accomplish the reference goal.

Recent advances in drone-team technology are exploited in a wide new range of both military and
civil applications, revealing several market opportunities, but raising as well significant challenges.
For example, a drone feam may be arranged as a mobile sensor network. In this case, the drones
act as mobile sensor nodes to closely perceive several targets (even changing over time) for
maintaining an up-fo-date picture of the situation and for balancing the load of the sensing fasks
within the tfeam. However, the autonomous cooperative behaviour is a key enabling feature for a
resilient and cost-efficient drone feam within mobile sensing. Indeed, this cooperative behaviour may
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ensure: (i) areal-time reconfiguration and retargeting of the overall team, based on the evolution of
the operating scenario, (ii) a reduction of the reliance on human operators to contain costs, (iii) faster
reactions to environment changes with respect to human response.

This work proposes a dynamic and decentralized mission planner of a drone team to attain an
autonomous cooperative behaviour concerning area inspection for surveillance purposes, e.g., for
feared-event detection within environmental monitoring or infrastructure patrolling. The design of the
planner exploits multi-agent task allocation, distributed route planning and game theory for the
assignment of inspection tasks and for the processing of optfimal routes in reasonable time frames
and with limited communication, laying the foundation for autonomous real-time reactions to
environmental changes.

Firstly, the mission planning problem is formally stated as a stochastic constrained optimization of the
team’s tasks and routes, by extending the operator of expected cost of ignorance to define a
specific area-inspection metric. Then, a game-theoretic coordination mechanism is addressed to
solve the opfimization problem according to a decentralized multi-agent setting. Thus, the
mechanism represents a negotiation process amongst the agents and provides a resilient behaviour
by avoiding central decision points.

In detail, the coordination mechanism employs the theories of Markov games and learning in games
with a two-step design process, which encompasses: (i) the game design, i.e., the specification of
the interaction structure (action spaces and utility functions) of the agents, (ii) the learning design,
i.e., the specification of the decision-making rules of the agents to learn the best routes, considering
both the environment state and the previous choices of the other agents. For the game design, a
sound methodology is applied to bring the design towards a potential game and to guarantee the
learning algorithm to converge to a Nash equilibrium. For the learning design, some ad-hoc variants
of best response and of log linear learning are proposed as possible learning algorithms. Moreover,
the work presents several numerical results to validate the effectiveness of the proposed approach.
Firstly, some metrics are assessed considering the game-theoretic nature and the complexity of the
approach (e.g., price of anarchy, price of stability, communication amounts, etc.). Then, a proof of
concept is reported as the implementation of the mission planner in an agent-based modelling &
simulation environment to allow for model-in-the-loop testing. The Mesa framework in Python is used
for the coding and the simulation of the agent-based models underlying the planner and the drone
team. Lastly, a preliminary software implementation is performed for inifial software-in-the-loop
testing, by exploiting the DroneKit framework and the Micro Air Vehicle Link (MAVLink) protocol. The
testing results refer to possible protection scenarios of real areas, and are used as source of analysis
for the engineering phase.
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On-board Drone classification with Deep Learning models and SoC implementation

Angelo Manco, Giuseppe Di Cecio, Gabriella Gigante*
* CIRA Scpa, Italy
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The development of drone technology has been remarkable in many different application domains
such as agriculture, surveillance, and delivery services. However, their growing number, jointly with
their autonomy and swarming capabilities rise relevant concerns on safety and make them dramatic
threats to security . To address these worries Counter-UAS Systems (CUS) are capturing the interest of
research and of industry. CUS are capable of detect, identify and counter single drones in the
airspace, assuring certain levels of security . Although suppression of individual drones has been
addressed (at least partially), countering an hostile swarms of drones represents an emerging
challenge. Very recently research has been addressing the adoption of CUS based on drones
themselves.

They present some advantages such as, for example, the proximal sensing due to the extreme
mobility of drones or the chance to increase the coverage of a protected area. To these purposes
the"good drones” must have on-board the capability of identifying an attacking drone. Drone
classification powered by Artificial Inteligence (Al) models can be considered an enabling
tfechnology for such a system. Bring this tfechnology on-board is challenging.

Edge computing has emerged as a promising paradigm for efficient and real-time processing of
data at the edge of the network, closer to the source of data generation. Detection and
Identification (Classification) tasks can greatly benefit from edge computing capabilities, enabling
fast and accurate decision-making without relying on centralized cloud resources

The proposed work explores the application of edge computing to drone classification. It funes a
Deep Learning model, You Only Look Once (YOLO), and and implements it on a Field Programmable
Gate Array (FPGA) technology FPGAs are considered advantageous over conventional processors
since they enable parallelism and can be used to create high-speed, low-power, and low-latency
circuit designs and so to satisfy the stringent Size, weight and Power (SWaP) requirements of a drone-
based implementation. In details, two different YOLO neural networks YOLO v3 and v8 are trained
and evaluated on a large data set constructed with drones’ images at small, medium and large
distances. The two models are then implemented on a Xilinx System-on-Chip (SoC). In order to
demonstrate the feasibility of a drone on board Images Al processing, the evaluation assesses the
accuracy of classification and the computational performances such as inference speed and power
consumption.

Project session: MINIMAL

Dr. Carlos Xisto (Chalmers University)

Minimum environmental impact ultra-efficient cores for aircraft propulsion

Carlos Xisto*, Feijia Yin, Andrew Rolt, Isak Jonsson, Arne Seitz, Anders Lundbladh, Anna Yenokyan
* Chalmers University of Technology, Sweden

Building a sustainable and climate neutral future for aviation is an inevitable requirement for a society
with increasing mobility needs. If we are to stabilize the global temperature below the 1.5°C threshold
set by the Paris Agreement, rapid action is fo be taken. MINIMAL (Minimum environmental impact
ultra-efficient cores for aircraft propulsion) will contribute to a radical fransformation in air transport
by providing disruptive ultra-efficient and low-emission technologies that will, in combination with the
aviation ecosystem, sustainably reduce the climate impact of aviation. The MINIMAL project will,
through a joint effort between European engine OEMs, atmospheric scientists, and lead researchers
in combustion and propulsion, attack the major sources of non-CO2 and CO:2 emissions in
aeroengines. This is accomplished with the introduction of new propulsion systems based on
composite cycle engine (CCE) ftechnology, that provides unparalleled efficiency levels and
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performance flexibility for climate friendly operations. The project will provide experimental (TRL 3)
proof of concept of cutting-edge technology with the potential to eliminate the large sources of
climate forcing, low-NOx micromix opposed piston hydrogen combustion ftechnology, heat-
management system that exploits the cooling potential of hydrogen (intercooling, piston heat
recovery). Integration studies on the CCE architectures will allow to quantify the performance on
future-looking application scenarios, covering typical missions from short to long ranges. The
integration studies are supported by climate impact studies to investigate the interdependencies
between non-CO2 and CO:2 effects during the early stages of aero-thermal-mechanical design and
converge intfo engine options with minimum climate impact.

This presentation will discuss the overall project background, concept, structure, and goals, setting
the stage for the following technical presentations that will cover the key lessons learned in the first
year of MINIMAL.

Composite Cycle Engine design for minimal climate impact - Study setup and reference
systems

Nickl M., Seitz A.*, Lidemann M., Lessis A, Ziogas O., Xisto C., Rolt A.
* Bauhaus Luftfahrt e.V., Germany

The Horizon Europe and UKRI funded project MINIMAL (Minimum environmental impact ultra-efficient
cores for aircraft propulsion) (no. 101056863) focuses on development of minimum climate impact
Composite Cycle Engine (CCE) designs. Such propulsion systems, combining piston engine core
technology with advanced aero engine turbomachinery, were identified as most efficient
configurations in previous projects [1-3]. This contribution will present the planned activities on aircraft
integration effects and minimum climate impact design of Composite Cycle Engine configurations
in work package (WP) 4 of MINIMAL. WP 4 has started by generating redalistic reference aircraft
platforms (including reference propulsion systems) for regional, short-to-medium and long range
applications for state-of-the-art and advanced, evolutionary technology level. These platforms, using
either sustainable aviation fuel (SAF) or liquid hydrogen will enable overall assessment of the CCE
propulsion system potential. First insights on the chosen top level aircraft requirements as well as
aircraft and propulsion system technology assumptions will be presented. Furthermore, the planned
process for CCE conceptual design integration and optimisation towards minimum climate impact
will be explained. Three alternative types of CCE concepts applying crankshaft-based pistons, free
double pistons and opposed pistons will be presented, to be investigated in detail within MINIMAL. In
addition, the interdependencies with other WPs, will be highlighted. For instance, low nitrogen oxide
(NOx) emissions will be a critical requirement for future engines, so special attention is given to this,
and the CCE designs are made in close cooperation with MINIMAL work package 2, which has a
dedicated focus on CCE combustion processes. Also intercooling and thermal management
aspects, investigated in WP 3, will be considered and, ultimately, optimized MINIMAL aircraft
performance are planned to be provided to WP 1 towards the end of the MINIMAL project to analyze
the climate impact sensitivity of the MINIMAL CCE architectures on fleet level.

Demonstrating low NOx for hydrogen combustion in a free-piston aero engine core in the
MINIMAL project

Andrew Rolt*, Xiaoxiao Sun, Charith Wijesinghe
* Cranfield University, United Kingdom

New energy sources and aircraft propulsion technologies need to be developed to ensure the
continued viability of commercial aviation. The low specific energy of batteries means they can only
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provide power for short flights, but electrolysis with renewable energy can generate green hydrogen
that may be used to fuel aero engines. Hydrogen may also be combined with non-fossil carbon
sources to make hydrocarbon electrofuels. Aircraft PEM fuel cell systems using hydrogen may be
developed, but these still face challenges with operability, low specific power and high cooling
demands. Therefore, combustion engines will also contfinue to be developed.

The ULTIMATE project demonstrated that composite cycle aero engines could significantly reduce
fuel burn relative to engines with conventional combustors. It identified multi-cylinder free-piston
engine cores as a very promising fopping-cycle technology for future composite cycle engines
(CCE). The MINIMAL project is developing these concepts further.

Hydrogen should become the least expensive sustainable aviation fuel. It avoids emitting carbon
dioxide, carbon monoxide, hydrocarbons and soot, but its combustion can generate NOx. MINIMAL
work package 2 will model hydrogen combustion with homogeneous charge compression ignifion
(HCCI) and it will use a single-cylinder free-opposed-piston test rig to validate the numerical models.
It aims to demonstrate very low NOx emissions are possible.

Free pistons can run oil-free on low-friction air bearings, and variable compression ratio will enable
compression ignition with high combustion efficiency over the wide range of aero engine operating
conditions. Hydrogen can be pre-mixed with relatively cool inlet air just ahead of the inlet ports,
without risking flashback, so lean combustion should be possible without the hot-spots that would
generate higher levels of thermal NOx. Low residence times at the peak pressure and temperature
should also help to minimise NOx production.

An opposed piston arrangement for the free-piston engine core offers further benefits. The
elimination of cylinder-heads reduces heat loss, and the simple piston-operated inlet and exhaust
ports create ‘uniflow’ inside the cylinders for efficient scavenging in the two-stroke topping cycle.

Exploration of heat management concepts for a hydrogen fuelled mid-range commercial
aviation engine

Isak Jonsson* Miltén, P., Xisto, C., Mauro, M., Alexiou, E.
* Chalmers Tekniska H6gskola AB, Sweden

This contribution focuses on the development of a new intercooling concept for gas turbine engines
fuelled by hydrogen. Although intercooled gas turbines have proven beneficial in stationary and
marine applications, there are currently no intercooled commercial jet engines. In the ULTIMATE
project, intercooling was explored as a means to achieve the required gas furbine efficiency for
future aircraft, and it was shown that substantial intercooling was required for high-OPR concepts,
such as the composite cycle engine (CCE). The adoption of cryogenic hydrogen (LH2) as a
potentially carbon-neutral fuel for commercial aviation presents new opportunities for the
development of efficient and sustainable propulsive systems. In the project ENABLEHZ2, intercooling
was combined with cryogenic hydrogen, and installation penalties were substantially reduced. This
study builds on these findings and explores new approaches utilizing both bypass air and hydrogen
to increase intercooling power while minimizing installation penalfies. The performance of this new
concepts is planned to be evaluated by simulations and experimental data obtained from a
Chalmers low-pressure compressor facility. Additionally, this study examined the suitability of piston
engine configurations for use in composite cycle engine architectures from a thermal management
perspective to provide insights into the potential of infercooling and composite cycle engines for
future jet engine designs.
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Climate model for future aircraft engine design: a novel conceptual design approach
towards sustainable aviation

Feijia Yin* Harjot S. Saluja, Turhan Eker, Arvind Gangoli Rao, Volker Grewe, Julia Schaumeier, Annika
Paul

* Delft University of Technology, Netherlands

Aviation contributes to about 3.5% of the total anthropogenic climate change, including CO2 and
non-CO2 effects from e.g., NOx, conftrails, H20 [1]. The ICAO Post-COVID-19 forecasts indicate that
aviation will recover with an average growth rate of 3.6% , which will inevitably aggravate aviation's
climate impact. Furthermore, the interdependency between CO2, NOx and confrails effects makes
it challenging to tackle the overall climate impact of aviation. One potential mitigation approach is
to incorporate the whole climate impact during the aircraft conceptual design optimization. To this
end, a comprehensive climate model bridging the climate effects and aircraft engine design
requirements is required. That is one goal within WP1 of MINIMAL project. Overall, the WP1 of MINIMAL
project focuses on the climate impact study of radical engine configurations (e.g., Composite Cycle
Engine (CCE) concept in MINIMAL) combining alternative fuels (e.g., Hydrogen) under different
scenarios. The climate impact assessment will consider effects of CO2, NOx, water vapor and
contrails. The expected outcomes are: 1) different scenarios related to fleet developments, 2)
benchmarking emission inventories for global aviation, 3) climate response model to allow climate
optimized engine design.

As a first step, this research demonstrates the rationale behind the climate optimized engine
concept. We apply an infegrated approach combining aircraft engine performance, emissions, and
climate response (average temperature response over 100 years (ATR100)) to turbofan engine
configurations considering short-medium range flights. Accordingly, the variation of ATR100 with
respect to engine pressure rafio, turbine inlet temperature and bypass ratio is calculated. We
observed tradeoffs between CO2 and non-COz effects driven by conftrails and NOx, which confirms
the need of having a multi-objective optimization approach including fuel efficiency and climate
impact. Within the scope of MINIMAL project, the approach will be adapted to consider global
emission inventories with respect to different technology and fuel uptake under various scenarios.
Accordingly, the climate impact from CO2, NOx, H20, and conftrails will be estimated using a state-
of-the-art climate impact assessment tool, AIrClim [2, 3], with a necessary adaption for non-
conventional fuels. Climate response functions will be generated which will be integrated with the
engine design optimization studies to design for minimum climate impact.

Acknowledgement: MINIMAL project has received funding from the Horizon Europe research and
innovation programme under GA n° 101056863

Keywords: MINIMAL, fleet modelling, emission inventory, climate modelling, COz2 vs. non-COz

References:
[1]1 D. S. Lee et al., "The contribution of global aviation to anthropogenic climate forcing for 2000 to
2018," Atmospheric Environment, 2021, doi: https://doi.org/10.1016/j.atmosenv.2020.117834.

[2] V. Grewe and A. Stenke, "AirClim: an efficient tool for climate evaluation of aircraft fechnology,"
Atmospheric Chemistry and Physics, 8(16), pp. 4621-4639, 2008, doi: 10.5194/acp-8-4621-2008.

[3] K. Dahlmann, V. Grewe, C. Frdmming, and U. Burkhardt, "Can we reliably assess climate mitigation
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Advanced Manufacturing Technology for Aeronautics
Dr. Jie Zhao (University of Strathclyde)

Disruptive technologies: Induction welding and Continuous Compression Molding for
complex shapes

Simone Morciano*, Alessandra Passaro, Giuseppe Buccoliero, Umberto Raganato, Michele Arganese
* CETMA, Advanced Materials & Processes Consulting Department, Italy

Thermoplastic composites are increasingly important materials in the aerospace industry due to their
unique combination of properties such as high strength-to-weight ratio, impact resistance, and
excellent fatigue performance. Weldability is another important advantage of thermoplastic
composites that can provide several benefits in aerospace and other applications, including strong
and durable joints, efficient production, enhanced design flexibility, improved weight savings, and
better environmental performance. The use of thermoplastic composites can reduce production
costs and increase manufacturing efficiency due to their short processing time when automated Out
of Autoclave (OoA) processes (compression molding, induction welding, efc..) are used. The aim of
this work is to present the potential of two highly automated OoA technologies, namely Continuous
Compression Molding (CCM) and Induction Welding (IW), which when combined allow to produce
complex shape structures by welding together simple components in a cost-effective way. A re-
designed keel-beam structure is presented as a case study; it was manufactured welding together
simple components (L-shaped corners, Q-shaped stringers, flat skins) produced by CCM.

A STUDY OF FATIGUE THRESHOLDS ON AIlSi10Mg ALUMINIUM SAMPLES PRODUCED BY
LASER POWDER BED FUSION

R. Fernandes?®, J.S. Jesus, L. P. Borrego, J.A.M. Ferreira, J.D.M. Costa
* Coimbra Polytechnic - ISEC, Portugal

Aluminum alloys are widely used in the aeronautical industry, whereby is fundamental the
understanding of in-service fatigue behavior. Concerning to the fatigue design of aeronautical
components, which fatigue behavioris mainly analyzed based on the crack propagation rate data,
particularly around the thresholds of da/dN-AK curves. The fatigue thresholds of the aluminum alloy
AISiTOMg manufactured additively by laser powder bed fusion for as-build, residual stress relief and
hot isostatic pressing conditions were studied in this work. The fatigue tests (R=0 and R=0.4) were
carried out, at ambient temperature and in load control mode. The fatigue behavior in the threshold
regime is very similar between as built and heat-tfreated conditions and for the different stress ratios.

The impact of data injection on predictive algorithm developed within electrical
manufacturing engineering in the context of aerospace cybersecurity

Jorge-Bautista Herndndez*, Maria Angeles Martin Prats
* University of Seville, Spain

Cybersecurity plays arelevant role in the new digital age in aerospace industry. Predictive algorithms
are necessary to interconnect complex systems within the cyberspace. In this context, where security

Book of Abstracts
Page 22



SEPTE?;? 13th EASN International Conference
VIDER

2023 on Innovation in Aviation and Space
Salerno, ltaly for opening New Horizons

protocols do not apply, challenges to maintain data privacy and security arise for the organizations.
Thus, the need of cybersecurity is required. The four main categories to classify threats are
interruption, fabrication, modification and interception. They all share a common thing, soften the
three pillars which cybersecurity needs to guarantee. These pillars are confidentiality, availability and
integrity of data. Datainjection can confribute fo this event by creation of false indicators which can
lead to errors creation during the manufacturing engineering process. In this paper, the impact of
data injection on existing dataset used on manufacturing process is shown. The design model
synchronizes the following mechanisms developed within machine learning techniques which are,
the risk matrix indicator to assess the probability of producing an error, the dendrogram to clusters
the dataset in groups with similarities, the logistic regression to predict the potential outcomes and
the confusion matrix fo analyse the performance of the algorithm. The results presented in this study,
which was carried out using a real dataset related to the electrical harnesses installed in a C295
military aircraft, estimate that injection of false data indicators increase the probability of errors
creation in 24.22 % on the predicted outcomes required for the generation of the manufacturing
process. Overall, implementing cybersecurity measures and advanced methodologies to detect
and prevent cyberattacks are necessary.

Model-based approach for the automatic inclusion of production considerations in the
conceptual design of aircraft structures

A M R M Bruggeman, D Bansal*, G La Rocca, Tvan der Laan and T van den Berg
* Delft University of Technology, Netherlands

During the production stage of a product, many production issues are found [1], which are often
related to an inadequate design [2]. However, making design changes at the production stage is a
costly and time-consuming task and should therefore be prevented as much as possible. Analysing
the producibility of a product during the conceptual design stage will lead to an earlier identification
of production issues, which saves both time and cost. Furthermore, small changes in the design can
sometimes reduce the production complexity significantly [3], which results in lower manufacturing
costs and higher production rates.

However, including production considerations in the design is quite challenging, especially during
early design stages when little is known about the components. Many production methods exist and
each part of the system can be produced by different production process(es). Furthermore, each
production method puts different constraints and requirements on the component design and vice
versa. Managing all these different requirements and ensuring compatibility with all is challenging.
Finally, a lot of manufacturing informatfion has grown historically and is known by experts. This
information is not necessarily well documented such that it can be integrated info the product design
process [4]. This is generally tackled by bringing manufacturing experts and designers tfogether during
the initial product development discussions and critical reviews. However, the process remains
informal and there are no effective means to allow the designer to make leverage of the
manufacturing expert’s knowledge in a systematic, model-based approach during the design
process.

This paper presents a new development that focuses on formalising and modelling production
information such that it can be implemented and used during early design stages. The
Manufacturing Information Model (MIM) provides a standard way fo connect manufacturing
information to the different parts and joints in a product. Furthermore, with the MIM, both functional
views as well as manufacturing views can be modelled within a single design modelling environment.
By modelling the manufacturing information its effective re-use can be achieved in a systematic way
at the preliminary design stage without having to rely on fime-consuming discussions with
manufacturing experts.
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The MIM is demonstrated through the conceptual design of a wing box at GKN Fokker Aerostructures,
a Tier-1 aerospace supplier. The use case shows how manufacturing data can automatically be
added to a product model and how this information is automatically updated when for example
the production method changes. The manufacturing information is then used to assess different
manufacturing concepts for the wing box. A Design of Experiments (DoOE) is conducted where the
design variables include the material and production method for different parts and joints of the
wing box. The results are visualized in scatter plots, indicating the impact of choosing different
materials and manufacturing methods on the total cost and mass of the wing box, supporting the
designer in the trade-off process.
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Gradient-based Design Optimization of Composite Structures using Double-Double
Laminates

David Zerbst*, Lennart Ténjes, Christian Uckert, Sascha Dédhne, Edgar Werthen, Erik Kappel, Christian
Hihne

* German Aerospace Center (DLR), Germany

The Double-Double (DD) family of composite laminates has been proven to be a very promising
alternative for designers and manufactures in aerospace engineering. A DD laminate is
characterized simply through a balanced building block, comprising four unidirectional layers with
ply angles {®, —y, —®, y}. Assuming the homogenization due to the sufficient repetition of such a DD
building block reveals continuous parameter for a laminate stacking, suitable for gradient-based
numerical sensitivities. Hence, an optimization strategy is presented using the DD parameterization
as design variables in order to derive an opfimized thickness and stiffness distribution, which is easy
to translate into a refined manufacturable design. Therefore, a gradient-based optimization process
is infroduced using the modular lightworks framework. The DD composite representation is
implemented to a meta-model, based on panel units, where buckling and strength criteria are
evaluated analytically. The finite-element-based solver B2000++ is used to provide infernal panel load
states. Gradients for the objective function as well as the constraints are determined with respect to
the DD parameter using finite differences. The proposed method is applied to a least weight problem
of a simple wing box, which is well known from literature. The newly implemented DD
parameterization is compared to a laminate stacking derived from a lamination parameter-based
optimization and a subsequent stacking sequence retrieval. The proposed optimization process
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provides an efficient option to obtain an optimal and feasible structural design within mono and
multidisciplinary aircraft development.

Manufacturing, development and control of a two-way 3D printed soft actuator actuated
with SMAs

Aline-lobana Acevedo-Velazquez* Zhenbi Wang, Anja Winkler, Nils Modler, Klaus R6benack
* Technische Universitat Dresden, Germany

Soft structures have been becoming relevant due to their ability to modify their properties in response
to external influences, which makes them highly versatile in fields like aerospace, biomedicine, and
robotics. Smart materials can work as sensors and actuators in order to drive, control, or support these
structures. Shape memory alloys (SMAs) are one of the most popular smart materials used for
developing soft actuators since they can change their properties when they are exposed to thermall
stimuli, producing relatively large displacements and higher force-to-weight ratios compared to
other smart materials that are used for actuation. By integrating smart materials into soft structures, it
is possible to construct soft actuators that are lightweight and flexible. This work presents the
manufacture, modeling, and control of a 3D-printed soft actuator driven by two SMAs. The soft matrix
of the actuator is designed as a highly compliant structure and 3D-printed using thermoplastic
polyurethane (TPU), with U-shaped SMA wires embedded during the 3D printing process. The soft
actuator can deform in two directions and reach different reference positions. The prototype is able
to deform in two directions in order to describe the movement a mathematical model is obtained
using the system identification technique. Due to the hysteretic behavior of SMAs and their inherent
nonlinearities, the control of SMA-driven samples remains challenging, therefore, we proposed a
control technique that ensures robustness and precision to achieve a certain posifion.

CONTINUOUS ULTRASONIC WELDING OF A THERMOPLASTIC COMPOSITE FULL-SCALE
FUSELAGE DEMONSTRATOR: FROM LABORATORY TESTING TO FULL-SCALE WELDING

M. Russello* N. Gonzdlez-Castro, S. Pintos, D. Castro
* AIMEN, Spain

Thermoplastic composites, which have the unique potfential to be recycled, reprocessed, and
welded, are the focus of a worldwide aeronautic challenge to progress toward greener and more
sustainable global transportation. Adopting more flexible and adaptive production technologies
that allow for quicker manufacturing cycles, higher environmental friendliness, and increased
productivity is a further challenge. Aiming to commit to the drastic projected increase in aircraft
production rates, the WELDER project, focused on the next-generation MultiFunctional Fuselage
Demonstrator (MFFD), has promoted the development and investigation of highly integrated and
robotized manufacturing technologies that needed to be scaled up from a laboratory to an industrial
environment.

Conftinuous ultrasonic welding, being one of these, is a promising technique for joining thermoplastic
composite structures capable of meeting the required industrial needs as it is easily robotizable, fast,
and reliable. For this reason, this study looked at the use of ultrasonic technology to weld a
thermoplastic fuselage's first complete segment.

This research aimed to validate and further investigate the temperature effect when welding thick
composite parts and understand how welding parameters such as amplitude, speed, pressure,
active cooling, welding direction, as well as, material parameters, affect the weld quality. The main
focus was given to the welding of larger components and a thermal camera system was used to
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monitor temperature evolution not only at the surface of the adherents but also at the sonotrode tip
and in correspondence with the consolidation unit. Welding investigation, including process window
identification, parameter optimization, and scale-up analysis was performed at the laboratory scale
using LM-PAEK/CF composites while the welds were characterized by visual inspection, microscopy
analysis, and mechanical testing.

Development of the technique to increase defect detection performance in multilayered
structures based on extracted features for different defect types and their comparison

Damira Smagulova* Bengisu Yilmaz, Elena Jasiuniene, Gawher Bhat, Vaidotas Cicenas, Liudas
Mazeika

* Kaunas University of Technology, Lithuania

Multilayered structures are extensively used in different industrial applications, namely in
aeronautical, automotive and marine industries. Structures bonded adhesively are more effective
than conventional bonding methods such as bolting orriveting. They have the following advantages:
overall construction weight reduction, high strength to weight ratio, homogeneous load distribution,
corrosion protection and also provides composites structural integrity. However, there is a limitation
of adhesive joints which is the complexity to predict bonding strength during structure’s lifecycle due
to the defects which can be in the adhesive. In multilayered structures bonded adhesively it is difficult
to detect bonding defects with high reliability. Therefore, reliable control of the bonding quality has
a great interest.

Non-destructive testing using ultrasonic waves became one of the most extensively used technique
for inspecting adhesively bonded joints due to their efficiency. In this work, we focused on the
ultrasonic non-destructive evaluation of adhesive integrity of multilayered structures bonded
adhesively using bulk waves and data processing algorithms. The objective of the work is to develop
the technique of bonding defects detection based on the ultrasonic features and compare
evaluation performance of each for the different bonding defects in multilayered structures.

Experimental inspection using ultrasonic waves were performed for several adhesively bonded joints
with different type of the defects in adhesive layer. Lap-joint samples of adhesively bonded materials
with delaminations and brass inclusions were investigated in this work. Pulse-echo ultrasonic
inspection with focused transducers were performed. Collected data was studied in order to
determine ultrasonic features which can be sensitive to the bonding defects. The following ultrasonic
features were extracted and analyzed: peak-to-peak amplitude, attenuation, maximum amplitude
at frequency domain, frequency at the maximum amplitude, absolute energy, and others. Ultrasonic
C-scans were demonstrated for every extracted feature for different samples with different types of
bonding defects and compared. In addition, features were extracted and studied analyzing multiple
reflections. In order to evaluate performance for each feature extracted and implemented the
defect sizing was performed using measurement technique at -6dB level.

Out-of-autoclave self-heated tooling enabling temperature homogeneity and embedded
graphene sensors - ESENSE

Vasiliki Loukodimou, Research Fellow at Brunel Composites Centre, United Kingdom

The growing demand for composite materials in aerospace due to lightweight advantages over their
metallic counterparts has given a new impetus to the development of eco-friendly, cost-effective
composite manufacturing processes. Historically, aerospace composites have been manufactured
using aufoclave processes. Although autoclaves comprise the benchmark manufacturing technique
that ensures high-quality composite components, their high costs for acquisition and operation, long
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production time and inflexible manufacturing pose serious challenges to the aerospace industry.
ESENSE aims to bring to market a more versatile and less costly, self-heated Out-of-Autoclave tooling
solution with multiple heating zones and advanced thermal management in order to eliminate the
need for costly and energy-intensive autoclaves. Two complementary niche heating fechnologies,
namely heating foil and graphene-ink heaters are infroduced and combined to optimise the heating
efficiency of the fooling and achieve temperature homogeneity even in complex shapes targeting
the manufacturing of thermoset composite parts. A novel graphene-based sensing system of the
smart tooling is established through graphene-enhanced printed pressure sensors and strain sensors
which in combination with a well-established software for monitoring and conftrol will enable easy,
reliable and fail-safe operation of the tool and ensure the component quality. Thermal and process
simulations are performed for the verification of the thermal management system. The finite element
(FE) material card is built using material properties extracted from characterisation tests of the tooling
and part component materials. As part of this study, the concept of the project and the findings of
the characterisation tests and FE analysis will be presented and discussed.

Analysis and Health Monitoring of a large-scale Wind Turbine Structure to Enhance its
Performance and Reliability

Xingguo Zhou*, Yankang Tian, Yi Qin
* University of Strathclyde, United Kingdom

This paper presents a comprehensive study on the analysis and health monitoring of a large scale
wind turbine structure, with a focus on enhancing its performance and reliability. As wind energy
continues fo gain prominence as a sustainable power source, the design and maintenance of large-
scale wind turbines have become increasingly critical. This research addresses the challenges
associated with structural integrity and health monitoring of a large-scale wind turbine, making
valuable contributions to the advancement of wind turbine technology in the context of aviation
and space exploration.

The study encompasses a detailed analysis of the structural behaviour of the wind turbine under
varying operational conditions. Advanced Finite Element Analysis (FEA) techniques fully coupled with
Computational Fluid Dynamics (CFD) are employed to accurately model the complex interactions
between the structural components and external forces, such as wind loads and dynamic effects.
Through comprehensive simulations, the structural perfformance and load-carrying capacity of the
wind turbine are evaluated, providing valuable insights into its design optimization.

Moreover, a comprehensive health monitoring system is developed and integrated info the wind
turbine structure. This system utilizes various sensors and data acquisition techniques to contfinuously
monitor key parameters, including strain, vibration, temperature, and fatigue loading. The collected
data can be processed and analysed using advanced signal processing and machine learning
algorithms, enabling the detection of structural anomalies, early identification of potential faults, and
prediction of remaining useful life.

To validate the effectiveness of the proposed methodology, a scaled prototype of the wind turbine
is instrumented and subjected to lab testing. The results demonstrate the capability of the health
monitoring system to detect and diagnose various structural defects, such as cracks, deformations,
and component failures. This real-time monitoring approach provides crucial information for
decision-making processes regarding maintenance scheduling, repair strategies, and overall turbine
performance optimization.

The findings of this research contribute to the field of wind turbine technology in the context of
aviation and space exploration by offering a comprehensive analysis and health monitoring
approach for large-scale wind furbine structures. By ensuring the structural integrity and reliability of
the wind turbine, the proposed methodology enhances its performance, reduces downtime, and
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minimizes maintenance costs. This work further reinforces the viability and sustainability of wind
energy as a reliable source of renewable power, opening new horizons for its integration in aviation
and space applications.

A cloud infrastructure for enabling provision of the Material Testing as a Service (MTaa$S)

Song Yang* Manaf Al-Ahmad, Andrew Lynn, Yi Qin
* University of Strathclyde, United Kingdom

The concept of ‘cloud manufacturing’ has been well developed in recent years with great
commercial interests, by linking it to loT and Industry 4.0. Following an intensive review of ‘cloud
manufacturing’, much effort has been dedicated in the areas of manufacturing resources,
capabilities and services, as well as in developing cloud manufacturing software tools and platforms.
However, managing the information flow and coordinating the interactions between the customers
and the different manufacturers and suppliers of a supply chain are still significantly limited. To better
allow for the customisation of material/structure requirements and achieve higher effectiveness and
efficiency of the service provision by an enterprise, the concept of ‘customer-centric integrated
service provision platform (ISPP)’ was developed acting as a single platform cloud infrastructure. This
virtual enterprise integrates information and tools for ‘Customer Relationship Management’, ‘Supply
Chain Management’ and ‘Enterprise Resources Planning’.

Following this strategic consideration, MTaasS platform was planned to implement ‘Material testing as
a Service' principle to drive distributed, collaborative and innovative service provision management
as well as to enable interactions with customers and supply chains. Aeronautic industry is a complex
area which relies on deep collaboration from a large number of partners of different backgrounds.
In this way MTaaS will be acting as a service management cloud infrastructure which integrates all
relevant CRM, SCM and ERP elements for a virtual enterprise and also deals with marketing and sales,
based on the business model by the partner sites.

MTaaS platform includes a front-end interface as a web portal for the customers and a back-end
system for internal uses such as administrator, assigned technical experts and representatives from
collaborative partners. The web-portal is accessible by a customer providing interfaces for products,
services, facility uses and consultancy customisation, orders and sales management, as well as
business promotion mechanisms. Besides, an internal service management system (defined as the
platform back-end) is developed for registration, verification, composition, provision and monitoring
of material design/testing and consulting services, as well as optimisation of the supply chains. In
addifion, the back-end also provides data analysis, knowledge-base and expert involvement in
decision-making for service provisions. In this way a special connection among the relative partners
involved and customers is established.

The effort made to create the prototype cloud infrastructure has considered the integration of all
product, service and customer related informatfion into a single platform, and it also includes
necessary operation related data such as project data, inventory data and supply chain data. The
developed platform can be deployed for a wide range of service provisions, product sales, facility
uses as well as general consultancies, since it is scalable and reconfigurable, while data security
could be secured.

Heating methods and applications in sheet metal forming - A review and outlook of future
application potential in aerospace

Jie Zhao* Bo Chen, Yi Qin
* University of Strathclyde, United Kingdom
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Warm/hot Sheet metal heating plays a vital role in shaping complex components in various
industrials, including aerospace, automotive, where the demand for quality, lightweight and durable
components are high. Infegration of heating methods into the sheet metal forming process have
demonstrated great promise in achieving superior formability and enhanced mechanical properties.
To meet the evolving demands of manufacturing techniques, novel approaches are required to
enhance production efficiency, precision, while concurmrently reducing energy consumption and
overall costs. This review aims to provide an overview of heating methods employed in sheet metal
forming, examining the current practices, challenges, potential applications and opportunities for
improvement.

The review begins by discussing the different types of heating methods, including furnace heating,
induction heating, resistance heating, contact heating are discussed in terms of their heafing
mechanisms, process parameters, their effects on material behaviour during forming. Case studies
are presented to showcase these heating fechniques and their integration into the production line.

Furthermore, the advantages and limitations of each method are analysed, considering factors such
as heating efficiency, temperature control, heating uniformity, energy consumption, etc. The impact
of heating methods on the formability of advanced materials, including fitanium alloys and
aluminum dalloys, is also explored to highlight the adaptability of heating techniques to different
mafterials.

Looking towards the future, the review provides recommendations on the potential application and
further improvement in the current practice. The integration of advanced process control strategies,
such as closed-loop feedback systems and real-time temperature monitoring, holds significant
promise for further enhancing the performance and reliability of hot forming processes. Additionally,
the integration of predictive modelling and simulation tools can aid in optimising heating parameters
and predicting material behaviour during forming, leading to more efficient and effective processes.

Digital twin and machine learning for optimising an injection moulding process and
enhancing part quality

Manaf Al-Ahmad* Song Yang, Yankang Tian, George Zichnalis, Jian Gao, Yi Qin
* University of Strathclyde, United Kingdom

Plastic has many specifications and features such as mouldability, ease of productionin complicated
geometries, lightweight, and low cost. these features made plastic parts involved in the most
industrial sector on a global scale like the medical, aerospace, electric and electronics industrial
sectors. The demand for moulded parts is expected to acquire a 45% rise by 2030 where the
production had increased to reach 390.7 MTs in 2022 compared to 365.5 MT in 2018(1).

The quality of moulded parts is considered critical in terms of rapid production, product life cycle,
and cost. So, quality monitoring and control remain a challenge during the production process,
especially due to the complex geometric of moulded parts and the unique design of each mould
which directly affects quality and productivity. based on the above, understanding the multitude of
variables that influence part quality is extremely important.

This study aims to explore the potential of machine learning techniques that allow building a model
based on the acquired process data in terms of predicting the quality of moulded products. A set of
sensors are installed on the machine and mould units, while the data acquisition system is used to
acquire information on different process variables and vast quantities of data are collected in real-
time. Moldex3D is utilised to design and simulate the moulding process in the virtual environment.
numerical simulations combined with the design-of-experiment (DOE) technique are applied to
investigate the influence of process conditions and part weight and thickness on the moulded part
quality. A digital representation (Digital twin) is applied to allow comparing data coming from both
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the physical environment and virtual space and processing it. ML model is developed to enable
continuous learning and predict part's quality and production process efficiency aspects that require
labelled data.

Utilization of topology optimization and 3D DMLS printing in the general aviation aircraft
design process

Mariusz Kowalski*, Barttomiej Goliszek, Tomasz Antoniewski
* Warsaw University of Technology, Poland

This work presents the opportunities and potential benefits that can be achieved through the use of
new technologies, both in terms of design and manufacturing, of a modern general aviation aircraft.
The AT-P Aviation company deals with the design and production of new generation aircraft,
distinguished by an above-average level of safety. The company, cooperating at many stages of
the project with leading scientific units, reaches for the state-of-the-art achievements of science and
technology, striving to obtain a structure that stands out on a global scale, both in terms of
performance and applied technological solutions. Specialists from the Warsaw University of
Technology supported the company both atf the stage of conceptual and aerodynamic design, as
well as in the process of detailed design of structures and mechanisms.

Topology optimization as well as generative design have proven their usefulness in the process of
designing light and durable components applicable in various industries. Topology optimization (TO)
is a mathematical method that optimizes the layout of materials in a defined design space, for a
given set of loads, boundary conditions, and constraints o maximize system performance. One of
the biggest challenges in aviation is to ensure the proper strength and rigidity of the components
while minimizing its mass. Generative design and topological optimization approaches are used with
promising results in the aerospace industry by both small innovative companies and the largest
manufacturers.

This paper describes the process of replacing a mechanical component designed and
manufactured using conventional methods with a part designed using fopology optimization. The
approach enabled a significant reduction in weight while maintaining adequate stiffness and
strength, which was verified in a static test. The organic shapes that are usually obtained in the
tfopology optimization process often exclude using conventional production methods such as milling,
turning, etc. 3D printing technology is most often the solution for those problems. Due to the stringent
strength requirements, DMLS printing technology was used, in which metal powders are the building
material. When using this technology, the shape of the part is not a technological limitation anymore.
The paper presents the advantages and disadvantages of using topological optimization and 3D
printing in general aviation, based on an example of a selected mechanical component.

Air Traffic Management (ATM) and Airports
Prof. Octavian Pleter (University Politehnica of Bucharest)

Flight trajectories optimization for warming contrail avoidance

Feijia Yin* Wessel Kruin, Federica Castino, Volker Grewe, Klaus Gierens, Malte Niklass, Alexander
Cress, Phillippe Keckhut, Teodora Petrisor, Antoine Berthier, Sigrun Matthes, Simon Blakey

* Delft University of Technology, Netherlands
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Aviation conftributes to about 3.5% of the total anthropogenic climate change when including non-
COz effects (Lee et al. 2021). Among non-COz effects, the conftrail-cirrus radiative forcing is the largest
(~2/3) with large uncertainties. The most critical affecting factor is the huge weather-induced
variability of the radiative impact of individual contrails. The previous research demonstrated the
potential of largely avoiding confrail formation with a limited increase of flight time (<2%) over a
subset of transatlantic flights (Yin et al. 2018). Nevertheless, the large uncertainties of contrail effects
impose challenges on formulating adequate mitigation measures. The Horizon Europe funded
project BeCoM (https://www.becom-project.eu) aims to improve confidence in forecasting
persistent contrail formation, hence enabling a large reduction in the global mean contrail radiative
forcing. This is facilitated by a confidently forecast of Ice superstation regions (ISSRs), the reduced
weather-dependent individual contrail radiative effects, and the successful avoidance of strongly
warming conftrails via trajectory optimization.

This research, as a part of BeCoM project, focuses on the climate-optimized flight trajectories for
warming contrail avoidance. As the first step, we analyze the daytime and nighttime contrail climate
impact of eco-efficient flight trajectories, using an air traffic simulator (AirTraf, Yamashita et al. 2020)
based on a selected set of European traffic samples. By artificially eliminating the cooling contrail
during the postprocessing, we observed that the mitigation potential in the daytime is mostly driven
by the cooling contrail, which requires a closure analysis given the large uncertainties in weather
predictions. Nevertheless, as further steps, we plan to: (1) implement the revised ISSRs conditions from
BeCoM project, (2) optimize flight trajectories to avoid warming conftrails, (3) analyze the potential
mitigation gain of aviation's climate impact. The expected results will provide insights infto how the
forecast of ISSRs affects the flight routings for contrail avoidance and allow us fo identify the
mitigation potentials of contrail climate effects.

Implementing and testing a U-space system: lessons learnt
Miguel-Angel Fas-Millan, DLR, Germany

Within the framework of the European Union's Horizon 2020 research and innovation program, one
of the main goals in the LABYRINTH project was to develop and test path planning algorithms to
calculate 4D deconflicted and optimized frajectories for drones. These algorithms were addressed
to support the Strategic and Tactical Conflict Resolution services of a U-space-based Unmanned
Traffic Management (UTM) system. DLR was responsible in the project for the implementation of that
UTM system. The U-space ConOps provides a high-level description of the architecture, requirements
and functionalities of these systems, but the implementer has certain degree of freedom in aspects
like the technologies used or some policies and procedures. The current document describes those
implementation decisions. The U-space prototype included, at least in a basic version, part of the
services required by the ConOps for a type Z airspace volume U3 level implementation, concretely:
e-identification, Tracking, Geo-awareness, Drone Aeronautical Information Management, Geo-
fence provision, Operation plan preparation/optimization, Operation Plan processing, Strategic
Conflict Resolution, Tactical Conflict Resolution, Emergency Management, Monitoring, Traffic
Information and Legal Recording. Besides, a webapp was developed to serve as interface between
operator/pilot and UTM. The system was tested in real flights with final users interested in incorporating
drones to support their activities. The tests included multi-rotor and fixed-wing drones, with up to the
three drones per mission. Simulations were also run to check the performance of the system under
more demanding scenarios. The exercises allowed to identify needs at different levels: functionalities,
procedures, information, usability, or GCS integration and roles during the mission.

ATM strategies for, and impacts of, space launches

Nick Robson, Andrew Cook, Tatjana Bolic*
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This paper explores the increasing intersection between the aviation, air traffic management (ATM)
and space communities, regarding the rapid growth of national space launch ambitions and
capabilities, delivering satellites into low-earth and sun-synchronous orbits. With vertical and
horizontal delivery methods, and numerous locations under consideration in several continents, the
industry has faced early challenges, such as failed launches and licencing timescales. This paper
infroduces the background and principles of space launches, before addressing the particular
impacts on aviation and ATM. The strategic challenges of planning launch windows to align both
with orbiting asset congestion and ATM demands, plus promulgating such information to airspace
users, is discussed. In the tactical phase, the consequences of impacts on airspace users (such as the
re-routing of flights) and on air navigation service providers (such as the demands of coordinating
airspace closures in the context of considerable re-entry/splashdown uncertainty) are examined in
some detail. In particular, the cost impacts on aviation are considered, exploring a specific case
study and the challenges of designing a generic cost assessment model.

ATM towards the adoption of a passenger-centric approach

Slavica Dozié, Danica Babic, Ismini Stroumpou, Franck Dumortier, Josep Lluis Larriba Pey

Including air fransport in seamless door-to-door (D2D) travelling is a new trend in the transport industry
which comes along with the extension of the Mobility as a Service paradigm and single ticketing
concepts, taking them to a different level. This tendency is considered in the SYN+AIR [Synergies
between fransport modes and Air tfransportafion (SYN+AIR) project under grant agreement No.
894116, funded by SESAR Joint Undertaking] and SIGN-AIR [implemented Synergles, data sharing
contracts and Goals between transport modes and AIR transportation (SIGN-AIR) project under grant
agreement No. 101114845, funded by SESAR Joint Undertaking] projects which aim to infroduce and
conceptualize a new business model aligned with EU policies.

Currently, Air Traffic Management (ATM) follows a conventional Air Traffic Control with sectorization.
The tendency is to change this to a flight-centric structure based on the controller’s responsibility for
a certain number of aircraft within a given airspace. Further, to bring the maximum benefits from
covering air fravel D2D and involving all stakeholders, ATM will need to shift to highly resilient and
efficient network operations, passenger-centric and full collaboration with numerous actors.
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To achieve all the above-mentioned, five aspects of integration need to be addressed, i.e., physical
(infrastructural), network, price, information and institutional integration. With the use of Smart
Conftract Framework (SCF) the network, information and institutional integration could be enabled.
SCF sets common goals for data sharing between Transport Service Providers (TSPs). These goals are
facilitated by an extensive analysis of the relevant stakeholders’ activities and the data generated
per transport mode in various mulfimodal chains (e.g., frain-airplane-bus, faxi-airplane-metro, etc.).
SCF paves the way for the creation of contracts among TSPs of different fransport modes by allowing
the management of these agreements centrally while handling the appropriate data in a
decenftralized manner. More precisely, in our model, "*Contracts” are agreements between TSPs that
define data sharing criteria [scope, parties’ obligations (i.e., revenue and responsibility sharing),
contracts’ fime span and fulfilment criterial.

This paper aims to present the structure and the main elements of the platform that supports
multimodal services through data sharing while considering applicable EU policies and regulations.
All the stakeholders involved in this system will benefit: 1) TSPs will have a monitoring dashboard to
manage and follow their smart contracts, 2) travellers will have a single information platform
concerning all stages of the multimodal journey, 3) fransport authorities and local community will
have data on origin-destination matrices, moves of the population, etc. Special focus will be given
to a passenger-centric vision of ATM, as an infegrated part of the multimodal transport system, that
should make possible a better accommodation of airlines requirements with respect to a given flight.
Also, it will be explained how to provide a more collaborative decision-making environment in the
case of disruptions that should lead to lessening the flight delays in the future.

Fuel consumption behaviour in aggregated air traffic metrics

Clara Argerich Martin*, Rodrigo Alvarez Lorenzo, Gustavo Alonso, Arturo Benito
* Airbus, Spain

According to Our World in Data aviation accounts for 2.5% of global carbon dioxide, CO2, emissions
,thus making decarbonisation a main topic for the aviation industry. In order to be able to gain
knowledge on emissions the first step is to be able to measure them. Focusing on CO2, which is the
emission currently targeted by market-based measures tackling the carbon emissions such as
CORSIA (Carbon Offsetting and Reduction Scheme for International Aviation), the common
approach is to estimate it as a linear relationship with the consumed fuel. A correlation factor
between 3.15 and 3.16 has been validated by the scientific community.

Currently there exist a wide variety of models that can be used to assess the fuel consumption of a
single flight, from conventional models based on physics and flight performance to more innovative
ones based on avant-garde techniques such as artificial intelligence. However, the quality of the fuel
consumption estimated by these models usually relies strongly on the quality of data available. In
other words, the more information available of a flight, the better estimation of the consumed fuel,
and therein, carbon dioxide emissions. As consumed fuel is impacted by a wide variety of features,
such as aircraft type, engine family, meteorological conditions, flight path, etc, the more information
available, the more accurate the estimations will be.

However, having access fo such granulated data is not always frivial and, moreover, the
computational cost that could be derived from assembling data coming from different agents in the
aviation field (airports, airlines, manufacturers, meteorological stations), plus the processing of the
data and afterwards the computation of a refined fuel consumption model will be very high. In the
work presented here an extensive analysis on how consumed fuel and carbon dioxide emissions
estimations could be made with a limited access to information is performed. Moreover, the aim is
to be able to prove that for aggregated metrics, that being a set of flights and not a single flight, the
consumed fuel can be easily estimated thus helping accounting for the dioxide carbon emissions
that are produced at a global level.
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Sizing of Airport Infrastructures in Support to Hydrogen-Powered Fleets

A. Filoni*, Sirtori G., Trainelli L., G. Riboldi C. E. D., Khan Y. M.
* Politecnico di Milano, Italy

As the interest in hydrogen as an energy source for future aircraft is boosting worldwide, numerous
studies are being pursued to envisage airframes designed fo accommodate innovative propulsion
systems, based on fuel-cells or turboengines. The impact of such a radical fransformation on the
whole civil aviation system cannot be understated, starfing with the radical transformation of
infrastructural requirements. As a conftribution to solving this problem, the present paper presents the
AHRES (Airport Hydrogen Refuelling Equipment Sizing) methodology focused on the sizing of airport
infrastructures in support of H2-powered commercial fleets.

AHRES application provides an estimate of the required infrastructural needs based on the
knowledge of the airport’s flight schedule and the characteristics of the operating aircraft. The latter
are retrieved by applying the HYPERION airplane preliminary sizing tool, which outputs candidate
design solutions for H2-powered aircraft, thus delivering the corresponding hydrogen quantities to be
loaded on board for any mission of interest. With these data, AHRES defines an optimal solution to
the sizing of the complex airport equipment, including the hydrogen generator (for on-site
production), the liquefier, the storage tank, and the dispensing units. Optimality is based on
minimizing the fotal cost, comprised of the procurement of all equipment items and the energy
purchased from the grid. The output is the sizing of each item, supplemented by the optimal time
scheduling of production, storage, and delivery operations. This eventually provides the cost of H2
per unit mass “at the pump”, a decisive piece of information for the overall feasibility of the hydrogen
revolution. Application studies are illustrated, including the reconfiguration of two existing
aerodromes, a large regional airport and a major international hub. For the Athens International
Airport (ICAO code: LGAV), we restricted to the needs to support a regional fleet composed of fuel-
cell-powered aircraft. For a possible realistic scenario, Figure 1 shows the fime histories of the
hydrogen mass stored in the cryogenic tank (H2 in ST) and the delivered to the airplanes (H2 to DU),
supplemented by the airport’s flight schedule (Departures). The case of the Malpensa International
Airport (LIMC) is also discussed, with results related to H2-burning airliners.

The Carbon Conundrum of Military Aviation: Navigating the Dilemma between Operational
Efficacy and Environmental Accountability

Gabor Horvath, National University of Public Service, Hungary

As the global community intensifies its efforts to combat climate change, the question of how military
aviation and air traffic management should prioritize its focus between operational effectiveness
and environmental sustainability is gaining increased prominence. This abstract delves info the
controversial proposition that military aviation experts and advisors should place greater emphasis
on refining procedures, techniques, and equipment to enhance combat capabilities against
opposing forces, while potentially diverting attention away from addressing environmental issues. As
an advocate of this stance, the author of this paper contends that the contribution of military
aviation’s carbon footprint is comparatively limited vis-a-vis other sectors or civilian aviation.

The recent commitment by NATO, where Secretary-General Jens Stoltenberg unveiled ambitious
targets to achieve carbon neutrality by 2050 , lends context fo this discourse. This development might
underscore the alliance's acknowledgement of the imperative to address environmental concerns.
Nevertheless, the author argues in favor of operational efficacy, asserting that military aviation's
carbon footprint represents a tiny fraction of global emissions, diminishing its significance within the
broader framework of ambitious climate objectives.
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A central argument favoring a greater focus on operational efficacy lies in the necessity to uphold
air and space supremacy. In a landscape where adversaries prioritize lethal capabilities over
environmental considerations, another key defense policymaker emphasized the importance of
reducing the air force’s role in conftributing fo climate change . Consequently, it implies the need to
allocate a significant portion of the defense budget and valuable human resources towards the
adoption and implementation of green technologies within NATO allied air forces. Dedicating
substantial resources to environmental issues within military aviation and air traffic management may
divert attention and funding from vital defense priorities. By refining procedures, fechniques, and
equipment, the air force can fortify its capacity fo execute missions effectively, thereby ensuring the
safety and security of nations indirectly supporting broader sustainability endeavors.

The objective of the article is to initiate a discourse on the contentfion that military aviation experts
and advisors should assign precedence to operational efficacy over environmental concerns,
emanating from the relatively minor role (military) aviation plays in global greenhouse gas emissions.
Then the paper describes how to aim for a rationalized balance between operational requirements
and environmental responsibility which reflects the net-percentage conftribution of military aviation
fo emissions. Finally, the article infroduces a framework of methods and possible solutions from the
standpoint of fraffic management for achieving an equilibrium that harmonizes air force imperatives
with a sustainable future.

Study on the Transition to True North in Air Navigation

Octavian Thor Pleter*, Cristian Emil Constantinescu
* University Politehnica of Bucharest, Romania

The paper is an infroductory study on the possible fransition from Magnetic North reference to True
North reference in air navigation, as envisaged by the International Association of Institutes of
Navigation's AHRTAG Group. The use of the Magnetic Field of the Earth as a direction reference in
aviation is explained briefly. Magnetic North is an unstable and irregular directional reference that
aviation manages well, but with significant costs. The unpredictability and uncertainties of the
Magnetic Field of the Earth might be exaggerated in the future, especially in the case of reversal of
the magnetic poles, or incipient reversal. The paper puts forward the case for calculating the
probability of such a catastrophic event, with a view to engaging further expert research in the
geomagnetic phenomena. The purpose of such a probability estimate would be for the aviation
decision makers to determine whether confingency planning might be required or not. Furthermore,
the paper analyses the adoption of True North in maritime navigation as a possible model.

Flexible Airspace Solutions in Free Route and “New Normal” defence posture environment

Attila PAULOV*, Vilmos SOMOSI
* HungaroConfrol, Hungary

Post COVID-19 economic (air tfraffic) recovery and expansion of (sub)regional Free Route Airspaces
are paving the way for new optimized civil flight trajectories and encouraging Air Navigation Service
Providers to reconsider their sector configurations which have been squeezed mostly into Flight
Information Regions.

The need for broader cross-border sectorization (static and dynamic ATS delegation) is on the horizon
and these changes consequently impact on the legacy civil-military arangements such as airspace
control and air traffic management. The optimized flight trajectories and new sector configurations
will also initiate discussion between civil and military stakeholders to revise military airspace structures
and find solutions for an enhanced flexible use of airspace. However, the need for improving civil-
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military collaboration and redesigning national airspace structures, especially military airspace
reservations, is getting vital in light of the crucially changed European deterrence and defence
environment. The European NATO Allies and their partners have starfed to address aqirspace
requirements for NATO deterrence and assurance activities in order to support the strengthened
deterrence and defence posture and ensure that frainings, exercises and missions take place utilising
high-intensity, large formation warfighting capabilities in complex scenarios. The already recognized
need for larger volumes of military airspaces in a legally peacetime environment could pose some
constraints in Europe, given the current airspace structure and dimension of some national airspace.
Obviously, solutions shall be explored with full engagement of civil and military stakeholders, and any
change in airspace structure should embrace the Flexible Use of Airspace concept to minimize
impact on civil aviation network.

The purpose of the article is fo infroduce evolution of the Free Route Airspaces and present the
legacy and ad-hoc military airspaces established in the Eastern-European region. Then the paper
describes the Flexible Use of Airspace principles and the reasons of extensive airspace reservations
in "New Normal” defence and deterrence situation. Finally, the arficle infroduces methods and
possible solutions for modular, flexible and dynamic military airspace structures that can support both
military and civil needs.

Assessing the Risk of Uncontrolled Space Debris Reentry: A Case for Airspace Management
and Flight Safety

Irina Beatrice Stefanescu, Cristian Emil Constantinescu® Octavian Thor Pleter
* University POLITEHNICA of Bucharest, Romania

In this paper, we explore the risks associated with uncontrolled space debris reentry and ifs
implications for airspace management and flight safety. With the increasing number of satellites and
other objects being launched into space, and the older existing space objects, the potential for
uncontrolled reentry events poses a unique challenge for airspace management and public safety.
While there have been no recorded instances of aircraft damage or human injury due to reentering
space debris (but there were material damages on ground), the increasing frequency of such events
necessitates a comprehensive understanding of the associated risks and appropriate mitigation
strategies. We briefly examine the current methods for tracking and predicting space debris reentry,
concentrating on the decision-making process for airspace closures, and the risk assessment for
ground airborne safety. Our analysis aims at contributing to the ongoing dialogue on space debris
management and to inform future policy and operational decisions in the context of civil aviation
and public safety.

Obsolescence in Aviation Systems of Systems with Applications in ATM

Octavian Thor Pleter*, Cristian Emil Constantinescu
* University Politehnica of Bucharest, Romania

Systems-of-Systems theory is enlarging the perspective that engineers have on the objects of their
work. Previously, efforts were focused at the system level, and by managing system inputfs and
outputs, all interactions between systems were thought to be addressed. With age, a system-of-
systems designed individually at different moments in time will degrade as an overall fitness o
purpose, will grow a certain degree of obsolescence. In aviation this is most evident, since systems
invented and put in place 60 years ago are still operating. The assumptions made originally when the
system was created became obsolete, gradually orin quantum leaps. This paper uses examples from
air navigation to illustrate that the fitness for purpose for an individual system does change with the
passing of time and with the changes of the environment the system is working in. The first fime a
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system is established as an industry standard, its first design, its first architecture is presumably best
fitting the requirements, the specifications. Although these specifications of the system do not
change in time, the fitness to the purpose does change and usually decays. This is only obvious at a
systems-of-systems analysis, done for the system now part of a system-of-systems. The paper studies
the following cases of obsolescence with impact on Air Traffic Management: Radar Altimeters, ILS
Glide Slope intercept from above, Continuous Descent Approach effects on furbine engines, and
evolution of SSR transponder utility.

On safe separation of aircraft flying along air corridors

Luis Campos* Joaquim Marques
* CCTAE, IDMEC, Portugal

Mid-Air Collision (MAC) is an aviation accident category defined as a collision while both aircraft are
in flight. MAC is an extremely rare event but when it occurs, it has catastrophic consequences. To
prevent aviation accidents like MACs, ICAO (International Civil Aviation Organization) has
established a Target Level of Safety (TLS) stating a probability of collision not exceeding SE-9 per flight
hour. The current procedures are based on empirical separation rules that are deemed “safe
enough” on the basis of extensive experience over many year worldwide. This begs several questions:
(i) Is the ICAO TLS met by current separation rules? If so, what level of position accuracy is implicitly
assumedze, (i) At the current level of position accuracy can the probability of collision exceed the
ICAO TLS? In this case the separation should be increased.

The present paper addresses the application of collision probabilities to address the trade-off
between (i) safety or collision probability, (i) separation or airspace capacity, and (iii) position or
navigation accuracy. The scenario considered is aircraft flying on air corridors at equal velocity and
in the same direction along parallel tracks. In this case, the average crossing rate is zero, because it
is proportional to the difference in speed errors. This method applies both for aircraft: (i) whose relative
velocity is zero, e.g., flying along air corridors with the same velocity and direction, (i) whose relative
velocity is not zero, e.g., flying along air corridors in opposite directions, or crossing or climbing and
descending.

The method is used to obtain three safety metrics: (a) the maximum of the joint probability density of
coincidence, (b) the one-dimensional marginal probability of coincidence, (c) the three-
dimensional cumulative probability of coincidence. The theory applies to (i) altitude, and (ii) along
and (iii) across track separations or any combination of them. It is illustrated by the cases of standard
and reduced vertical separations. The comparison is made with the ICAO TLS standard and its
analogues in Table 1.

The model of collision risk along flight corridors was applied to (i) vertical separation, since the benefits
of Reduction of Vertical Separation Minima (RVSM) are very well known and documented. The model
also applies to (ii) lateral separation for flights on parallel tracks at the same flight level and also o
(i) longitudinal separation for aircraft flying along the same path. A very effective method to
significantly reduce collision risk is fo use simultaneously two or three separations (i) in altitude, (i)
lateral, and/or (i) along track. The methods presented can be applied to (a) all three separations
individually or (b) any combination of two or (c) all three together, if they are statistically
independent, the product of probabilities applies, and if not, correlation functions must be used.
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Quantity Unit Standard Reduced
Vertical separation ft Lz = 2000 Ly = 1000
r.m.s. altitude error ft Ta = 180 Ty =90
Dne—dlmen_sm!ml marg}nal probability of (NM)-! P, = 150 x 10-12 Ty = 3.00 x 1012
coincidence with A =1
Maximum velocity to meet the ICAO TLS kt Vo < 35— =333 x 10° Vi < —:— =1.67 x 10°
Probability of coincidence in a great circle tour of B R, <P,D < 3.24 x 10-8 R, <TpD < 648 x 10-5
the earth
rm.s. altitude error ft Tma = 160 Ty = 80
Probability density Kfc=011n/c13dence with A =3 or (NM) 2 Poa = 166 x 10714 Py = 6.40 x 107
Maximum velocity to meet the ICAO TLS (50a) - Vina < Vﬁ:r: =548 % 10? Vb = \f% =279 x 10°
Probability of comcul:lsen;i:;a great circle tour of B Xy = PpgD? = 774 x 10-6 Xy = PypD? = 2.99 x 105
r.m.s. altitude error ft g = 400 oy =200
Cumulative probability of coincidence with A = 9 NM - 5
orA = 1/9 s Py =217 » 107 Py =1.09 % 10~
Maximum velocity to meet the ICAO TLS (49b) - Ve < Po/5 =434 x10° Vp < Pp/S5 =217 x 10°

Aerodynamic Analysis and Design
Prof Jerzy Zoltak (ILOT)

Cavity noise reduction with sweeping actuators

Abderrahmane BELKALLOCH?*, Laurent DALA
*|AES, Algeria

Cavity noise is a significant problem in the aviation industry, particularly in the design and operation
of aircraft. Cavity noise occurs when airflow separates from a surface and creates vortices within a
cavity, which then generate noise. In the case of airplanes, the cavity noise is typically generated in
areas such as the landing gear bays, engine nacelles, and wing flaps. This noise can be not only
annoying and uncomfortable for passengers and crew, but it can also affect the structural integrity
of the aircraft. Furthermore, noise pollution is a major concern for communities surrounding airports,
and the reduction of cavity noise is an important factor in mitigating this issue. Therefore, the need
for effective cavity noise conftrol solutions is crucial for the aviation industry.

Sweeping jet actuators (SJAs) have shown great potential as a solution to reducing cavity noise in
the aviation industry. SJAs are devices that emit high-speed jets of air that sweeps back and forth
across the surface at a high frequency, to confrol and manipulate the airflow around an object. In
the context of cavity noise reduction, SJAs can be used to prevent the formation of vortices within a
cavity by controlling the airflow and reducing turbulence.

The trailing edge of the cavity is a particularly important location for SJIA application as it is where
the flow separation occurs and generates most of the noise. By applying SJAs at the trailing edge,
the turbulent flow can be confrolled, and the noise generated by the cavity can be reduced.
Sweeping jet actuators have shown great potentfial as a solution to cavity noise reduction,
particularly in the trailing edge of the cavity. Their ability to conftrol turbulence and reduce noise
across a range of Mach numbers makes them a versatile and effective solution to this challenging
problem. With further research and development, SJAs may become a standard featfure in the
design of aircraft and other vehicles, providing a quieter and more comfortable environment for
passengers and crew.

Book of Abstracts
Page 38



SEPTE??? 13th EASN International Conference
VBER

2023 on Innovation in Aviation and Space
Salerno, Italy for opening New Horizons

L1 Adaptive Controller Design for a Tail Fin Controlled Fixed-Wing Unmanned Aerial Vehicle

Alican DEMIRLI*, Prof. Dr. ilker Murat KOG, Asst. Prof. Dr. Burak KURKCU
* ASELSAN A.S., Turkey

The aim of this study is to design an L1 adaptive controller, which is one of the robust control methods
that can overcome model uncertainties, disturbances, and noise, for a fixed-wing unmanned aerial
vehicle (UAV) with tail fin conftrol. In this context, first of all, the decoupled equations of motion of the
six-degrees-of-freedom system are derived for the roll, pitch, and yaw channels of the UAV. Then, the
performance of the controller is demonstrated by simulation results for the linearized system
representation. By adding parameter errors to the system in question, the feature of fracking the
given angle commands is analyzed. It has been observed that the L1 adaptive conftrol structure
exhibits rapid adaptation even in the presence of system uncertainties. Finally, the controller is
applied to the nonlinear system and operated throughout the entire flight envelope.

A UAV is an aircraft without any human driver or passenger on board, and it can be remotely
controlled, flown partially autonomously, or flown autonomously. The dynamics of a UAV constantly
change during the flight of the UAV. The relatively small structure of UAVs makes them difficult to
control under disturbances such as wind and noise, and the systems may become unstable. In
addition, unmodeled system dynamics can also destabilize the UAV. For all these reasons, a robust
control structure design that will keep the UAV stable during its flight becomes essential.

To achieve this, various autopilot strategies providing stable flight for a large flight envelope are
proposed, including a gain-scheduled autopilot design, an adaptive autopilot design, an He-based
switching control strategy, and model predictive conftrol for attitude tracking.

Another remarkable design strategy for a flight control system is L1 adaptive control. In recent studies,
the L adaptive conftrol structure has been applied to various types of UAVs, such as tandem rotor
UAV, tailless flying-wing aircraft, and ducted propeller UAV. In these works, it has been observed that
the control method exhibits fast adaptation and robustness despite unknown uncertainties and
external disturbances that change over time.

In this study, a complete guideline for L1 adaptive confrol is presented to validate the method for a
no-thrust UAV system that lacks a wind sensor. The theoretical results are successfully implemented in
a full-order nonlinear model considering uncertainties and disturbances. The resulfs reveal good
fracking performance as well as satisfying robust stability for a large flight envelope.
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Figure 2: The tail fins of the UAV.

Figure 1: Model of the UAV.
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EXPERIMENTAL STUDIES OF INFLUENCE OF GROUND EFFECT ON AIRLINER AERODYNAMIC
CHARACTERISTICS

Andrzej Krzysiak* Robert Placek, Aleksander Olejnik and tukasz Kiszkowiak
* tukasiewicz Research Network — Institute of Aviation, Poland

Book of Abstracts
Page 40



SEPTE?&? 13th EASN International Conference
V] 4

2023 on Innovation in Aviation and Space
Salerno, Italy for opening New Horizons

Aerodynamic properties of an aircraft are defined by a set of aerodynamic forces and moments
coefficients, the values of which depend on different aircraft flight phases and thus its different
configurations (i.e. take off, cruise and landing configurations). The position of the aircraft relative to
undisturbed flow (angle of attack, sideslip angle and roll angle), and in some cases also the flight
speed habve a significant impact on the values of these coefficients. In the scientific literature on
aviation, there are many publications presenting the aerodynamic coefficients as a function of
angles of attack, sideslip or roll angles. In the majority, these data are related to undisturbed flow,
i.e., flow unaffected by other objects or limitations. During an aircraft take-off or landing, the proximity
of the ground causes that aerodynamic characteristics take slightly different values than in
undisturbed flow.

The paper presents the results of experimental wind funnel tests of the basic aerodynamic
characteristics of the Tu-154M aircraft model with ground effect simulation by placing a flat plate
under the aircraft model af distances of h =0.53 m and h = 1.31 m from the fuselage axis (measured
at the model angle of attack a = 00). These coefficients being influenced by the ground effect were
compared with the test results of the Tu-154M aircraft model obtained in the undisturbed flow
conditions.

Wind tunnel tests were carried out in the tukasiewicz Research Network — Institute of Aviation wind
tunnel T-3 (with a 5 m diameter test section) using the aircraft model at the 1:14 scale. The tests were
performed at the V¥ = 40 m/s, which corresponds to the Reynolds number (related to the mean
aerodynamic chord) Re = 0.75*106 and in the range of angle of attack a =-40 + 200. The balance
measurements callowed to determine the impact of proximity to the ground on the basic
aerodynamic characteristics of the Tu-154M aircraft model.

Structural aspects of the high aspect ratio wing: DLR-F25

Sascha Dahne* Thomas Klimmek, Matthias Schulze, Andreas Schuster, Christian Hihne
* German Aerospace Center, Germany

High aspect ratio wings promise better aerodynamic performance, but the wing structure design is
very challenging due to the thin airfoil, shorter chord length and large span. For collaborative
research purposes on ultra-efficient aircraft, a short and medium range configuration, called DLR-
F25, with a comparatively high aspect ratio of 15.6 was developed at the German Aerospace Center
(DLR). Nevertheless, a 15% reduction in wing mass compared to a metallic wing is required to achieve
the design objectives. By taking the 3é6m airport parking box for typical short medium range aircraft
info account (aircraft design group lll), additional mechanisms are required to utilise the current
infrastructure. Finally, due to shorter chord length of the high aspect ratio wing and the mandatory
x-position of the main landing gear, the space for a wing mounted landing gearis no longer available
and therefore a body mounted landing gear applied.

In the present work a coupled aeroelastic process for the structural design of high aspect ratio
composite wings. The design process uses gradient based structural optimisation combined with
automatic model generation and comprehensive load updating. For the loads analysis a flexible
structural model for the complete aircraft is used. Maneuver, gust, and landing loads are calculated
taking into account typical mass configuration. Fuel, passenger, and cargo mass cases plus selected
center of gravity positions are considered. To achieve the mass reduction targets, composite
materials are being investigated for the wing structure. Composite stiffeners are also considered and
optimized in the structural design.

This framework is used to evaluate structural features of the DLR-F25 wing. The stiffened composite
design is investigated as well as the effect of the wing folding mechanism mass on the wing structure
and the loads. Furthermore, the positive effect of the body mounted landing gear on the wing
structure is evaluated and described.

Book of Abstracts

Page 41



Lo 13th EASN International Conference

2023 on Innovation in Aviation and Space
Salerno, ltaly for opening New Horizons

Helicopter main rotor FSI analysis using parametric blade model as an application for
multidisciplinary optimization

Jakub Kocjan*, Stanistaw Kachel, Robert Rogélski
* Military University of Technology Warsaw, Poland

This work is a part of a research program which is infended at finding new approaches and design
solutions for helicopter main rotor modelling using multidisciplinary optimization. It is a fourth stage of
individual research programme containing such preliminary tasks as: parametric modelling of a
single blade, CFD modelling of a full main rotor for different flight conditions and preliminary structural
modelling of a blade.

The main goal of the work is to present the parametric modelling of rotor blade body and structure
as an application for complex simulation. The paper shows the method of advanced analysis of the
whole rotor and exemplary results obtained from complicated analyses.

The analytical base for combined fluid-structure analysis is presented. The parametric design method
is shown to be applied for different blade planform shapes and various section airfoils. The blade CFD
fluid domain is also prepared using parametric method, as well the blade inner structure.

The parameters of simulation, from the previous stages of research, as an inputs to the FSI analysis are
outlined. These ones formerly obtained are combined and infroduced into an FSI simulation to check
their compatibility and applicability. The configuration procedure of the analysis and the boundary
conditions are presented. The obtained numerical results were compared then with analytical
assumptions. The simulation products which are the inputs for further analysis are shown with graphics
representations. The time and memory consumption of simulation is outlined. The application of the
described work into an optimisation loop is proposed.

As an output of the research, the new options for main rotor optimization are developed. Some
crucial possibilities of FSI analysis were demonstrated in described simulation cases. The usage of
combined parametric modelling with fluid structure interaction analysis for different flight conditions
is shown in the work as a new perspective for multidisciplinary design optimization of a helicopter
rotor system.

VEE-TAIL PRELIMINARY DESIGN METHODOLOGY FOR CLASS | MINI UAV

Eleftherios Nikolaou*, Vassilis Kostopoulos
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* Univercity of Patras, Greece

Unmanned Air Vehicles (UAVs) are becoming increasingly popular and widely used in a variety of
industries. They can be used for tasks such as agriculture, construction, delivery, surveillance, rescue
operations, mapping, wildlife fracking and many more. With the advancements in technology, UAVs
are becoming more autonomous and able to perform tasks with minimal human intervention, so are
widely used for military and law enforcement purposes. V-tail configurations are commonly used on
UAVs due to their advantages in control and stability performance, as well as their ability to reduce
drag and improve overall efficiency. However, research on V-tail design and sizing is limited,
particularly for Class | mini-UAVs. The objective of this paper is to identify a methodology for a V-tail
sizing of a Class | Mini UAV (NATO classification), which refers to the Conceptual and Preliminary
Design of the UAV. The methodology will follow the design of a V-tail from the characteristics of the
conventional tail of the UAV. Once the characteristics of the conventional tail were extracted, V-tail
geometric characteristics (reference area, aspect ratio, mean aerodynamic chord, tail span,
dihedral angle), are computed. Therefore, the aerodynamic characteristics of the V-tail have to be
extracted, first as anisolated tail, and then as an installed tail. The stability derivatives of the V-tail are
then calculated. The methodology for the analytical aerodynamic characteristics and stability
derivatives, is a combination of NACA Report No.823 and Marcello R. Napolitfano methodologies.
Paul E. Purser and John P. Campbell provide design methods for V-tail on a NACA report, which
include some of the desired stability derivatives. The rest of them will be calculated with Napolitano’s
method. Marcello R. Napolitano gives a methodology for conventional tail sizing, thus, the equations
of its methodology have to convert for a V-tail configuration. Furthermore, the aerodynamic
characteristics and stability derivatives of the designed V-tail will be verified by Low Fidelity
Aerodynamics simulation (XFLRS software), and then by High Fidelity Aerodynamics by means of CFD.
The results between low fidelity analytfical values and XFLR5 Low Fidelity Aerodynamics values
indicate a divergence lower than 20%.

Aerodynamic Concepts of Flat-Upper-Surface-Wing Light UAV

Wienczyslaw Stalewski*, Cezary Galinski
* Warsaw University of Technology, Poland

The aim of the work was to conduct conceptual studies on the possibility of building a lightweight
UAV with wings characterized by the fact that at least 75% of their upper surface is perfectly flat. In
principle, such a UAV would be a flying laboratory enabling the study of various types of photovoltaic
cells, including rigid ones.

The presented research focuses on the most important aerodynamic aspects, i.e. on the
aerodynamic design and inifial optimization of three wings dedicated to three different concepts of
asmall UAV shown in Figure 1. These are High-Aspect-Ratio Wing, Low-Aspect-Ratio Wing and Joined-
Wing System.

The work involved two stages of aerodynamic design. The first of them concerned the design of a
family of flat-top-surface airfoils. This stage was carried out based on in-house CAD software, and the
aerodynamic characteristics of the airfoils were determined using the XFLR-5 software. The final result
of this work was the airfoil family WS FUS X.X. All airfoils in this family have a perfectly flat upper surface
in the range from 25% of the chord to the trailing edge. The WS-FUS-X.X family consists of 10 flat-upper-
surface airfoils with different curvature of the camber line, starting from symmetrical airfoil WS-FUS-
0.0.

As part of the second stage of the discussed research, the process of aerodynamic designing and
optimization of three upper-flat-surface wing configurations was carried out. The process was based
on the parametric design methodology, which was developed by the Authors and was used in many
design and optimization works. A general outline of this methodology, adapted to the research
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subject, is shown in Figure . The in-house software PARADES was used to build parametric models of
flat-upper-surface wings in three discussed configurations. In this model, the main design parameters
described a confinuous distribution of aerodynamic twist of wing cross-sections (airfoils from the
family WS FUS X.X) along the wing span. The aerodynamic properties of designed wings were
calculated by the use of PANEL3DBL in-house software — 3D Panel Method coupled with 2D Boundary
Layer analysis. The aim of optimizing each of the three flat-upper-surface wing concepts was o
maximize the endurance factor (CL3/CD2, where CL-lift coefficient, CD-drag coefficient) at a given
value of the lift coefficient corresponding to the weight of the entire aircraft.

In the case of high-aspect-ratio flat-upper-surface wing, a wing without aerodynamic twist, built on
the basis of the WS-FUS-2.5 airfoil, was adopted as the baseline wing. Clear increase in the Endurance
Factor for the optimized wing was received.

In the case of low-aspect-ratio flat-upper-surface Wing, a wing without aerodynamic twist, built on
the basis of the WS-FUS-2.5 airfoil, was adopted as the baseline wing. An increase in the Endurance
Factor for the optimized wing appeared significantly smaller than in the previous case.

In the case of flat-upper-surface system of joined wings, a wing without aerodynamic twist, built on
the basis of the WS-FUS-2.5 airfoil, was adopted as the baseline wing. Again, a clear increase in the
Endurance Factor for the optimized wing can be seen.

Study of Effect of Propeller Slipstream on a Wing with Unconventional Propulsion System

Anvita Patil*, Jan Navrdtil
* Brno University of Technology, Czechia

Due to global warming concerns, the Aviation industry is trying to reduce its carbon footprint. There
are three ways of doing this, (i) improve efficiency of the jet engines, (i) use batteries and electric
motors to deliver part of power requirement (hybrid propulsion) for the aircraft and (iii) use only the
power from batteries to drive electric motors / propellers (electric propulsion). The scope of
development of electric propulsion (EP) is immense since ftechnology is scalable. It can be
implemented for 2- seater as well as 100-seater aircraft. In EP, there is a concept of distributed
propulsion (DP) or distributed electric propulsion (DEP) that is in the focus now. NASA's X-57 Maxwell,
a high winged, all-electric experimental aircraft, uses this concept. It includes one electric cruise
motor, placed at the end of each wing to reduce the drag from wingtip vortices. In addition, it also
uses 6 smaller motors placed at the leading edge of each wing, which provide high lift during takeoff
and landing, and also helps to reduce the required takeoff distance.

The present work aims at developing a CFD model (ANSYS Fluent) to evaluate aerodynamic
performance of two configurations of NASA's X-57 aircraft wing, (i) wing and nacelle (clean wing)
and (i) wing, nacelle and one electric propeller under cruise condition, and compare it with the
results of wind tunnel experiment performed by NASA/Armstrong X-57 research program. For the first
configuration, the geometry and mesh were obtained from the Workshop on Integrated Propeller
Prediction (AIAA WIPP), and CFD analysis was carried out for various angles of attack (AOA). The k-
 SST turbulence model was used under steady state condition for a freestream velocity of 27.2 m/s
and CT = 0. A good match was observed for CL, CD and CP, thus validating the model for a clean
wing and nacelle. For the second configuration, the propeller-mounted wing geometry, also
obtained from AIAA WIPP, was used. Calculations were performed in ANSYS Fluent. The solver setup
from clean wing calculations was used, with additional setting of ‘Frame Motion’ used for the
propeller. Rotational speed of 640 rad/s for CT 0.4 was set for the wing-tip propeller. A mesh
dependence study was carried out for 1.5M, 6M, 12M and 24M elements, and the 12M element mesh
was found to be optimum. Further simulations were carried out for 12M element mesh. The CP was
calculated at various location on the wing. On comparison with NASA X-57 wind funnel results, it was
found that in general there is a good match. Only exception is the CP values for 60" and 63"
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locations, and CL and CD values at AOA of 15° and 17°.This could be attributed to these locations
being under wake of the propeller. Different settings (steady, fransient) and turbulence models (e.g.,
k-0 SST with curvature correction, generalized k- (GEKO)) are being used to improve these
differences. Results will be compared to find the most appropriate solver settings for closest
agreement with experimental data. After validation, this model can further be used to simulate
aerodynamic performance of a wing with multi-propeller (DEP) configuration.

Aerodynamic Investigation of Propulsion Integration for a Low Noise Hybrid Wing-Body
with Podded UHBR Turbofan Engines

Dennis Keller, German Aerospace Center, Germany

Within the framework of the SIAM project, the DLR is investigating a novel low noise aircraft concept
for short- and medium range. With regard to noise impact the hybrid wing body with over the body
mounted engines appears promising due to shielding effects. The installation of the engines for this
type of configuration can be either realized with podded engines or buried engines. While the buried
engines are thought to be the more efficient option in particular when exploiting the benefits of
boundary layer ingestion, it may pose a challenge to the engine design. Moreover, it clearly removes
available space from the compartment below the engines, in this case the center body. The podded
installation is thought to be the more conservative approach, as it assumedly poses less challenges
fo the airfframe and engine design while promising less aero-propulsive efficiency.

The presented work investigates the aerodynamic challenges of podded ultra-high bypass ratio
(UHBR) engines installed on a low noise hybrid wing body configuration. First, sensitivity studies on the
freestream Mach number, engine position, and the engine incidence angle with regard to the
interference drag are discussed. Then, shape modifications of the nacelle and the center body
based on 2D RANS optimizations are presented. Computations of the initial aircraft shape indicate a
massive increase in total drag due to the engine integration. The results of the subsequent studies
indicate that the interference drag can be reduced if the overall aircraft design either allows for a
modified engine position or for a reshaping of the center body's upper surface.
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System Performance of Wing and Propeller in a Periodic Distributed Propulsion Experiment

Till Konstantin Lindner*, Jonas Oldeweme, Peter Scholz, Jens Friedrichs
* Institute of Fluid Dynamics, Germany

The design space for distributed propulsion (DP) aircraft is expanded compared to twin engine
designs by the propeller position relative to the wing. The DP concepft relies on a beneficial and robust
interaction of propulsion and wing. Additionally, a good design is optimised as a system comprised
of lift and thrust generating elements. Thereby each element is not optimised by itself, but in the close
coupled interaction. This interaction is presented in this work. Thrust and torque of a periodic co-
rotating DP wing are measured simultaneous with all airfoil coefficients. Thereby the influence of
propeller on the wing and vice versa is identified.

Three different sets of propeller geometry are studied. While two geometries are designed for
minimum induced propeller loss and only vary in diameter, the third propeller set was designed to
have a homogeneous induced axial velocity. We shall compare how the different strategies perform
in the DP system.

The two element wing has a span of B = 2.4 m and a reference chord of ¢ = 0.8 m, operating at Re
= 2.1 x 10A6. For this study, the propellers are pitched to meet a constant C_T, J and Ma_tip.

The results focus on the take-off performance for the combined setup. In order to evaluate the
different DP setups at aircraft level, their effect on a short range mission are extrapolated from the
data gathered. The preliminary evaluation suggests, that a less efficient propeller with homogeneous
outflow velocity outperforms a standard design when considered in the DP system.

Experimental Propeller Performance Analysis of Distributed, Single and Isolated
Configurations

Jonas Oldeweme?, Till K. Lindner, Peter Scholz and Jens Friedrichs
* Technical University Braunschweig, Institute of Jet Propulsion and Turbomachinery, Germany

Distributed propulsion (DP) configurations are a promising concept for future aircraft systems. The
main objective of the presented experiment is to investigate aerodynamic interactions of such
configurations in detail. This work focuses on the interaction between adjacent propellers as well as
the two-way interaction of wing and propellers.
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The experimental setup at the Propulsion Test Facility, TU Braunschweig, features three co-rotating
propellers. These are not attached directly to the wing, but are mounted on a separate carrier. This
decoupling allows the forces and moments on the wing and propeller to be considered separately.
Additionally, different relative propeller positions are set up easily. In order to eliminate side wall
effects, only the centre propeller and the centre wing element are the subject of investigation. The
periodically repeating outboard propellers reduce the wind funnel interference while providing a
frue DP setup for the instrumented centre. Two different propeller designs will be compared. While
both have a diameter of 0.6m, Blade A is conventionally designed for minimum induced loss (MIL).
Blade B is designed for homogeneous outflow along the blade radius. Both blades are operated at
same advance ratios and thrust settings.

Addifionally to the DP setup, tests for conventional propeller wing configuratfions (only centre
propeller installed) as well as isolated propeller tests were performed. Thus, the DP effect on wing and
propeller and the effect of the downstream wing on the propeller can clearly be identified. The lift
gain in comparison to the clean wing at different thrust settings and operation points for both blades
will be presented. In order to compare the different designs, the propeller efficiency in the distributed
propulsion as well as in the single propeller and the isolated propeller configuration will be presented.

Propeller-Wing Interaction: A Simplified Method for Coupling BEM and CFD

Umberto Merola*, Serena Russo, Nunzio Natale
* Dream Innovation 8r, Italy

This paper presents a numerical procedure for studying the inferaction between the wake generated
by a propeller and the wing, considering a filtfrotor model framed within T-TECH Italian project [1]. A
tiltrotor is an aircraft that generates lift and propulsion by way of powered rotors mounted on rotating
shafts or nacelles at the ends of a fixed wing. Its design combines the VTOL capability of a helicopter
with the speed and range of a conventional fixed-wing aircraft. For vertical flight, the rotation axis of
the rotors is vertical to generate lift, while for airplane mode, the rotors are angled forward,
generating thrust. Cumrent studies focused on the propeller-wing interaction show a lot of
complexities: performing a full CFD analysis for both components may cause problems in terms of
boundary and interface settings, fidelity of results, and time-consuming simulations [2]. Moreover,
since we are referring to a non-conventional configuration characterized by the presence of a big
propeller compared to the dimension of the wing, the CFD approach could result very complex to
set-up.

This report proposes to couple a 3D low-order unsteady Boundary Element Method (BEM) approach,
to evaluate the performance of the isolated propeller, and a Reynolds-Averaged Navier-Stokes
(RANS) solution for the analysis of the flow field interaction between the propeller (simulated as
actuator disk, [3]) and the wing of a tiltrotor model. Starting from the geometry of the propeller, the
in-house PaMS software [4] is used to evaluate the characteristics curves of the propeller based on
BEM solution (i.e. (dC_Tydr and (dC_Q)dr). These quantities are used to perform a RANS simulation
by introducing the actuator disk model according to the general momentum theory, in which the
pressure drop, the swirl and tangential components of the wake are modelled. This approach allows
to achieve high-fidelity results regarding the analysis of the wake interaction between the propeller
and with the wing. Hence, the analyses are performed for airplane mode and hovering [5]
configurations, with two CFD solvers: SU2 [6] and Ansys Fluent [7]. Data will be compared in terms of
pressure coefficient distributions on the wing, velocity profiles in the wake produced by the propeller
and the wing and vorticity contours.

REFERENCES
[1] "Tiltrotor-TECHnNologies (T-Tech)," [Online]. Available: https://www.maregroup.it/research-and-
development/t-tech/.
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Propeller wake impact on transition location

Serena Russo® Flavio Giannetti
* Dream Innovation Srl, Italy

We present a numerical procedure for the evaluation of the detrimental effect of the propeller on
fransition location of a laminar turbo-prop wing. This work has been carried out within ESTRO Clean
Sky 2 CfP project (CS2 grant n.831809), in the framework of the Innovative Aircraft Demonstrator
Platforms (IADP) "Regional” of the “Clean Sky” 2 Programme, whose goal was to develop an
innovative future green regional aircraft configuration based on several new technologies able to
match the very demanding and challenging objectives ACARE 2020. One of the main objectives of
the ESTRO project was to evaluate the effect of the propeller on the laminar flow extension since the
prediction of the aerodynamic wing performances, in flight conditions, are strongly affected by the
evaluation of the fransition location from laminar to turbulent flow. This represents a critical key point
in the correct estimation of the friction drag, leading edge separation and boundary layer thickness.

On the design of a cup anemometer performance simulator. From the wind speed to the
output data

Daniel Alfonso-Corcuera* Octavian Curea, Mikel Ogueta-Gutiémez, Angel Sanz-Andrés, Santiago
Pindado

* Instituto Universitario de Microgravedad ‘"Ignacio Da Riva", ETSI Aerondutica y del Espacio,
Universidad Politécnica de Madrid, Spain

This paper describes some important aspects of the development of a cup anemometer
performance simulator. This tool aims to simulate the different phenomena which affect the different
subsystems of the anemometer, in order to help the manufacturers to develop different strategies to
improve the accuracy of the data obtained through post-processing or design changes. Bearing in
mind that the cup anemometeris the most widely used wind speed sensor in the wind energy sector
(to control wind generators and to analyze the future economic revenue of wind farms in certain
locations), the relevance of the present study should be highlighted.

The software is designed in Simulink®, and is divided in 4 modules representing the different
subsystems of an anemometer from the actual wind speed to the output data. The first two modules
of the simulator are detailed in this paper, which consist of the Rotation Rate Module and the Pulse
Generating Module. The first module outputs the anemometer’s rotor angular position with time,
which depends on the wind speed of the anemometer. Oscillations of the rotation rate caused by
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steady state harmonic accelerations are taken into account. The Pulse Generating Module simulates
the optoelectronic system of the anemometer, and creates the pulse frain signal based on the rotor’s
angular position, taking into account the manufacturing and eccentricity errors of the system. The
architecture of the modules is detailed, and related with the phenomena which is infended to
simulate.

A comparison of long and short fuselage blended wing body configurations

Luis Campos * Joaquim Marques
* CCTAE, IDMEC, Portugal

The Blended-Wing-Body (BWB) is a type of unconventional aircraft configuration for which several
studies have shown performance improvements over conventional configuration. For this unusual
configuration, one of the main issues is how to assess the coupling of the longitudinal and lateral
stability. The longitudinal stability of an aeroplane is specified by a 4x4 matrix (that determines the
phugoid and short-period modes) as the lateral stability is specified by a 4x4 matrix (that specifies the
dutchroll and helical modes). In this work, the possibility of lateral-longitudinal coupling is considered
leading to an 8x8 matrix, which includes, besides the longitudinal and lateral stability matrices, two
4x4 coupling matrices. The methodology developed applies both to strong and weak coupling, and
in the latter case specifies the error in neglecting coupling effects. The application is made to two
BWBs designs, and if is found that in all 18 flight configurations (Table 1) considered the terms in the
coupling matrices are quite small compared with those in the longitudinal and lateral matrices.

The two BWBs designs represent different approaches (Table 2) in the sense that: (i) the long, narrow
fuselage of BWB 1 is closer to a conventional design, (i) the wide, short fuselage of BWB 2 is a more
radical departure from conventional design. The main qualitative differences are: (i) for the same
fineness ratio and surface areaq, that is equal drag, BWB 1 has a thicker fuselage with higher volume,
(i) BWB 1 also has a longer tail moment arm, allowing longitudinal trim with smaller elevator areq,
assuming the same elevator deflection and c.g. range, (iii) pitching motion is more notficeable to the
passengers at the ends of the longer BWB 1 fuselage but it is the rolling motion which may affect most
passengers at the sides of the wide BWB 2 fuselage, (iv) the longer BWB 1 fuselage has greater side
area for speedy passenger evacuation. The results show that the conservative BWB 1 design appears
qudalitatively to be less risky.

Design Flight Condition Mass Speed Altitude Flaps cg.
BWB Case % 10% kg kts % 10% ft degrees % mac

la 550 176 0 15/25 25

1b 550 176 0 15/25 35

1c 550 200 0 15/25 25

1d 550 200 0 15/25 35

le 670 M=085 39 clean 35

1 1f 670 M=085 39 clean 39
1g 760 M=085 35 clean 35

1h 760 M=085 35 clean 39

Ti 700 300 0 clean 35

1j 700 M=070 30 clean 39

2a 550 176 0 clean 35

2b 550 176 0 clean 39

2c 550 200 0 clean 35

. 2d 550 200 0 clean 39
2e 670 M=085 39 clean 35

2f 670 M=085 39 clean 39

2g 760 M =085 35 clean 35

2h 760 M=085 35 clean 39
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Example BWB 1 BWB 2
Length Long Short
Fuselage Width Narrow Wide
E | Fineless Thickness Thick Thin
quat Fineless Volume High Low
Tail Moment arm Long Short
¢ Elevator area Small Large
Passenc G Pitch Large Small
assenger motion Roll Small Large
Evacuation Easy Difficult
Conclusion Conservative Radical
Risk Lower Higher

Experimental investigation of blade-shaped riblets for drag reduction on UAV applications

Chris Bliamis*, Pericles Panagiotou, Zinon Vlahostergios, Dimitrios Misirlis, Kyros Yakinthos

* Laboratory of Fluid Mechanics and Turbomachinery, Department of Mechanical Engineering,
Aristotle University of Thessaloniki, Greece

This study presents an experimental investigation of blade-shaped riblets for drag reduction in
unmanned aerial vehicle (UAV) applications. UAVs have gained significant attention since they can
perform various missions, including surveillance, reconnaissance, and package delivery. However,
their cerodynamic performance, specifically the high drag associated with their exposed surfaces,
remains a key challenge for enhancing their efficiency and extending flight endurance. To address
this issue, riblet geometries are proposed as a potential solution, which can reduce the turbulent skin
friction drag by up tfo 8%. The experimental investigation involves wind tunnel testing of blade-shaped
riblets, with various width-to-height (s/h) ratios and constant groove cross-sectional area (Ag). The
riblets are designed for application on the wing, empennage, and fuselage surfaces of a UAV. The
investigations are performed on a flat plate for various flow conditions, including different freestream
velocities, to evaluate the drag reduction effectiveness of the riblet configuration. The drag force is
measured using a force balance system and flow visualization techniques are employed to assess
the position where the boundary layer has transitioned to fully turbulent. The results demonstrate the
drag-reducing effect of blade-shaped riblets and the different performance observed for the various
s/hratios. These findings highlight the potential of riblets as an effective drag-reduction technique for
UAV applications, enabling increased endurance and/or enhanced payload capacity.

Performance enhancement of a Box-Wing airliner with the application of riblets

Chris Bliamis*, Pavlos Kaparos, Kyros Yakinthos

* Laboratory of Fluid Mechanics and Turbomachinery, Department of Mechanical Engineering,
Aristotle University of Thessaloniki, Greece

The rapid growth of the commercial aviation sector in recent years, as well as the ambitious emission
reduction targets, necessitates the investigation of novel methods to improve the aerodynamic
efficiency of future airliners. With increasing passenger demand and evolving industry requirements,
innovative designs, like the Box-Wing configuration, as well as flow control techniques, such as riblets,
are essential to enhance efficiency, reduce fuel consumption and emissions, and meet future
aviation needs. In this work, the performance enhancement of a novel Box-Wing airliner through the
application of riblets is investigated through CFD modeling. The riblets are small, streamwise grooves
aligned with the airflow, which when applied correctly can reduce the turbulent skin friction drag by
up to 8%. The effect of riblets on the aircraft is modeled through a dedicated surrogate model, based
on the cross-section area of their groove. The study aims to assess the impact of riblets on the
aerodynamic characteristics, fuel efficiency, and overall performance of the aircraft, for a wide
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range of operating conditions and angles of attack. The practical implications of riblet application
are also discussed and concrete conclusions are drawn for future application on actual aircraft.

CFD aided investigation of a three-blade propeller in multirotor UAV applications

Stathis Vlachos*, Chris Pliakos, Chris Bliamis, Kyros Yakinthos

* Laboratory of Fluid Mechanics and Turbomachinery,Aristotle University of Thessaloniki, Greece,
Greece

In recent years, a rapid increase of multirotor UAVs in the commercial market is observed and
correspondingly an increased number of motor/propeller combinations. The limited availability of
data for the aerodynamic performance of the motor/propeller system often leads to their non-
optimal operation at the multirotor UAV design point. Since experimental investigations are both cost-
and time-demanding, the accurate numerical modelling of UAV propellers is crucial in the early
design phases. In the current study, a CFD framework is employed for the performance investigation
of a small scale three-blade propeller on a lightweight multirotor UAV, designed for indoors search
and rescue applications. Specifically, two widely implemented methods for propeller modelling are
examined, namely the Multiple Reference Frame (MRF) and the Sliding Mesh (SM). Several operating
points are examined, corresponding to different propeller rotating speeds (RPM) and Reynolds
numbers. The examined parameters include the produced thrust force, the required torque, as well
as the propeller efficiency. Finally, the uncertainty of the computational analysis is quantified through
Richardson's extrapolation method, and by comparing the CFD results with those obtained from both
dedicated experimental measurements, and literature experimental data.

Design of morphing wing for aerodynamic performance considering the wing flexibility
effects

Jan Navrdtil*, Viadimir Hostinsky, Jurij Sodja
* Brno University of Technology, Czechia

The current challenge in aircraft design is the need to reduce the environmental impact of aircraft,
mainly in ferms of greenhouse gas emissions. Considering classic tube-wing aircraft concepts, this
aspect could be improved by adapting the aerodynamic shape of an aircraft wing to the current
flight conditions, thus increasing its aerodynamic performance. The main challenge in morphing wing
design lies in the design of the morphing structure in terms of structural layout and materials used.

In this paper, we present a part of the BAANG project aimed at exploiting advanced metamaterial
applications for the morphing wing structure. We focus on the first step of the morphing wing design,
which is the detailed design of the aerodynamic shapes of the wing for an unmanned aerial vehicle
(UAV) with a maximum take-off weight of 25 kg. The wing design incorporates continuous camber
changes along the span and chord. The baseline wing is rectangular, with a span of 3.8 m, and main
load carrying structure is an aeroelastically tailored composite structure.

The aeroelastic tailoring was performed using Proteus optfimization framework [1] developed at TU
Delft. The wingbox structure was optimised for minimum weight, subject to constrains on optimal wing
cruise shape, structural strength and strain (including buckling) and aeroelastic effects. Several load
cases representing flight envelope and typical flight conditions of given aircraft were considered
during the opfimisation process. This wing design will serve as a non-morphing tailored reference
model to validate the benefits of metamaterial-based morphing. Its structural layout, stiffness and
structural mass distribution will be used together with properties of the metamaterial structure to
simulate the elastic behaviour of the morphing wing.
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Our design approach uses high-fidelity aerodynamic shape optimisation augmented with fluid-
structure interaction analysis to account for the flexibility effects. It employs a gradient-based
optimisation using the Sequential Least Squares Programming, SLSQP, algorithm and the CFD analysis
(both within the SU2 suite [2]). The Free-Form Deformation parameterisation technique was used to
explore the design space and identify opfimal wing shapes. We included the effect of the wing
flexibility on the aerodynamic properties using a non-linear solution of a beam stick model
deformation in MSC.Nastran. The interface between fluid and structural domains is defined by Radial
Basis. Our design approach uses only adjoint of the flow solver fo compute the shape sensifivities of
aerodynamic forces of the rigid wing. The effect of the wing flexibility is included at the end of the
aerodynamic shape optimization. After the iteration of aeroelastic deformation, the optimization
process is repeated using the last optimal design as an initial guess. The process is repeated until both
the optimization and the aeroelastic solution converge.

The resulting shape of the morphing wing for each design flight condition will be an input to the
design of the morphing structure. The structure will be based on a metamaterial — a material with
engineered mechanical properties that enable the morphing action of the wing, as well as the
structural health monitoring and state sensing capabilities.
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Detail and structural design of a fixed-wing BWB UAV

A. Psarros, S. Kapsalis, T. Dimopoulos, D. Mitridis, D. Terzis* E. Giannakis, P. Panagiotou, G. Savaidis,
K. Yakinthos

* Aristotle University of Thessaloniki, Greece

The current study focuses on the development of a prototype BWB UAV for highway traffic monitoring
by supporting a Cooperative Intelligent Transport System (C-ITS). This system allows the monitoring of
fraffic conditions at large roads and highways. Having determined the mission requirements and
concluded the aerodynamic conceptual and preliminary design phases, high fidelity CFD
simulations are performed, aiming to calculate the key aerodynamic and stability characteristics of
the platform and to optimize its performance throughout the mission. More specifically, regarding
the aerodynamic vehicle design, results concerning the calculation of stability derivatives, control
surfaces sizing, trim analysis and flight envelope (V-n diagram) are presented, along with the
respective methodologies. Considering the structural design of the aircraft, a combination of layout,
FE simulations and parameterized design tools were employed, allowing the design and sizing of the
skin and the internal structural parts. The parts are mainly made of composite and additively
manufactured nylon materials. Coupled interaction loops are conducted among the aerodynamic
and structural analyses to optimize the overall performance of the aerial vehicle, maximizing the
aerodynamic efficiency, and reducing the structural weight. Finally, the study is concluded by the
presentation of the manufactured prototype of the UAV, which satisfies all the structural,
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aerodynamic, stability and performance requirements for the established highway traffic monitoring
mission.

Polymeric Composites and Processes for primary and secondary
aircraft structures

Prof. R. Pantani & Prof. Liberata Guadagno (University of Salerno)

Polymeric Composites for Secondary Aircraft Structures: Design and Development of
Hybrid Si/P-Epoxy Nanocomposites

Auvurelio Bifulco®* Aurelio Bifulco, Claudio Imparato, Sabyasachi Gaan, Giuvlio Malucelli, Antonio
Aronne

* Universita degli Studi di Napoli Federico I, Italy

Epoxy resins are largely used owing o their good thermal and mechanical properties. For this reason,
epoxy composites are applied in several industrial applications. The addition of flame retardants in
the polymer matrix is necessary to pass specific fire safety requirements. Recently, we proposed a
synthetic strategy to produce hybrid Si/P-epoxy flame retardant nanocomposites via a facile
synthesis methodology, where the inorganic phase is composed of P-modified silica lamellar
nanocrystals. The diffusion of phosphoric acid into silica nanodomains limited its reaction with oxirane
rings and allowed for the formation of stable Si-O-P structures at safe and mild conditions. The
morphology and chemical features of Si/P-epoxy nanocomposites led to the production of a large
amount of continuous char and a notable reduction (up to 27.7%) in the peak of heat release rate,
with only a slight detrimental impact on the mechanical performances of the final products.

Toward smart tooling for composite manufacturing by integrating 3D printed self-heating
nanocomposites

Francesca Aliberti*, Andrea Sorrentino, Barbara Palmieri, Luigi Vertuccio, Alfonso Martone, Roberto
Pantani, Liberata Guadagno, Giuseppe De Tommaso

* University of Salerno, Italy

The current work presents a new strategy for optimizing nanocomposite self-heating performance
processed via Fused deposition modeling (FDM). As additive manufacturing technology, also named
3D printing, FDM allows producing complex geometries and hollow structures according to a
predetermined CAD model. By exploiting this advantage of the 3D printing process, Acrylonitrile-
Butadiene-Styrene ABS filled with Carbon Nano-Tubes CNTs (ABS-CNTs) in a concentration higher
than the electrical percolation threshold has been printed in the form of a self-heating element [1]
whose electrical resistance is tunable based on its shape and geometric dimensions. Printing
parameters, such as infill pattern, have been chosen in such a way as to exploit the phenomenon of
CNTs orientation in the printing direction at the outlet of the nozzle to increase the electrical
conductivity of the nanocomposite material after the printing process [2]. Considering the electrical
properties of the nanocomposite material and the correlation between the electrical resistance and
the geometry of the printed part, a scalable conductive pattern adaptable to the voltage value
available in the industrial application fields has been developed. Moreover, experimental data from
performed heating fests have been modeled by numerical simulations using finite element methods
(FEM). The scalable and adaptive 3D-printed self-heating parts developed within this work represent
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an attractive innovation in aeronautical industry processes since they can be applied as embedded
heating elements in out-of-autoclave manufacturing applications [3].

[1] L. Guadagno, R. Longo, F. Aliberti, P. Lamberti, V. Tucci, R. Pantani, G. Spinelli, M. Catauro, L.
Vertuccio, Nanomater. 2023, Vol. 13, Page 495 2023, 13, 495.

[2] L. Guadagno, F. Aliberti, R. Longo, M. Raimondo, R. Pantani, A. Somrrentino, M. Catauro, L.
Vertuccio, Mater. Des. 2023, 225, 111507.

[3] K. M. M. Billah, J. Heineman, P. Mhatre, A. Roschli, B. Post, V. Kumar, S. Kim, G. Haye, J. Jackson, Z.
Skelton, V. Kunc, A. A. Hassen, Addit. Manuf. 2021, 47, 102282.

Eco-friendly composites with specific functional properties

Jessica Passaro*, Aurelio Bifulco, Liberata Guadagno, Antonio Aronne, Roberto Pantani, Pietro Russo
* Institute of Polymers, Composites and Biomaterials (IPCB) - National Research Council (CNR), Italy

Composite materials play an important role for several manufacturing industry, such as automotive
and aerospace [1]. Due to their strong damping capacity, high specific modulus and strength,
composite materials can replace conventional component materials.

However, nowadays, the increased awareness of the environmental impact of composite materials
at the end of their life has directed both academic and industrial research towards alternative
solutions with almost similar performance and functionality but, at least partially, derived from
renewable resources or recyclable raw materials, even for advanced applications [2].

In this scenario, natural fibers have been widely validated as a promising alternative to conventional
ones as reinforcement of polymeric matrices because of their renewability, lightness, high specific
mechanical properties, ease of surface modification, cost effectiveness etc [3-5].

In this contribution, thermosetting and thermoplastic polymers with different types of pristine [4] and
modified [6] natural fibers (e.g. hemp, flax) based composite are realized and analyzed.

Specifically, morphological, thermal, mechanical and hydrophobic properties of green composite
materials are discussed especially in order to identify potential applications.
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Water resistant self-extinguishing low frequency soundproofing polyvinylpyrrolidone based
electrospun blankets. Polymers, 11(7), 1205.

[3] D'Angelo, G. A., Leone, G., Pagliarulo, V., Ferraro, P., Vitiello, L., & Russo, P. (2022, April). Non-
destructive evaluation of damage detection in hybrid basalt/flax fibres-polypropylene composites.
In Nondestructive Characterization and Monitoring of Advanced Materials, Aerospace, Civil
Infrastructure, and Transportation XVI (Vol. 12047, pp. 12-17). SPIE.

[4] Papa, I., Formisano, A., Lopresto, V., Cimino, F., Vitiello, L., & Russo, P. (2020). Water ageing effects
on the mechanical properties of flax fibre fabric/polypropylene composite laminates. Journal of
Composite Materials, 54(24), 3481-3489.

[5] Bifulco, A., Silvestri, B., Passaro, J., Boccarusso, L., Roviello, V., Branda, F., & Durante, M. (2020). A
New Strategy to Produce Hemp Fibers through a Waterglass-Based Ecofriendly Process. Materials,
13(8), 1844
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Design of hybrids nanocomposites based on 1D and 2D carbon nanofillers outperforming
their single counterparts

Marialuigia Raimondo*, Greta Donati, Giuseppe Milano, Liberata Guadagno
* University of Salerno, Italy

The electrical properties of epoxy hybrids filled with two-dimensional (2D) Graphene Nanosheets
(GNs) and one-dimensional (1D) Multi-Wall Carbon Nanotubes (MWCNTs) were investigated by
Tunneling Atomic Force Microscopy (TUNA) to understand the correlation between electrical
conductivity, on a micro/nano space scale, and the arrangement of the electrically conductive
paths through the sample. Two different amounts of mixed fillers, namely below 0.1 wt% and above
0.5 wt%, were dispersed by ultrasonication into a tetrafunctional epoxy matrix at five different
MWCNTs:GNs mix ratios. At a low amount of nanoparticles, 0.1 wi%, the hybrid nanofiller
concentration allows for detecting a very interesting synergy foward an increase in the electrical
conductivity of several orders of magnitude, and a lowering of the Electrical Percolation Threshold
(EPT). Both the computational and experimental results highlight that, owing to the hybrid
MWCNT/GNs network formation, the hybrid nanocomposites outperform their single-nanofiller
counterparts [1]. From TUNA images (see right of the figure below), MWCNTs connecting the epoxy
maftrix and GNs and 1111 interactions between MWCNTs and GNs were clearly visible. Furthermore,
computational analysis (see left of the figure below) showed that MWCNTs aggregated at the GN
interface, in agreement with experimental data.

0.1% (1:5)

A) Computational results B) Experimental results

Reference: [1] Raimondo, M. et al. FlatChem 2022, 36, 100431.

Efficient energy-saving strategy for manufacturing aeronautical resins

Raffaele Longo*, Luigi Vertuccio, Andrea Sorrentino, Liberata Guadagno
* Universita degli studi di Salerno, Italy

Over the past few decades, the development of epoxy-based composite materials has played a
crucial role in reducing the weight of structural components used in tfransportation, particularly in the
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aeronautic sector. However, the primary process for producing these composites - curing in
aufoclave - is fime-consuming and energy-intensive, regardless of the part size and shape [1].
Additionally, during the curing in autoclave, the temperature gradient along the thickness part can
potentially lead to the formation of microcracks and stress concentration. To address these issues
and improve energy efficiency, various advanced methods have been proposed, including
microwave curing, radiation curing, and electrical current heating (electro-curing) [2]. Among these,
electro-curing stands out as a promising energy-saving alternative. This method involves applying an
electric potential that generates heat by Joule effect directly in the bulk material, providing the
necessary energy for the curing process. Typically, conductive fillers such as carbon nanotfubes
(CNTs) and graphene are added to the polymeric matrices to achieve the required electrical
conductivity. Moreover, carbonaceous nanofillers dispersed in the resin can provide smart
functionalities to thermosetting resins, such as self-sensing, anti-icing, and self-healing [3-5]. In the
present research, electro-curing process was used to harden an epoxy multifunctional resin, which
was obtained through the dispersion of carbon nanotubes in the epoxy matrix [6]. The electro-curing
process allowed for achieving higher curing degrees and, consequently, higher glass transition
temperatures than conventional methods. This energy-saving process also resulted in composites
with enhanced properties.
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Self-repairing systems of composite materials with enhanced efficiency and sustainability
in aeronautics

Simona Russo* Annaluisa Mariconda, Elisa Calabrese, Marialuigia Raimondo, Andrea Sorrentino,
Liberata Guadagno, Pasquale Longo

* Universita Degli Studi Di Salerno, Italy

The impact of hail on fuselages during a rainstorm, the impact of stones during landing, and that of
birds in flight, can lead to microcracks, damaging the materials. It is useful, for this reason, to invest in
the use of materials with self-healing properties. Self-healing systems represent a captivating frontier
in science. They are smart materials as they can respond to external stimuli in order to extend their
lifespan, by reducing the maintenance costs. They have caught on in a large number of areas like
the automotive and construction industries. Depending on the different approaches that have been
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studied to integrate self-restoring abilities in several matrices, self-healing systems can be classified in
extrinsic and infrinsic.

In the last decades the scientific community has been working on the realization of intrinsic self-
repairing system as they have the ability to heal multiple times in the same site since they are based
on reversible interactions. In particular, our work has been focused on the use of hydrogen bond
interactions.

With this contribution we want to present composites materials consisting of epoxy resin selected for
aviation applications and charged with different percentages of polymers based on methacrylic
monomers capable to give hydrogen bond interactions, which reversibility is the responsible of the
self-healing ability of the resulting composite material.

Influence of Temperature on the Toughening Reaction of an Epoxy Resin having Auto-repair
Ability

Elisa Calabrese*, Luigi Vertuccio, Marialuigia Raimondo, Michelina Catauro, Andrea Sorrentino, Carlo
Naddeo, Raffaele Longo, Liberata Guadagno

* Univerity of Salerno, Italy

Nowadays, self-healing polymers have obtained enormous attention due to their ability to restore
material properties and extend the product’s lifetime. Thermosetting polymers, particularly epoxies,
are among the most studied materials due to their uses as coatings, adhesives, or structural elements
[1]. Their high mechanical strength, thermal stability, and chemical resistance are due to their highly
crosslinked network. These crosslinks restrict the molecular motion of the chains and, thus, limit the
healing mechanisms [2]. To overcome this drawback, the epoxy precursor has been modified to
confer healing capability to epoxies, adopting a successful strategy [1, 3-5]. This work proposes a
formulation developed for aeronautical applications based on supramolecular chemistry, able to
impart self-healing functionality to epoxy composites [6]. In particular, a bifunctional epoxy precursor
was covalently modified by an elastomeric phase to improve its foughness and make the resin more
suitable to host auto-repair mechanisms. The self-healing functionality was enhanced by adding
molecules to establish hydrogen bond interactions with the epoxy matrix. Three compounds were
employed and used as self-healing fillers, 1.3-Dimethylbarbituric acid (DBA), 2-Thiohydantoin (T), and
Murexide (M).

The study performed in this work mainly focused on evaluating the influence of temperature on the
functionalization process of the epoxy precursor. Two different temperatures were investigated, 120
and 160°C. The effect of the temperature was studied by Fourier trans-former infrared (FT-IR)
spectroscopy and dynamic mechanical analyses (DMA), evidencing that the highest temperature
of 160°C allows for a more significant amount of rubber phase bonded to the matrix. This results in
better results in terms of self-healing efficiency, in particular for the sample loaded with DBA filler. The
evaluation of healing efficiency, carried out by tapered double cantilever beam (TDCB) method,
provided a healing efficiency of 88% for the system functionalized at 160°C. The same sample,
functionalized at 120°C, manifested a healing efficiency of 52%. The performed study has allowed a
further step forward in developing smart structural composites.
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Role of the aspect ratio of carbon fillers in Designing Self-Sensing and Self-Heating
Structural Elements

Luigi Vertuccio* Michelina Catauro, Roberto Pantani, Liberata Guadagno
* University of Campania “Luigi Vanvitelli”, Italy

Research for new materials plays a crucial role in developing new technologies to be applied in
different sectors, especially in producing aerospace and automotive engineering components. An
accurate study of the strict relationship between a material’s structure and properties is the starfing
point for designing new, more efficient systems. This understanding allows designing hybrid materials
to satisfy new needs related to the materials’ performance. The combination of polymers with a wide
range of fillers, having one or more dimensions in the nanometer range, has led to the development
of polymeric nanocomposites with improved properties and new potential applications [1-4]. In
particular, in the aeronautic field, developing new materials for smart applications based on novel
concepfs involving several self-responsiveness properties would increase consumer safety,
component lifespan, and performance while reducing maintenance and manufacturing costs and
through-life service greenhouse gas emissions.

This work proposes based carbon fillers nanocomposites, such as mulfi-wall carbon nanotubes and
expanded graphite, characterized by self-sensing and self-heating properties. The self-responsive
functions are based on two physical phenomena: the piezoresistivity (changes in the electrical
resistivity of the composites resulting from mechanically applied strains) [5, 6] and the Joule effect
(heat generated by the current flow through the composite) [7, 8]. In the first case, the adopted
approach allows the detection of micro-damages in the materials that a visual inspection cannot
detect. In the second case, the heat generated through the joule effect allows for avoiding ice
growth on the most vulnerable parts of the aircraft.

The results highlight that the choice of conductive filler plays a crucial role in optimizing smart
propertfies: carbon nanofubes are more suitable for self-heating functionality, while 2D fillers give the
epoxy matrix a more efficient self-sensing property compared to the 1D system.
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Enabling reprocessability and flame retardancy of fiber reinforced polymer composites via
reactive approach

Wenyu Wu Klingler*, Gion Andrea Barandun, Véronique Michaud, Sabyasachi Gaana
* Empa - Swiss Federal Laboratories for Materials Science and Technology, Switzerland

The increasing amount of fossil-based plastic waste ending up in our environment is one of the most
pressing issues of the oncoming decades. Thus, development of re-usable polymers with a prolonged
useful lifetime heralds the switch for a transition fowards a more circular economy.[1] A novel class
of dynamic phosphonate ester bonds confaining thermoset has been designed and synthesized, via
a simple one-pot and two-step procedure.[2] The resulting material has been used to fabricate
natural fiber reinforced polymer composites (FRPCs), which demonstrated exceptional reparability,
recyclability and flame retardancy. The chemical structures and compositions of the chemical
precursor and thermosets are confirmed by 'H, 13C, and 3P NMR spectroscopy, elemental analysis,
and Fourier transform infrared spectroscopy. The covalent incorporation of phosphonate moieties in
the thermoset matrix infroduced sufficient dynamic P-O ester bonds, and promoted the exchange
of network strands under moderate heating condition, resulting in scratch reparability and
recyclability. Due to the presence of phosphorus in the structure, the thermoset also exhibited
excellent flame retardancy in varied fire tests. Applications of the thermoset as fire protective coating
on wood samples and polymer matrix in FRPC were explored. Fire tests confirmed their excellent fire
performance via inftumescent mechanism.

In order to improve the recyclability of thermosetting materials, various recyclable materials have
been synthesized via incorporation of wide variety of covalent exchangeable bond.[3, 4] Some of
these materials containing sufficient carboxylic ester, disulfide, siloxane, imine, diketoenamine,
Diels—Alder adduct, dioxaborolane bonds etc., can "flow" again like thermoplastics through network
topological rearrangement by thermally friggered catalytical bond exchanges. Such network
structures are fixed at product operating temperatures when the exchange reaction kinetics are
frozen. Among the various dynamic covalent bonds, phosphorous ester based fransesterification
reaction may provide a multifaceted solution, this functionality not only offers excellent fire
protection, but also has industrial relevance due to ready availability of monomers and
straightforward synthesis procedure. Phosphate triester based thermosets brought new inspirations
into multifunctional vitrimer material.[5] If we could replace the phosphate with phosphonate, the P-
C bond will theoretically bring even better material stability and flame retardancy, as it is a
chemically and thermally stable analog of a P-O bond.
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A one-pot and two steps procedure (FIGURE 1a) was developed to synthesize the multi-functional
fransparent epoxy thermoset with varied TDPSD contents.[2] The chemical structure of the TDPSD was
confirmed by 1D and 2D NMR spectroscopy. The resulting flame-retardant epoxy thermosets were
analyzed by elemental analysis, 13C and 3P solid state NMR, and FTIR. A single 3'P NMR resonance at
6.5 ppm is observed for TDPSD in DMSO solution (FIGURE 1b). In the solid state 3P CP MAS NMR
spectrum of the modified thermoset EP-TDPSD-4P, the resonance is shifted to 25.7 ppm (FIGURE 1¢)
which is attributable to the formation of a P-CH2 group instead of the originally present P-H bond.
This confirmed the phosphonate P-C bond formation in the thermoset network. As well studies in the
bioorganic community, the replacement of the bridging oxygen in a phosphate ester with a CH2
could introduce stability and confer inertness to phosphatase cleavage. In addition to the promising
reprocessability of thermosets with phosphoester linkages (P-O) reported by researchers in the vitrimer
field, [5] the phosphonate linkages could increase hydrolysis stability and reduce its potential leakage
during usage and recycling. In addition, the presence of phosphorus offers inherent flame
retardancy.[6] The reactive P-H bond of TDPSD allows direct covalent linkage to the epoxy, which
could result in opfimized fire performance at lower P loadings compared to a non-reactive
approach. [7] The demonstrated exceptional fire-resistance capability of the intumescent EP-TDPSDs
films make them a suitable thin coating candidate for inflammalble material protection, especially in
the transportation and building industries. Based on the excellent fire inhibition and char foaming
property in the small scale fire test discussed earlier, we applied 1 mm thickness EP-TDPSD-2.5P
coating on the surface of MDF samples, and investigated their fire resistance and heat isolation
properties, as demonstrated in FIGURE 2.
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FIGURE 1. (a) One-pot, two-step synthesis procedure of reactive spirocyclic bisphosphonate TDPSD cured flame
retardant epoxy resin EP-TDPSDs, with optical pictures of the 1 mm thick plates on "Empa" envelope. (b) 3'P NMR
spectrum of spirocyclic bisphosphonate TDPSD in DMSO-dé solution, (c) solid state 31P CP MAS NMR of EP-TDPSD-
4P (* = spinning side bands), and (d) FTIR spectra of epoxy resin blank (EP-bl), EP-TDPSD-2.5P, EP-TDPSD-4P and
TDPSD.

Book of Abstracts
Page 60



SEPTE??? 13th EASN International Conference
VBER

2023 on Innovation in Aviation and Space
Salerno, Italy for opening New Horizons

FIGURE 2. (a) blank MDF samples and (b) EP-TDPSD-2.5P coated MDF sample were measured with 5 minutes
continuous ignition using Bunsen burner (butane gas), with the maximal back temperature of the wood plate
measured by IR camera, optical images of (c) the unfreated and (d) the coated MDF samples affer 5 min
ignifion, (e) surface and (e) cross section of the EP-TDPSD-2.5P coated MDF plate after burning test. All samples
were located with distance to the blue flame ~50 mm (flame temperature ~1100 °C).

After five minutes of continuous ignition with Bunsen burner (flame temperature more than 1100 °C),
the EP-TDPSD-2.5P coated MDF plate did not catch fire on the wood matrix, with its backside
temperature reaching a maximum value of 106 °C (Fig. 5b and d), while the MDF blank burned
completely with backside temperature reaching almost 550 °C (Fig. 5a and c). Very inftumescent
char was formed during the confinuous ignition. After removal of the inftumescent char, the
underlying MDF matrix was found to retain its integrity (Fig. 5e). It could be concluded that EP-TDPSDs
has a future perspective on flame-retardant surface treatments, including the potential for industrial
implementation of this material. As summarized in Table S5, the weight loss of the MDF blank is about
74%, in confrast, only 6.8% was observed for the EP-TDPSD-2.5P coated MDF plate. For EP-TDPSD-2.5P,
TDPSD could improve the thermal stability and flame retardancy of the cured thermoset via
combination of gas-phase and condensation phase of actions, reduces toxic nitrogen containing
evolving gases production, thus we find scalable coating application on MDF to demonstrate these
properties. TDPSD promote a remarkable reduction (up to 48%) in the heat release rate (HRR) values,
and infroduce nonflammability to the MDF plate owing to the outstanding gas-phase action and
inftumescent char structure through isolating heat and oxygen more efficiently. Pyrolysis evolved gas
(Py-GC MS and TGA-IR), thermal and fire analysis was used to propose the combined mode (gas
phase and char) of action of TDPSD in the fire performance improvement of the EP-TDPSDs epoxy
thermoset system. The functional polymer EP-TDPSD-2.5P is a potential candidate for fire- and heat-
resistant applications in electronic and microelectronic fields with more safety and excellent
performance.

Last but not least, thermo-mechanical recycling method enabled the vitrimer thermoset reformation
by applying heat and pressure, as TDPSD promoted the reparability and recyclability of the thermoset
EP-TDPSD-6P. The underlying concept is laying down at the sufficient reversible P-O ester bond
exchange reactions by versafile fransesterification that rearrange the network topology while
keeping cross-linking and functionality of the covalent links. Flax fiber reinforced composites were
fabricated via compression molding to demonstrate the malleability and reprocessability of the
infrinsic flame retardant vitrimer. Such intrinsic flame retardant, repairable and reprocessable
thermoset material is of great potential for various applications. In future studies, we will investigate
in detail the use of these thermosets in manufacturing fiber (e. g. carbon fiber, glass fiber and natural
fibers) reinforced composites and its full recyclability.
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Rethinking Polymers and Polymer Composites for Sustainable Aviation Goals

Baris Kumru, Delft University of Technology - Faculty of Aerospace Engineering, Netherlands

Polymers and polymer composites have been shaping modern aviation by being utilized in primary
(structural) and secondary applications. For a material class with variety of properties exploited in a
wide range of products, it is natural that various physical functionalities and thermomechanical
properfies exist. However, cumrent aviation materials suffer dramatically from sustainability
perspective. Each of these polymers are made from using toxic and hazardous chemicals, require
high energy input for manufacturing and recyclability options are not available. Following Clean
Aviation goals, it is vital that one must focus on the sustainability of aerospace materials as well.

Manufacturing polymers and polymer composites has been optimized over many years, and new
sustainable products must enter the market to demonstrate efforts towards sustainable
tfransformation of aviation industry. This requires studies on multiple levels: designing materials from
lab scale with potential scale-up options, evaluating manufacturing of composites and examining
compatibility towards aerospace applications.

In this talk, our efforts for sustainable polymers and sustainable composites formation will be
summarized with few examples. Synthesis and polymerization of mevalonic lactone methacrylate,
partially biobased monomer, will be elucidated to show lactone-functional thermoplastic polymers.
Additionally, valerolactone-based vinyl monomer and its polymerization under fully green conditions
to generate highly transparent Plexiglass-like material will be shown.

Addifionally, sustainable composite materials will be exhibited. Efforts to obtain sustainable
benzoxazine-based carbon fiber composites suitable for aerospace applications will be shown. Last,
highly stable epoxy accelerators to reduce composite curing temperatures will be discussed.
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Figure 1. Schematic illustration of the submitted talk.

Multi-fidelity evaluation of material alternatives: case study of thermoplastic composites in
aerospace

Ali Al-Lami*, Marc Palardy-Sim, Julieta Barroeta Robles
* German Aerospace Center (DLR), Germany

There is a clear demand for facilitated bottom-up decision-support in the early product design,
material selection, and process planning phases especially in composite applications. Tools for
systematic ecological and economic evaluation of each scenario throughout the entire product life-
cycle are essential fo enhance sustainable development.

There is an increased use of advanced thermoplastic composites in the aerospace industry due to
their advantageous properties, including high strength-to-weight ratios, high fracture toughness, high
thermal stability, and recyclability, and manufacturing methods enabling rapid processes with high
throughput. However, to fully understand their environmental impact, the eco-efficiency of different
life-cycle scenarios is to be studied in a cradle-to-gate or a gate-to-gate evaluation.

In this paper, the German Aerospace Center (DLR) implements its Eco-Efficiency Assessment Model
(EEAM) to assess the manufacturing process of simplified thermoplastic secondary structures at the
facilities of the Canadian National Research Council (NRC). Additional to the data collection, NRC
also assesses the studied scenarios of materials and processes based on the mechanical properties
of the manufactured structures. The results of this paper provide a detailed technical and eco-
efficiency assessment about the compression moulding process and rough estimations about the
other considered life-cycle-stages in a multi-fidelity evaluation. The results of this work would facilitate
a comprehensive cradle-to-grave or a cradle-to-cradle life-cycle assessment (LCA) in the future.

A pre-screening of the solvolysis recycling process for CFRPs based on the mechanical
properties of recovered fibers

Christina Vogiantzi*, Konstantinos Tserpes
* University of Patras, Greece

Over the past few decades, composite materials, and specifically carbon fiber reinforced plastics
(CFRPs), are finding increasing use in the automotive, aerospace, and aeronautics industries. As a
result, the production of CFRPs has been significantly increased, thus leading to a corresponding
increase in the waste production. In the near future, landfill and incineration disposal of waste will
likely be prevented due to legislation, thereby bringing forward the need to develop efficient
recycling processes for CFRPs. However, recycling of CFRPs is very challenging, mainly due to the
difficulty in removing the thermosetting matrix. This paper reports a pre-screening of the solvolysis
recycling process for CFRPs on the basis of the mechanical properties of recovered fibers. To this end,
solvolysis tests were conducted on unidirectional CFRP samples under supercritical and subcritical
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conditions using acetone and water. The solvolysis tests were conducted for various conditions of
temperature, pressure, and processing time. The efficiency of the recycling processes has been
evaluated by means of single-fiber tension tests on the recovered fibers, which were conducted
according tfo the ASTM C 1557-14 standard. In most cases, the decomposition efficiency of the epoxy
resin in the CFRP, measured in ferms of mass, ranged between 90 and 100%. Moreover, the
mechanical fests showed that the recovered fibers retained more than 70% of their initial Young's
modulus and fensile strength.

Low Viscosity Nano-Resins for VARI- and RTM-produced Composite Structures

Maximilian Jux, German Aerospace Center (DLR), Germany

Lightweight structures play a central role in mobility. Thus, research and development of materials
with high specific mechanical performance have always been essential. Carbon fiber-reinforced
plastics (CFRPs) represent an important and still increasing part for applications in aircrafts. However,
CFRPs are prone to matrix dominated properties such as impact strength or fiber parallel compressive
strength. Nanotechnology opens new possibilities to improve these properties. A key challenge is the
fabrication of nanomodified CFRPs. Vacuum assisted resin infusion (VARI) or resin fransfer molding
(RTM) processes are often-used fabrication methods for CFRPs. These processes are realized with low-
viscosity resins, but nano-scaled additives strongly increase viscosity due to their high specific surface
area. An effective way to compensate the increased viscosity is to apply surface-modifications to
the additives. The effect of the surface modifier depends on properties like the length of the
molecular chain or availability of functional groups.

Characterizing the shape-morphing behavior of 4D-printed PLA structures

Konstantinos Stamoulis*, S.K. Georgantzinos, G.P. Kostopoulos, K.P. Stamoulis
* Amsterdam University of Applied Sciences, Netherlands

4D printing technology has gained significant attention in recent years as a promising approach o
developing functional materials and structures that can adapt to different environments and stimuli.
The technology involves the use of smart materials that can undergo shape fransformation or self-
assembly in response to external stimuli, such as temperature, humidity, or light. The potential
applications of 4D printing technology in addressing aviation industrial problems have been
recognized in recent years, where a pressing demand for optimization and automation, as well as a
broader sustainability agenda, has driven research on various aspects of aviafion systems. The
aerospace industry faces significant challenges, including the need for increased safety, efficiency,
and environmental sustainability. 4D-printed structures have the potential to play a crucial role in
meeting these challenges by providing advanced functionalities, such as shape adaptation, self-
repair, and self-sensing. Furthermore, the customization and optimization of the 4D-printed structures
can lead to reduced weight and increased efficiency, contributing to the broader sustainability
agenda.

The focus of this paperis on the shape-morphing behavior of 4D-printed structures, particularly beams
made from polylactic acid (PLA), where the deformation is characterized by bending. The research
involves using a fused deposition modeling (FDM) 3D printer to create structures with different
geometries. The structures are then subjected to various stimuli, such as heat and water, to induce
shape change and observe their smart behavior. To investigate the impact of the machine process
parameters on the structures' shape-morphing behavior, the Taguchi design of experiments is
adopted. The control parameters studied are Printing Speed, Layer Height, Flow Rate, Activation
Temperature, Nozzle Temperature, and Bed Temperature, and each parameter is varied at different
levels. For Printing Speed, levels range from 10 to 60 mm/s, for Layer Height levels range from 0.1 to
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0.3 mm, and for Flow Rate levels range from 1.0 to 1.1. The levels for Activation Temperature range
from 65 to 95 oC, for Nozzle Temperature levels range from 200 to 220 oC, and for Bed Temperature
levels range from 0 to 60 oC. The experimental methods used to create and test the structures are
described in detail, including the manufacturing and post-processing steps. The results of the
experiments reveal that the shape-morphing behavior of the PLA structures is highly dependent on
their geometric parameters, the magnitude of the stimulus applied, and the machine process
parameters. The findings provide insights into the potential applications of 4D printing fechnology
and the design principles for creating 4D-printed structures with desired shape-morphing behaviors.

() (o) (c)

Figure 1. PLA beam preparation and response: (a) CAD geometry, (b) sliced geometry with 0.3 mm layer height,
(c) sliced geometry with 0.1 mm layer height, and (d) bending response of smart beam under thermal stimuli.

Laser shock-based paint stripping from composite substrates: Experiments and finite
element simulation

Kosmas Papadopoulos, Konstantinos Tserpes* Selen Unaldi, Laurent Berthe
* University of Patras, Greece

Laser shock wave applications have been widely used in metals, with the most common and popular
being the laser shock peening. In composite materials, the use of such applications is still at an early
stage. Laser shock stripping is a new method where a laser-induced shock wave is used for removing
paint from metallic or composite substrates. In this study, the laser shock paint stripping from
composite substrates has been studied by both experiments and numerical simulation. Two types of
specimens were tested: a specimen covered by three layers, i.e., an epoxy primer, a structural epoxy
layer and a polyurethane clear coat and a specimen covered by four layers, i.e., an epoxy primer,
a structural epoxy layer, a polyurethane clear coat, and a base coat between the epoxy layer and
the polyurethane layer. The specimens were shot with various laser intensities aiming to obtain the
stripping threshold and the maximum stripping area as functions of the laser intensity. The diameter
of the stripped area was measured by a profilometer. Electrical microscope and Fourier-transform
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infrared spectroscopy (FTIR) were used to accurately detect the fully stripped area without any
remaining epoxy layer. Complimentary fo the tests, numerical models were developed using the LS-
DYNA explicit finite element (FE) software. For the modeling of the composite substrate, a progressive
damage model with strain rate parameters was used while for the epoxy an elastic-plastic-
hydrodynamic material model combined with the Gruneisen equation of state. The interface
between these two materials was simulated with cohesive elements of zero thickness, which
implement the bi-linear traction-separation law. Validation of the models was done through
comparison of the back-face velocities, measured experimentally by the VISAR system, and the
stripping patftern and area. After being validated, the models were used to numerically characterize
the composite/epoxy interface by correlating the stripping threshold laser intensity with the fracture
toughness. The latfter is a first assessment on whether the laser shock technique can be used fo
characterize the interfacial strength of coatings on substrates.

Synthesis of biomaterials by the sol-gel route applied to the aerospace

Antonio D'Angelo*, Veronica Viola, Luigi Vertuccio, Anna Maria Piccirillo and Michelina Catauro
* University of Campania "Luigi Vanvitell", Italy

Microgravity-induced bone loss during spaceflight, which is primarily attributed to an imbalance in
the bone remodeling process, poses a threat to the health of astronauts. In the current study, the
response o microgravity of bone cells, grown in a weightless environment, has been simulated by
using a Random Positioning Machine (RPM). WST-8 assay was used to assess cell viability after 72 hours
of rotation, and the results were compared to the control cell viability. Although there was no
discernible difference in the viability of the two cell groups, F-actin staining revealed that the
microgravity environment causes cell apoptosis and altered F-actin organization. After a period of
72 hours of rotation, the cells were seeded onto biocompatible ZrO2/PCL hybrid coatings, synthetised
using a sol-gel dip-coating procedure, to see if it was possible to halt the trend of the cells tfoward
death. After 24 hours, a WST-8 assay demonstrated that the materials can prevent cells from
becoming susceptible to pro-apoptotic effects of the microgravity.

Improved fatigue life of graphene -modified carbon fiber reinforced polymers through an
analytic compliance-based characterization

Konstantina Zafeiropoulou®, Christina Kostagiannakopoulou, Stavros Tsantzalis, George Soliriadis and
Vassilis Kostopoulos

* Applied Mechanics Laboratory, University of Patras, Greece

The last decades Fiber Reinforced Polymers (FRPs) are used extensively in a wide range of areas,
including aerospace, automobile, aeronautics, tfransportation and military industries due to the
combination of high strength and stiffness properties at low weight [1]. However, while carbon fiber
reinforced polymers (CFRPs) have many opfimal qualities, they also present some drawbacks
preventing their further use as structural material in a variety of applications. It has been
demonstrated that manufacturing defects, brittle nature of epoxy matrix, and a weak fiber-matrix
interface seem to be the principal reasons for delamination failure of FRP composites and their low
out-of-plane interlaminar fracture toughness [2]. As a result, tremendous effort has been focused on
toughness improvement by enhancing the matrix material with nano-particles. The last few years,
there is a considerable attention from research community in graphene based nano-particles due
to their superior mechanical, thermal and electrical properties, and their high absorbability. Few
publications have been cited in the open literature that investigated the mode | interlaminar fracture
toughness of nano-reinforced composites with graphene nano-particles [3-5]. However, until now no
study has been developed for mode | delamination under dynamic loading.
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The aim of this study is to investigate the fatigue delamination growth in mode | of neat and
graphene-modified carbon fiber reinforced epoxy materials. Double cantilever beam (DCB)
specimens were used for the quasi-static tests and the energy release rate Gl as a function of crack
length was determined. For the estimation of fatigue life, the threshold energy release rate (Gth) was
calculated using both 50% and 80% ratio of GImax/Gl.init, whereas the delamination propagation
base on Paris’ law were studied too, for only 80% of the abovementioned ratio. Also, compliance
calibration method (CCM) was followed after the fatigue test in order to record the relation between
the compliance of materials and the delamination length. The results indicate that the introduction
of graphene nano-particles in CFRPs improved their onset life by 100% and 33% for 50% and 80% ratio
of Glmax/Gl,init respectively, while recorded 19% enhanced Gth. Furthermore, the fatigue
propagation behaviour of doped CFRPs was better than the corresponding of neat CFRPs. Finally,
the CCM was in good agreement with the visual observations.
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New drivetrain solutions for rotorcraft and climate-friendly aircraft
Prof. Michael Weigand (TU Vien)

Intelligent Chip Detection System for Drive Train Components of Aircraft

M. Aufreiter*, D. Kagerbauer
* INMOX, Vienna, Austria
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The discussion of the effectiveness of existing chip detector systems in the EASA rulemaking task
RMT.0725 was one of the drivers for us to push the development of a new solution for chip detection.

We developed a new technology for intelligent chip detection to monitor wear particles and
dangerous degradation of critical powertrain components. This tfechnology uses magnetic effects
and enables both detection and automatic characterization of wear particles during operation. The
new sensor system is supported by machine learning and provides data for risk assessment of wear
particles and their assignment to specific component groups. Specific information about the current
status of the gearbox is provided in real-time. The sensor system works at any rotational speed of
components and flow velocity of wear particles as well as with any complexity of assembly. Thus, the
sensor can also be implemented in oil bath-lubricated applications.

This new technology is developed with the goal to help to increase safety during operatfion and give
operators and pilots information about failures as fast, detailed, and reliable as possible.

Rotorcraft Main Transmission with Continuous Variable Ratio - Dynamic Simulation:
Modeling and Results of Simulation

Michael Weigand*, Th. Scheu, A. Poks, F. Donner
*TU Wien, Vienna, Austria

The "VARI-SPEED II” project involves TU Munich, TU Wien, Zoerkler Gears, and Advanced Drivetrain
Technologies GmbH developing a rotorcraft drivefrain that allows variable speed of a rotorcraft's
main rotor. This is beneficial for different speed requirements, reduced noise, and higher efficiency.
Major rotorcraft taken into account are High-Speed Roforcraft (like Airbus RACER) and
Tiltrotor/Tiltwing Aircraft (like Leonardo NextGENCTR-Next Generatoin Civil Tiltrotor). Various
researchers have investigated the benefits and suitable technologies for varying main rotor speed.
Calculation formulas were established to find the ratio distribution of gear stages with the lowest total
mass of the drivetrain, and electric variators are potential solutions. The architecture with two
compound splits before the bevel gear stage was chosen for the dynamic simulation of the drivetrain
due fo ifs favorable design considerations. In the "VARI-SPEED II" project, control of the variable
speed drivetrain is crucial for achieving the desired variable main rotor speed. To achieve opfimal
control, a fuzzy model predictive control (FMPC) approach has been proposed. The FMPC has
several advantages, including the ability fo handle nonlinearities and uncertainties. Furthermore, the
FMPC is real-time capable and can adapt to changing operating conditions. Modeling and results
of simulation will be presented.

Safety of Rotorcraft Drivetrains - Scientific Challenges

Michael Weigand, TU Wien, Vienna, Austria,

Between 2009 and 2016 five severe accidents occurred in North Sea Offshore Helicopter Operation
caused by problems of the Main Gearbox. Three accidents led to nearly 50 fatalities. Two accidents
resp. ditchings of large rotorcraft were triggered by Loss-of-Lubrication situations.

In 2018, EASA released the Rotorcraft Safety Roadmap with the goal to reduce rotorcraft accidents
by 50% by 2028, but with the aim to see clear improvements achieved by 2023.

TU Wien addresses key topics of the EASA Rotorcraft Safety Roadmap in its research and teaching,
and TU Wien conftributed to the EASA Rotorcraft Symposium in 2012, 2016, 2018 and 2021.
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Analysis of the accidents mentioned led to research projects of EASA and the necessity of research
in the following fields was identified:

- Loss-of-lubrication:

- Improvement of fransmission performance under Loss-of-Lubrication Condition

- Simulation and Evaluation in early design phases of rotorcraft fransmissions

- Chip detection: Realibility and necessity of chip detection tests

- Requirement of alternative means of detection of deterioation of bearings and gears
- Integrity improvement of Main Gearboxes of Rotorcraft

- Detection of abrasion & status monitoring

- Safety assessment & FMECA

- Lubricants

- Freewheel operation

The presentation shows which scientific challenges have to be handled and how they can be linked
to Rule Making Tasks (RMT) of EASA, mainly RMT.0608 and RMT.0725.

How Transmissions contribute to climate-friendly propulsion systems of aircraft
Michael Weigand, TU Wien, Vienna, Austria

One of the maijor topics in aviation is the development of climate friendly or even climate neutral
aircraft and propulsion systems. Focus is mainly on solutions for fixed-wing aircraft based on Battery
energy, Hydrogen, Fuel cells and Sustainable Aircraft Fuels (SAF). Reserach in this area is driven
actually mainly by the EU Clean Aviation Joint Undertaking. The activities are linked a.o. to FlightPath
2050 with the goal to be climate neutral in aviation in 2050.

First new system demonstrators are envisaged by the major OEM’s for 2035 meaning a perspective
of entry into service earliest between 2040 and 2050.

However important contributions to reduction of emissions (fuel consumption and noise) have been
reached and can further be reached by approaches like the Geared Turbofan (GTF), UltraFan and
Leap (Leading Edge Aviation Propulsion). All magjor engine suppliers and consortiums work on the
technology of geared turbofans, e.g. RISE of the CFM consortium. It has to be pointed out that these
tfechnological improvements lead also to important economical improvements resulting in a rapidly
growing market share.

New disruptive solutions based on energy from batteries, hydrogen and fuel cells also need
gearboxes to reduce the speed of the high-speed electric motor to the speed of the propeller or
open rotor.

The presentation gives an overview how fransmissions and gearboxes conftribute to climate-friendly
propulsion systems, tfaking also into account the availability (time-line till enfry info service) of the
different solutions.

Experimental analysis of High-Lift Propeller Positions for a Distributed Propulsion
Configuration

Julia Sembowski* Dustin Bongen, Ralf Wokoeck, Stephan Sattler, Daniel Kessler, Philip Frantzheld,
Christoph Strobach, Jorge Gomes, Carsten Lenfers, Rolf Radespiel, Jens Friedrichs

* Tu Braunschweig - IFAS, Germany
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In the scope of electric propulsion, distributed propulsion becomes a highlighted topic, due to the
use of low-emission propellers and a beneficial wing flow. The main objective of the Clean Sky 2
Project DISPROP (Aerodynamic and aeroacoustic modeling of closely operating propellers for
DiStributed PROPulsion, JTI-CS2-2020-CfP11-LPA-01-96) is to create a numerical and experimental
database for a distributed propulsion setup and to improve the current aerodynamical and
aeroacoustic performance. To experimentally investigate the propeller-wing aerodynamic of this
configuration a 2.5D experimental setup was carried out in the closed low speed wind tunnel of the
German-Dutch Wind Tunnels (DNW) in Braunschweig. Preceding to the experiments numerical
studies were performed to determine the most beneficial positions and operating points for this high
lift configuration. The wind tunnel model features a wing of 2.8 m span with a detachable droop nose
and three 35 kW co-rotating propeller drives of 550 mm diameter using TU Delfts XProp Design. The
propulsors are attached directly to the wing, enabling two different span wise, flow wise and vertical
position variations plus a tilted propeller axis in reference to the wing chord to investigate the
occurring effects including the nacelle effects. The adjustable flap of the wing allows different flap
settings in each of the high lift operating points. Measurements include propeller thrust and torque,
pressure taps on the wing behind the center propeller and the drives nacelle as well as flow
visualization using tufts on the wings suction side. To avoid remaining errors due to the wall flow, the
instrumentation is installed at the middle drive as well as the center part of the wing. In addition, the
wind funnel is equipped with spanwise adjustable splitter plates on which slats are mounted to
prevent flow separation in the area near the walls. The paper will show and discuss the aerodynamic
results of the first experimental campaign derived from both, the propeller as well as the wing
instrumentation. Most of the results show a very good agreement with the numerical data in total
and also with regards to local interaction effects of the propulsors with the wing aerodynamics. Due
to the large scale of the experiments in combination with the large test matrix, a unique dataset is
available for the full paper and presentation.

Aircraft Engine Advanced Design

Chaired by:
Dr. Christos Mourouzidis (Cranfield University)

Numerical investigation of metallic fuel addition to Ammonium Dinitramide green
propellant

Rushikesh Kore*, Ashish Vashishtha
* South East Technological University Carlow, Ireland, Ireland

The hunt for "green" propellants to replace existing Ammonium Perchlorate has piqued the attention
of ammonium dinitramide (ADN), as a chlorine-free oxidizer. In 1971 Zelinskiy Institute of Organic
Chemistry, Moscow USSR discovered ADN, which is regarded as one of the most remarkable
breakthroughs in the study of energetic materials. The former USSR employed ADN as the main
oxidizer in one of its Topol-M Missile system engine stages, confirming ADN's viability as a potential
oxidizer in solid propellants. Diniframide innovations discovered by the USSR were severely restricted
to the world till the year 1988. It came into the study after the rediscovery of ADN at Stanford Research
Institute, USA in the year 1997 by Bottaro [1]. Since then, the ADN has been studied by various
researchers. Nowadays, metallic fuels are frequently used in the operation of solid rockets to increase
their performance effectiveness. The combustion cycle with solid propellants depends on the energy
density, flame temperature and regression rate. Adding an energetic metallic compound is one of
the several ways to improve the burn rate of the solid propellant. Metals are energetic materials
which are considered burn rate modifiers and used in solid propellants for increasing specific impulse
and stability in combustion. Analyses have demonstrated that metal additions improve regression
rate, specific impulse, combustion efficiency, etc. This study is motivated to understand the chemical
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effects of metal addition to ADN propellant by using a numerical approach. The current numerical
model considers gas phases finite-rate chemical kinetics for fuel and oxidizer, respectively, based on
the conservation equations for mass, species percentages and energy. To model the ADN and
metallic fuels mixture a detailed coupled gas and condensed phase chemical kinetics has been
obtained from [2] for Ammonium Dinitramide and for Aluminium gas phase chemistry is obtained
from [4]. The developed model has been validated for further studies depending on the previous
experimental [3] and modelling [3.4] work. This arficle summarizes the impact of adding aluminium
metal and their concentrations (in the range of 20-30%) on ADN solid propellants' burning
characteristics. At various pressures, an excellent correlation was achieved for the combustion of the
ADN and metallic mixture which was compared with the experimental curves of temperature, and
species mole fractions. The study will perform a detailed numerical analysis of solid propellant
estimating the burning characteristics of propellant with the addition of aluminium metal to ADN at
different compositions ratio.

Study on the Condensation Behavior of Various Fin Shapes in the Design of a Condenser in
a Water-Enhanced Turbofan (WET) Engine

Mdijid Bhinder, Pela Katsapoxaki* Hariharan Kallath, Jeonghoon Heo, Changmin Cao, El Hassan
Ridouane

* Collins Aerospace Ireland, Ireland

The journey to a climate-neutral aviation system through the European Green Deal is ambitious and
a formidable opportunity for society and citizens. The answers proposed by Clean Aviation will
probably challenge all conventions and classical approaches in bringing forth a real transformation
leading to new propulsion solutions and sustainable vehicle configurations and operations.

The Clean Aviation SWITCH project aims to answer the challenge of climate-neutral Small to Medium
Range (SMR) transport by developing a revolutionarily sustainable gas turbine propulsion system (the
WET engine) and further boosting it with hybridization to improve energy efficiency by 25% and
reduce non-CO:2 related climate impact by more than 60%. In order to ensure its technology
readiness for EIS by 2035, the SWITCH project will validate the hybrid WET's key enabling fechnologies
at TRL4 (WET) and propose a validation plan to achieve TRL6 by 2030. The core of SWITCH is the
revolutionary Water-Enhanced Turbofan (WET) concept, which offers unmatched potential to
enable climate-neutral aviation based on existing and future infrastructure, while also retaining the
key benefits of gas turbine propulsion to meet the full range of thrust, speed, and all other mission
requirements. Wet combustion allows NOx emission reduction of more than 80% and water recovery
traps particles resulting in cleaner exhaust.

One of the technologies developed by Collins Aerospace is a condenser component for the WET
engine. To have a high efficiency and compact condenser, a range of plate/fin geometries are
being explored to provide high surface area to volume ratios and low hydrodynamic resistance. This
will ensure the design targets of size, weight, overall heat transfer and pressure drop are met. High
fidelity and multi-physics models coupling of fluid dynamic, heat transfer and phase change will be
included in condenser design tool with consideration of condensation effects on heat transfer
performance. The developed models are being validated against measurements from testing, such
as measured heat transfer coefficient and pressure loss. This paper will present an overview of the
condenser design tool and latest results.

Scheduling Supersonic Inlet Operation for Improved Integrated Engine Performance

S. Adamidis* D. Del Gatto, C. Mourouzidis, S. Brown, V. Pachidis
* Cranfield University, United Kingdom
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With the imminent entry into service of the next-generation supersonic transport, extensive research
endeavors have been initiated to support updates on ICAO regulations and certification processes
for supersonic fransport vehicles. Within this context, the EU Horizon 2020 SENECA (LTO Noise and
Emissions of Supersonic Aircraft) project has been launched, aiming to comprehensively investigate
the levels of noise and gaseous emissions in the vicinity of airports, as well as evaluate the global
climate impact of the forthcoming supersonic civil aircraft. The fundamental objective of the project
is fo provide its findings to ICAO-level discussions to support the European perspective on necessary
regulations for novel supersonic civil aircraft through scientific research. The present work is carried
out under the umbrella of the SENECA project.

Successful inlet-engine integration is one of the most fundamental challenges in supersonic aircraft
design and performance. Supersonic inlets are typically equipped with several flow control
mechanisms, such as by-pass doors and slots or porous bleeds, which must be scheduled properly to
ensure inlet-engine flow matching and minimise inlet-related installafion losses that impact the
installed thrust, the specific fuel consumption, and the produced noise levels. Specifically, installation
losses should be accounted for by correcting the uninstalled engine performance through
consideration of total pressure losses, boundary layer control bleed drag, spillage drag, bypass drag,
and wave drag.

In the present case study, a 10-passenger twinjet Mach 1.6 business jet equipped with mixed-flow
turbofan engines is assessed. However, the applied methodology can easily be extended to include
fighter jet propulsion systems. A sophisticated method for handling inlet-engine flow matching using
supersonic inlet operating mayps is applied, integrated with thermodynamic cycle modelling. Trade-
off studies are performed among the inlet operation, accounting for the inlet-engine flow matching
and the corresponding drag elements. These studies are utilized to reveal the supersonic inlet design
parameter sensitivities on the overall propulsion system performance. Furthermore, they are used to
investigate the inlet flows scheduling for optfimization of the overall propulsion system performance
throughout the complete flight envelope. Finally, the capability of utilising inlet flows scheduling to
avoid reaching the ‘inlet buzz limit’ is assessed.

Effects on non-uniform swirl on the noise of a jet exhaust

Luis-Manvel Braga-da-Costa-Campos* Pedro da Graga Tavares Alvares Serrdo
* Instituto Superior Técnico - Universidade de Lisboa, Portugal

Swirling flows occur in the exhausts of jet engines. The propagation of sound waves is considered in
an axisymmetric mean flow, with uniform axial velocity and non-uniform swirl, with angular velocity
increasing proportionally to the radial distance. Two simplifications are made: (i) that the maximum
tangential velocity of the mean flow is small compared to the sound speed, (ii) that the Doppler shift
due torotation is much smaller than the wave frequency (including Doppler shift by the uniform axial
flow) divided by the maximum angular velocity of swirl. It is shown that these conditions are not too
restrictive for practical swirling flows in exhaust nozzles, and that they allow the solution of the wave
equation in terms of confluent hypergeometric functions (instead of Bessel functions in the case of
rigid body rotation). This type of radial dependence allows for propagating waves with decaying
amplitude in the case of ‘slow’ swirl, and for evanescent and unstable modes in the case of ‘fast’
swirl. The borderline between ‘slow’ and ‘fast’ swirl is given by a rotation parameter related to the
second approximation (i) above, suggesting that the present results need to be extended to more
general condifions. The theory does apply to atf least the fundamental and lowest-order harmonics
of sound waves in typical jet engines.
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Modern method for rapid automatic propulsion system collaborative design optimisation
through cloud-based microservices

Adriano Isoldi*, Christos Mourouzidis
* Cranfield University, United Kingdom

Engine cycle design is a pivotal part of an aero-engine design process, which is a sub-set of the larger
aircraft conceptual design process. The design process begins with the definition of the requirements
for a new aircraft. These are then sent, in addition to design constraints, to the engine manufacturer
fo carry out the preliminary engine design and thus update the engine data for the airframer. The
process is repeated and continued over several iterations, with airfframe and engine manufacturers
exchanging updated requirements and engine data. Therefore, effective communication between
design specialists is required at each iteration of the design process. However, effective
communication and data exchange between different organisations or even between teams of the
same organisation require tfime-consuming efforts to assure data integrity while protecting the
Intellectual Property (IP) of the participating parties. The work presented herein explores the use of a
cloud-based automatic design system for next generation propulsion systems. This modern engine
design methodology proposes a radical change to the highly iterative process between engine and
airframe designers within the industry, which currently lacks synergistic communication between the
two specialist teams. Compared to the more fraditional “email-based” communication, this method
provides the capability to reduce engine conceptual design development time and thus the overall
product time to market. Additionally, it allows for a highly integrated engine design solution at the
early stages of the engine development. The abovementioned capabilities are feasible through the
exploitation of modern day IT infrastructures and the so called “microservice software architecture”.
The microservice architecture is a software architecture where applications are structured as a
collection of services. It removes the coupling between services, allowing them to be independently
executed, and it provides flexibility on connection handling between different software tools as well
as workflow orchestration for any design optimisation exercise. The individual services interact via
messages to deliver outputs for a given input. Therefore, in the present context, there is no sharing of
service source or the need for local installation of design tools. Furthermore, these services do not
need to be hosted in the same location. The approach is therefore particularly well suited for
collaborative design exercises where tools from different teams (across different geographic
locations) can be independently executed and combined in the evaluation of a design’s
performance. It is worth to mention that the method includes considerations for protecting the IP of
the collaborating parties.

Next-Generation Supersonic Aircraft Engine Design to Align with Current Subsonic Aircraft
Landing & Take-Off (LTO) Cycle Noise

Dario Del Gatto*, Stylianos Adamidis, Christos Mourouzidis, Stephen Brown, Vassilios Pachidis
* Cranfield University, United Kingdom

With the infroduction of next-generation supersonic transport vehicles on the horizon, new research
activities have been started to assist revisions and updates to ICAO regulations and certification
processes for supersonic transport vehicles. In light of this, the EU Horizon 2020 SENECA (LTO noiSe and
EmissionNs of supErsoniC Aircraft) project has been launched to investigate in detail the levels of
noise and gaseous emissions in airports’ vicinity as well as the global environmental impact of next-
generation supersonic civil aircraft. Additionally, the project isinfended to provide its findings to ICAO
level discussions to support the European perspective on necessary regulations for novel supersonic
civil aircraft through scientific research. This paper is under the umbrella of the SENECA project, and
it aims to provide an update on the engine design development for a 10-passenger twinjet Mach 1.6
business jet, from the perspective of noise emissions. The engine design is generated following a newly
developed integrated multi-disciplinary design scheme that accounts forintake and exhaust systems
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design, size, and performance. In this case and in contrast to the subsonic civil applications, engine
noise emissions pose significant limitations on the design space of engines for supersonic vehicles.
The noise limitation criteria regard both the Landing & Take-Off (LTO) cycle as well as the high-altitude
supersonic operations. However, in the current work, the operating regime of the aircraft is limited to
subsonic speeds ‘over-land’ and supersonic speeds ‘over-water’. Thus, the ground level noise impact
of the sonic boom generated at high alfifude supersonic operations falls out of the scope. The noise
related limitation in ferms of LTO cycle that is considered to be of crucial importance in this case is
the engine exhaust jet velocity. To comply with current subsonic engine perceived noise limits
(EPNdB), future supersonic engines will need to produce subsonic exhaust jet velocities during the
LTO cycle. Such a constraint led the engine preliminary design to increased engine size and weight,
compromising the aircraft mission fuel burn capability. To overcame this, two proposed solutions are
assessed in the current study to illustrate potential benefits in terms of LTO noise, while expanding the
available engine design space fo smaller and lighter engines. Both solufions regard variable
geometry technology related to the engine exhaust system. The first regards the implementation of
a convergent-divergent exhaust nozzle with variable throat and exit areas, while the second the
implementation of a flow ejector at the inlet of the exhaust nozzle divergent section. An overview of
the main impact of the abovementioned solutions on the engine design space, size, weight, and
performance as well as overall aircraft performance is presented herein.

Experimental Investigation of the Effect of Hydrogen Enrichment on Flame Structures:
Insights into Flame Characteristics and Stability

Maria-Grazia de Giorgi * Sara Bonuso, Zubair Ali Shah, Ghazanfar Mehdi
* University of Salento, Italy

The gas turbine industry is exploring lean premixed combustion of hydrogen-enriched fuel blends as
a promising solution for reducing greenhouse gas emissions and NOx emissions. Many gas turbines
currently have the capability to burn mixtures of hydrocarbons and hydrogen in varying proportions.
However, efficiently mixing hydrogen and air prior to combustion is challenging, and micromixing
technologies have been developed to prevent high-temperature stoichiometric reaction layers at
the hydrogen injector outlet, which can lead to high NOx emission levels and thermal stress.

Hydrogen enrichment is increasingly explored as a potential method to enhance combustion
processes and reduce greenhouse gas emissions. This study delves intfo the effects of hydrogen
enrichment on flame structures, specifically focusing on maintaining a constant thermal output of
5.06 kW. Through the ufilization of high-speed chemiluminescence imaging, the researchers
compared two fueling conditions: pure methane/air and methane with the addition of hydrogen.

The results of the investigation demonstrate that hydrogen enrichment has notable influences on
flame characteristics. The flames produced with hydrogen enrichment exhibit a slightly shorter length
and a wider angle, which can be attributed to the heightened expansion occurring within the
Combustion Recirculation Zone. Additionally, the emission of UV light is significantly affected, resulting
in a shiffed luminosity zone and reduced variance.

To gain further insights into the underlying mechanisms, the researchers employed Proper Orthogonall
Decomposition (POD) and Singular Proper Orthogonal Decomposition (SPOD) analyses. These
analyses unveiled coherent structures and energetic modes within the flames. The inclusion of
hydrogen enrichment resulted in the emergence of smaller structures near the nozzle exit,
accompanied by longitudinal oscillations and vortex shedding phenomena.

The findings of this study conftribute to an enhanced understanding of hydrogen's impact on flame
characteristics. By shedding light on the alterations in flame structures induced by hydrogen
enrichment, this research aids in advancing the quest forimproved flame stability. Furthermore, these
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insights hold significance in the ongoing exploration of hydrogen as an alternative energy source
with potential environmental benefits.

Scaled flight festing
Prof. Andreas Stronmayer (University of Stuttgart)

Scaled Flight Testing - Concept of the modular Scaled Flight Demonstrator e-Genius-Mod
from Baseline Configuration to Distributed Electric Propulsion

Dominique Paul Bergmann, University of Stuttgart, Institute of Aircraft Design, Germany

A sustainable future aviation industry requires new technologies to achieve the goal to reduce
emissions as set in the Flightpath 2050 by the European Commission. To become more
environmentally friendly new propulsion configurations were investigated in several research
projects. Two of this are Wing Tip Propellers (WTP) and Distributed Electric Propulsion (DEP).

The development of such new technologies involves a major risk for the industry. To connect the
upstream research and commercial development the modular Scaled Flight Demonstrator (SFD) e-
Genius-Mod was developed at the University of Stuttgart. The SFD was realized to make new
technologies and configuration feasible in flight.

The presentation gives a brief overview of the SFD e-Genius-Mod in his baseline configuration, the
modification to investigate WTP and DEP and an insight into the flight test results.

Use of flexible architecture and automation language to ease testing of controllers and
functionality of unconventional architectures

Nicola Genito* Gianluigi Di Capua, Luca Garbarino, Gianfranco Morani, Riccardo Rocchio
* CIRA, Italy

In Platform 1 of the Clean Sky 2 Large Passenger Aircraft - Integrated Aeronautics Demonstration
Platform (LPA-IADP), WP1.6 aimed at discovering a strategy to reduce emissions of Large Passenger
Aircraft. In this frame, the use of Hybrid Electric Propulsion (HEP) was identified as a possible solution
and, specifically, Distributed Electrical Propulsion (DEP) was found as an important enabler for HEP
future development.

To foster DEP adoption for large passenger aircraft architectures, a strategic roadmap was
implemented including flight testing of a flying demonstrator called D08 “Radical Configuration Flight
Test Demonstrator”.

Within this plan, Italion Aerospace Research Centre (CIRA) is in charge of developing an aircraft
Guidance, Navigation and Control (GNC) system to be integrated in a dedicated testing framework
for supporting demonstration with the D08.

This work will benefit from the GNC system already developed by CIRA in the WP1.3.5 of the same
project that was designed for supporting flight testing of the Dynamically Scaled Vehicle D03
demonstrator. This system will be updated in order to ease flight testing of an aircraft with DEP.
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The D03 testing framework was developed with the objective of supporting demonstration
campaign. This was achieved through the inclusion of aninstruction language that allows performing
complex missions and test maneuvers autonomously increasing repeatability in flight-testing.

Differently from current commercial autopilots that offer full furnkey solutions for remote piloting of
unmanned aircraft but with limited possibility of being customized for new aircraft configurations, the
proposed autopilot solution has been specifically designed for increasing experimental flexibility.

This paper describes how the proposed autopilot supports innovative configuration of the aircraft by
easing integration of custom advanced control laws architectures and strategies. Moreover, it will
be explained how this procedure was facilitated thanks o the modularity of the SW architecture and
providing a specifically development framework allowing the users to integrate their modules
following a sequence of simple steps.

These two characteristics, repeatability and modularity, can be also combined thanks to the flexibility
of the GNC SW and to the automation instruction language mentioned earlier that allows selecting
the custom control modules instead of the available standard ones for performing an automated
sequence of experimental maneuvers.

Last but not least, to support demonstration of unconventional aircraft configurations the Ground
Remote Pilot Stafion (GRPS) embeds the aircraft real time simulator for verification and validation
that, fogether with the above descripted functiondlities, allow fast-time testing in few steps of the
custom developed control laws, as of the whole SW, and, in addition, to train a remote pilot to
operate this E-demonstrator.

Such GNC, together with the development framework, will ease the design of confrol laws
architectures and strategies and automated flight tests of unconventional DEP demonstrators. Thanks
to this platform, the flight campaign of the D08 can be executed reaching the goal of demonstrating
feasibility of HEP in large platform aircraft attempting to reduce theirimpact on the environment.

Approach to a preliminary design and scaling methodology of flexible kites for airborne
wind energy applications in the maritime sector

Achim Kuhn*, Klaus Heudorfer, Andreas Strohmayer
* University of Stuttgart - Institute of Aircraft Design, Germany

As far as climate goals are concerned, renewable energy sources play an important role. Concepts
and systems in the field of Airborne Wind Energy (AWE) provide the potential to harvest the enormous
available energy of high-altitude wind resources. A well-known AWE concept is a tethered kite that
flies dynamic maneuvers at heights not reachable by other wind energy systems, providing high
fraction forces, which are converted into green electricity by generators on the ground. For
maximization of the energy yield, the kite design must account for the high loads encountered, while
providing the desired flight characteristics and flight performance during operation. The design of
such tethered AWE kites requires appropriate methods that ftake into account the flexible
characteristics and in-flight deformation during operation, in contrast to the fixed-wing design in
classic aviation.

In this work, an approach for a preliminary design and scaling methodology of flexible kites in the
field of AWE is developed. In general, the following points are considered:

- Flight behavior due to kite properties (Airfoil, geometry, material, rope attachment points, etc.)

- Rope load transmission and control inputs (Controllability and change in the shape of the flexible
structure)

- Material and lightweight aspects
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- Scalability

For this purpose, the methodology is structured in several sections, which allow an iterative design
with an increasing level of detail. The requirements and boundary conditions are chosen based on
a use case in the maritime sector. Furthermore, a design point is derived on this basis and an initial
sizing is done to determine the relevant geometric parameters. Finally, the inifial results of the
developed methodology are evaluated and compared with flight test results.

Preliminary design of a multirotor UAV for indoor search and rescue applications

Chris Pliakos*, Stathis Viachos, Chris Bliamis, Kyros Yakinthos

* Laboratory of Fluid Mechanics and Turbomachinery, Aristotle University of Thessaloniki, Greece,
Greece

Multirotor UAVs have become an essential tool in a wider range of applications, including among
others disaster management, and search and rescue (SAR) operatfions. Typically, these systems
operate outdoors, with their guidance and positioning being based primarily on GPS. This work is
focused on the design and optimization of a multirotor UAV specifically tailored for indoor SAR
applications, where GPS signal is unavailable, and obstacles are prevalent. The design incorporates
a lightweight frame structure, in order to increase the UAV's payload capability. This is necessary,
since the UAV requires multiple obstacle recognition and avoidance sensors, as well as thermal and
optical cameras, to successfully accomplish its mission objectives in a GPS-denied environment.
Towards this goal, various frade studies were conducted including different motor/propeller
configurations and airframe FEM analyses. The aerodynamic performance of the UAV is evaluated
using dedicated CFD analyses that also incorporate the effect of propellers. Additionally, the
adequate cooling of the UAV's electronic systems is also considered for different operating
conditions (e.g., low-velocity cruise, hovering etc). Lastly, a prototype of the designed configuration
is produced using additive manufacturing methods and initial flight tests of the UAV are performed.

Artificial Intelligence & Regulatory Compliance

Filippo Tomasello, Elisa Spiller, Simona Turco *
*Deep Blue, Italy

Governments and industry are investing in development of applications based on Artificial
Intelligence (Al) and Machine Learning (ML). However, especially in aviation, to make such
application become a reality on the filed or in the cockpit, involved organisation would need to
demonstrate to the competent aviation authorities that these systems are sufficiently safe, secure
and socially acceptable. There might be two beliefs in the community:

a) there are no rules on Al/ML for aviation applications, because these two techncologies are very
innovative and of course regulations are lagging behind, and

b) in any case, it is not necessary to pay attention to regulations during development, because
compliance would become an issue only at the highest Technical Readiness Levels (TRL) which
comes downstream of research and development.

Unfortunately both beliefs are wrong.

In fact, the project Human Al tfeaming Knowledge and Understanding for aviation safety (HAIKU
https://cordis.europa.eu/project/id/101075332) funded by the European Commission has
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demonstrated that several EU/EASA rules, being performance-based and technology-agnostic, are
already applicable to Al systems.

Furthermore, HAIKU has identified which requirements should be complied with from beginning of a
development project. Otherwise, it would be extremely hard for the final user of the system to
reconstruct all the documentation to obtain approval by the competent authority.

Enhancement of multirotor UAV conceptual design through Machine Learning algorithms

Chris Pliakos*, Dimitrios Terzis, Stathis Vlachos, Chris Bliamis, Kyros Yakinthos

* Laboratory of Fluid Mechanics and Turbomachinery, Aristotle University of Thessaloniki, Greece,
Greece

Designing an efficient and optimized multirotor UAV requires laborious trade-off analyses, involving
numerous design variables and mission requirement parameters, especially during the early
conceptual design phase. The large number of unknown parameters, as well as the associated
design effort often leads to non-optimal designs, for the sake of time efficiency. This work presents
the implementation of a machine learning (ML) framework to assist and expedite the conceptual
design phase of multirotor UAVs. The framework utilizes information from a comprehensive database
of commercial lightweight multirotor UAVs. The database contains an extensive collection of crucial
sizing parameters, performance metrics, and features associated with foldability and indoor
guidance (e.g., obstacle avoidance sensors). These attributes specifically pertain to multirotor UAVs
weighing less than 2kg, which exhibit diverse design and performance characteristics. The proposed
ML framework employs multiple regression models (e.g. k-nearest neighbors regression, Multi-layer
perceptron regression) to predict the sizing parameters during a multirotor UAV's conceptual design
phase. This enables designers to make quick informed decisions, while also significantly reducing
computational time and effort. Finally, the ML framework's predictive capability is validated by
comparing the predicted values with real-world data from an "unseen" test dataset.

Life Cycle Assessment in aviation

Chaired by:
Mrs. Ligeia Paletti (NLR)

On the definition, assessment and enhancement of circularity in differentindustrial sectors:
A literature survey

Christina Vogiantzi*, Konstantinos Tserpes
* University of Patras, Greece

Circularity has emerged recently as a critical strategy for promoting sustainability and reducing waste
across diverse industrial sectors. This paper provides an overview of circularity in the aerospace, the
wind energy, the automotive, the sports equipment and the tfransportation industries using data from
the literature and the EC funded research project “RECREATE”. The survey reviews the various
definitions and approaches and metrics used to assess circularity in these industries, including closed-
loop systems, recycling, and life cycle assessment. It also explores the challenges, opportunities, and
the available tools for enhancing circularity, such as eco-design, circular business models and digital
fools. The survey highlights the importance of a holistic and systematic approach to circularity,
involving all stakeholders along the value chain. Additionally, it investigates the role of policy
frameworks and regulations in advancing circularity in these industries. Overall, this work aims to
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contribute to a deeper understanding of circularity and provides insights for future research to
promote a more sustainable and circular economy.

Towards Sustainable Aviation: Addressing Gaps and Future Perspectives in Life Cycle
Assessment

Antonia Rahn* Joana Albano, Kai Wicke
* German Aerospace Center (e.V.), Germany

Life Cycle Assessment (LCA) is an increasingly vital tool for assessing the environmental impact of
aircraft, which is a growing concern for the aviation industry. While significant progress has been
made in recent years, there are still critical gaps in understanding the environmental impact of
aviation. In particular, there is a lack of a proper aircraft-specific inventory, which limits accurate LCA
calculations. In addition, there is no common understanding of how to link LCA results to flight impacts
at high altitudes.

This presentation provides a comprehensive overview of these gaps, including their causes,
consequences, and possible solutions. In particular, we highlight the importance of developing an
aircraft-specific database, which is being addressed within the ALICIA project at the German
Aerospace Center (DLR e.V.). Finally, we provide an outlook on the future development of LCA for
aviation, including the need for further research and development in this area.

Estimating Maintenance Costs of New Aircraft Concepts under Consideration of
Uncertainties: A Feasibility Study

Jennifer Wehrspohn* Ahmad Ali Pohya, Kai Wicke, Gerko Wende
* German Aerospace Center (DLR), Germany

The urgent need for green air mobility has led to the development of new and innovative aircraft
conceptfs aimed at reducing environmental impact. However, for these concepts to be truly
successful, it is crucial not only to focus on minimising their environmental footprint, but also fo
establish a viable business case for operators. To achieve this, a thorough analysis of life cycle costs,
including maintenance costs, is essential. While there has been significant progress in the infroduction
of new technologies, such as fuel cell systems on aircraft, the study of their maintenance costs is often
neglected or little researched. Therefore, the objective of this study is to systematically estimate the
share of maintenance costs in the life cycle of hybrid electric aircraft concepts using fuel cell systems
as a replacement for the Auxiliary Power Unit (APU).

In order to do this, an analysis will be carried out comparing conventional aircraft systems with those
incorporating fuel cell systems. The analysis will include a detailed technical examination of the two
systems to identify key differences and categorise them. Expert knowledge is then gathered to assess
the expected life and maintenance activities associated with the identified system changes.

In the early stages of product development, when information may be scarce, probabilistic
approaches cannot be used due to the assumption of the central limit theorem. To mitigate this, the
Dempster-Shafer Theory of Evidence can be used to overcome this limitation. Expert opinion,
empirical data and other available information can at this point help to achieve a meaningful and
comprehensive assessment of maintenance costs. We want to investigate the effectiveness of
evidence theoretic approaches by combining evidences gathered by expert interviews so that the
uncertainties surrounding maintenance costs can be effectively addressed, resulting in more robust
and reliable cost estimates.
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Furthermore, a global sensitivity analysis is performed to quantify the impact of uncertainties of input
variables on the estimated maintenance costs. This analysis helps to identify the key drivers of cost
variation and to understand how changes in different parameters affect the overall maintenance
cost estimate. By systematically varying input variables and observing their effects, critical factors
can be identified to guide further investigation and refine design decisions.

This feasibility study serves as a demonstration of early maintenance cost estimation during the
product development process, using a novel framework which combines evidence theory and
global sensitivity analysis. The results of this study contribute to the establishment of a comprehensive
knowledge of maintenance costs and associated boundary conditions. More importantly, this
information can be effectively fed back into the development process, facilitating informed decision
making and increasing the potential for successful integration of fuel cell systems or other emerging
technologies into future aircraft concepts. With a solid understanding of maintenance costs,
stakeholders can make informed decisions that balance environmental sustainability and economic
viability in the pursuit of green air mobility.

Life cycle impact of travelling with planes, trains and automobiles

Rui Roosien*, M.N.A Lim, S.M. Petermeijer, W.F. Lammen, N.D.K. Sutopo
* Netherlands Aerospace Centre NLR, Netherlands

The study consists of a comparative life cycle impact assessment of the greenhouse gas (GHG)
emissions involved with fravelling from Amersfoort, The Netherlands, to one of five explementary
destinations in Europe by passenger aircraft, train or passenger car.

The work highlights how the emissions are distributed over different life cycle groups and phases for
specific, modern vehicles instead of (sometimes outdated) fleet averages. For the aircraft, the work
includes emission calculations for frajectory-based non-CO2 emissions made specifically for this study.
This gives a better insight in the impact of non-CO2 emissions of short haul flights compared to the
majority of studies that use a fixed factor to account for non-COz. For the other modadalities, the
assessment is based on literature values. With a sensitivity analysis, the impact of the most important
assumptions in this study is demonstrated. Finally, the work includes an outlook info the climate
impact of future aircraft with more sustainable powertrains for which little LCA data is available.

The study shows the life cycle GHG emissions for trips made to the five explementary destinations,
made by a passenger aircraft, frain and passenger car, expressed as kg CO2eq per passenger, per
trip, per vehicle kilometre travelled and per passenger kilometre travelled. For all destinations the
frain is the mode of transport with the least GHG emissions per passenger per trip. Aircraft and electric
passenger car are closely tied for second place with longer distances favouring the aircraft and
shorter distances favouring the passenger car. The petrol passenger caris the least sustainable mode
of fransport in all scenarios. An assessment of future aircraft operating on a sustainable aviation fuel
and hydrogen demonstrates the potential of these technologies in reducing the GHG emissions of
air fransport.

Challenges in the Life Cycle Assessment (LCA) of fibre reinforced polymers using the
example of a composite aircraft interior shell.

Jens Bachmann, DLR, Germany
Lightweight structures made of fibre reinforced polymers (FRP) already play an important role in the

reduction of fuel consumption in the aviation sector. Life Cycle Assessment (LCA) is a tool to support
decision making by giving information on different categories of potential environmental impacts.
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While nowadays the aircraft use phase is by far predominant in the majority of the environmental
impact categories considered in LCA, both production and end-of-life must not be disregarded in
order to ensure the smallest possible ecological footprint.

In this presentation, a preliminary LCA from a business class seat shell demonstrator in the SUCOHS*
EU project will show potential reductions of environmental impacts by choice of materials and
manufacturing method (AFP, Automated Fibre Placement) compared to the state-of-the-art
sandwich structure. Based on this example, today's challenges in the LCA FRP and aviation in general
are addressed and needs for future developments are identified.

*) SuCoHS (Sustainable and cost efficient high-performance composite structures demanding
temperature and fire resistance). This project has received funding from the European Union's Horizon
2020 research and innovation programme under grant agreement No 769178.

Proposed LCA approach to estimate the Environmental Impact due to High Altitude
Platform Systems

Mario Antonio Solazzo*, Lidia Travascio, Angela Vozella
* CIRA - Centro Italiano Ricerche Aerospaziali, Italy

The anthropic activities, starting from the early industrial development phases, are pointed-out as
concurrent causes affecting the environmental conditions of planet Earth as well as people life
quality. Evidences of these influences have been observed even in the more remote territories like
North and Australis poles. Every day news report about extreme meteorological events affecting vast
geographical areas with heavy loss in ferms of victims and damages to infrastructures. In these
potential risk scenarios, it is extremely important to support emergency management with fimely and
accurate geo-spatial information and also to restore minimal communication services.

In these severe conditions a relevant role may be played by High-Altitude Platform Systems (HAPS)
operating at high alfitudes, ranging from 17 to 22 kilometres, typically in the stratosphere, extending
coverage for large areas and improving connectivity in remote or underserved areas, bridging the
digital divide and providing connectivity to rural or isolated regions, carmrying remote sensing
instruments, such asimaging sensors or atmospheric sensors, fo gather data about the Earth's surface,
weather patterns, or atmospheric conditions.

To analyse their sustainability, the proposed work presents the implementation of a Life Cycle Impact
Assessment (LCIA) for two distinct “lighter than air” configurations: an “innovative blimp airship” (IBA)
and a classical blimp airship (CBA) as baseline. Both IBA and CBA airships have been considered as
unmanned vehicles. The goal of this activity is fo support the characterization and validation of the
environmental contribution due to innovative technologies, concepts and industrial processes
adopted for the development of such HAPS configurations. For this assessment SimaPro tool has been
used. The applied methodology has adopted the ISO standards: ISO-14040:2006 and ISO-14044:2018
as guidelines to estimate the collectable benefits due fo the adoption of innovative eco-design
solutions. Specifically, the following phases will be analysed: Raw Material Acquisifion,
Manufacturing/Assembly, Operation and Disposal, while for the other life cycle steps only general
consideration will be done.

Hydrogen in Aviation

Mr. Hugues FELIX
(European Climate, Infrastructure and Environment Executive Agency - CINEA)
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OVERLEAF / H2ELIOS: Hydrogen-Powered Aviation LH2 Storage

Emma Lope* Jorge Martinez
* Aciturri, Spain

The use of hydrogen in aviation, among other challenges, highlights the need to develop liquid
hydrogen storage that optimizes the volume needed in the aircraft.

The validation of new storage solutions requires regularization and standardization of tests to ensure
safety in flight as well as on ground. To do this, it is necessary to identify specific test centers to carry
out tests in a cryogenic environment with specialized personnel.

Aciturri is in full development of 4 projects related to the storage of hydrogen, both liquid and gas.
Therefore, based on this experience, it will be share the current state of the different challenges
facing the aeronautical sector for the integration of hydrogen.

HOPE: hydrogen optimized multi-fuel propulsion system for clean and silent aircraft

Feijia Yin*, Arvind Gangoli Rao, Roberto Merino Martinez, Alexander Heidebrecht, Moritz Kolb, Arne
Seitz, Xin Zhao, Ling Lim, Lorenzo Mazzei, Rita Ponza, Ernesto Benini

* Delft University of Technology, Netherlands

The aviation industry has been growing rapidly until the COVID-19 pandemic. The ICAO Post-
COVID-19 forecasts indicate that aviation will recover with an average growth rate of 3.6%1. Air
fraffic growth inevitably causes an increase in aviation's combustion and noise emissions, hence
aggravating aviation's environmental and societal impact locally and globally. The recently
funded Horizon Europe project HOPE focuses on the development of a multi-fuel propulsion system
fo minimize the environmental impact of future aviation. This abstract infroduces the rationale of
the HOPE concept, the innovative aspects of the aircraft engine system, and its potential in
reducing the environmental impact.

HOPE will deliver an integrated aircraft propulsion system comprising two multi-fuel ultra-high
bypass ratio (UHBR) turbofan engines, a fuel cell based auxiliary propulsion and power unit (FC-
APPU) driving an aft boundary layer ingestion (BLI) propulsor based on existing fube-wing aircraft
configuration (see Figure). The expected advantages of HOPE system are the following aspects:

¢ Minimize the combustion and noise emissions during landing and takeoff cycle (LTO cycle), by
switching to hydrogen-fueled electric-only operations in situations where emissions and noise
matter most, without compromising efficiency in cruise;

* Being compliant with operational profiles, e.g. continuous descending approach, to abate LTO
noise;

* Modify an existing aircraft configuration, allowing substantially shortened development time;

* De-risk the use of hydrogen in aircraft configurations by infroducing hydrogen technology as an
“add-on”;

* Smooth aviation’s energy transition through the assessment and exploitation of several greener
propulsion technologies at different maturity levels. The emission goals consist of LTO NOx: -50%, CO:
-50%, soot: -80%, perceived noise: -20% (i.e. ~3 Db per operation), and climate impact: -30%
(including the effects from NOx, CO2 and conftrails), compared tfo state-of-the-art fechnology (e.g.,
A320neo).
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Sustainable UAM concepts

Mr. Hugues FELIX
(European Climate, Infrastructure and Environment Executive Agency - CINEA)

FF2020: Sustainable Urban Drone Operations

Filippo Tomasello, Arthur Dallau, Pasquale Junior Capasso, Sara Molinari *
* EuroUSC Italia Itd, Italy

All experts in the world agree that to really develop in a societal acceptable way, operations of
Unmanned Aircraft Systems (UAS, so called drones) above populated areas need to be safe, secure,
environmental friendly (e.g. noise) and lawful (e.g. liability, privacy, compliant with urban land use).
However, for both commercial organisations and entities carrying flights in the public interest, these
operations need to be economically sustainable. Two examples can be : (1) urgent transport of
medical equipment (e.g. defibrillator), not on aroutinary basis, but on call, when and where needed,
and (2) security or plant safety applications in which a drone sits in its 'nest’, fed by a battery charger,
but ready to take off and collect imagery of other sensory information, when triggered by security
personnel or by automatic alerts (e.g. a camera spotting an individual penetrating a perimeter).
Clearly these applications must be available 24/7, but they will be used seldom. Deploying one
remote pilot for each 'sleeping' drone 24/7 would lead to enormous service costs, difficult fo be
sustained by any organisation. The drone hence needs to be completely autonomous, meaning that
a remote pilot would no longer be necessary. 'Drones in the box' already exist today and therefore
technically these solutions are feasible. Organisation of the operations, however, goes beyond
technical feasibility. According to the Automation Concept under development by the Joint
Authorities for Rulemaking on Unmanned Systems (JARUS), this is level 5 of automation, in which there
is neither involvement of remote pilot in the aircraft functions (on ground and in flight), nor human
awareness of dynamic operational parameters. In other words, the 24/7 operations, to be
economically sustainable, should completely eliminate the remote pilot. Nevertheless, a UAS
operator (i.e. the legal entity organising the operations, being accountable for them and obtaining
the necessary approvals) would still exist. And a professional job profile would still be necessary, to
possibly frigger the flight, receive the collected information and act upon or, should it be necessary,
activate the emergency response plan. This professional would neither need to be trained nor
licenced as remote pilot. But the position should be 24/7. In the two mentioned examples, security
personnel may be in service 24/7 to protect certain installations (e.g. hospitals) or to provide medical
emergency services (e-g- 118 in Italy). These operations would therefore become economically
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sustainable if these personnel were trained by the operator for this part-time on demand duty. Project
Flying Forward 2020 (FF 2020) funded by the European Agency CINEA, has named this function 'Fleet
Manager' and intends to standardise it through ISO, for global harmonisation.

UAS Safety

Mr. Hugues FELIX
(European Climate, Infrastructure and Environment Executive Agency - CINEA)

Labyrinth: towards a safe, automatic and coordinated UAV air traffic. Lessons from
operation.

Fernando Quevedo* Blanca Lépez, Javier Muioz, Luis Moreno, Concepcién A. Monje., Santiago
Garrido

* Universidad Carlos Ill Madrid, Spain

Unmanned aerial vehicles (UAVs) have gathered significant attenfion in research, gradually
expanding their range of applications. However, due to regulatory limitations, the utilization of drones
remains restricted despite their increasing availability to the general public.

Addressing this issue, the LABYRINTH project, conceived under the SESAR initiative, aims to create an
automatic and safe U-SPACE (a new framework designed to integrate drone operations at low level
airspace), enabling any possible drone application. This system will serve as a reference point to
accelerate regulatory frameworks and future implementations.

Nevertheless, this project does not come without its own challenges. High in-flight coordination in
close areas for segregated operators and Ground Control Station (GCS), is a challenge. To tackle
this, two core systems have been created: an Unmanned Traffic Manager (UTM) and a global
planner. The latter was developed using state-of-the-art techniques (fast marching square, 4D
deconfliction, flight levels) which were successfully intertwined, creating spatially and temporally
congruent trajectories between drones.

Although the system provides a significant advance, still areas of improvement have been detected
from the different real test use cases. Drone takeoffs demand careful consideration, particularly
regarding proximity to obstacles. Time windows for path execution often prove too narrow,
producing a cascading effect to other drones and possibly overloading the system. Emergency
contingencies must be provided in the plan, to avoid loss of communication.

Digitalization of Manufacturing, sustainable manufacturing and MRO

Mr. Hugues FELIX
(European Climate, Infrastructure and Environment Executive Agency - CINEA)

SUSTAINAIr: Joining of similar and dissimilar aircraft materials for new and recycled
composites and metals

Senne Sterk* Ruben Nahuis
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* Royal Netherlands Aerospace Centre NLR, Netherlands

Within the Horizon 2020 project SUSTAINair one of the research topics is joining of similar and dissimilar
aircraft materials for new (1st life) and recycled (2nd life) composites and metals. SUSTAINair applies
circular economy principles to the design, manufacturing, operations and end-of-life phases of
aircraft. The aim is fo increase resource efficiency and aircraft performance while reducing waste
and material costs throughout the aircraft life cycle, what is known as circular aviatfion. In total 11
partners are involved each working and collaborating on the different topics.

On the topic of joining 7 partners research the differences in overall quality of the different joints and
joining techniques, applied on the selected material combinations. The aspects include joining for
production of assemblies as well as repair of metal-to-metal, metal-to-composite and composite-to-
composite (thermoset and thermoplastic) material combinations for 1st and 2nd life materials.
Materials under consideration are novel aluminium alloys, Titanium, EPDM and carbon fibre
reinforced epoxy, PPS and LM-PAEK. The joining fechniques researched are laser welding, friction stir
welding and MIG for the metals, induction and conduction welding for thermoplastics and co-curing
and bonding for thermosets. The metal samples are novel Al-alloys made through high pressure die
casting (HPDC) as well as standard TibAl4V samples. Also hybrid joints between the metals and the
thermoplastic and thermoset samples are investigated. Interface strength is improved by addition of
small pins through 3D printing or WAAM/LDED and by a laser pretreatment. The pins interlock with the
composite counterpart and thereby improving strength and durability.

The joints will be evaluated in terms of — for example — strength and structural integrity, using mainly
single lap-joints and L-type test artficles. Subobjectives are the setup of a database with test results
for the several joining tfechniques, material combinations and sensors, both for new and recycled
material. Performance is measured in terms of static and dynamic strength. The outcome of this
research will be highlighted in the presentation and paper.

This project has received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement No 101006952.

SUSTAINAir: Damage Diagnostics to support Maintenance, Repair and Overhaul for
SUSTAINability increase of Airframe and Engine Parts

Christoph Kralovec, Johannes Keppler Universitat Linz, Austria

Modern airframe and engine parts need to meet manyfold requirements. Extireme light-weighting
combined with the integration of novel functions, like e.g. morphing aerodynamic surfaces, enable
novel aircraft design solutions that are more efficient, and thus, more sustainable during flight
operation. Typical for these designs is a multi-material mix which requires multi-material joints.
Considering, today'’s circular aviation this results in apparently contradictory joining requirements as,
(i) highest strength, durability and reliability are needed, and (i) highest repair capabilities and
recycling rates have to be enabled, the latter by detachable joints and composite materials.

The Horizon 2020 project “SUSTAINability increase of lightweight, multifunctional and intelligent
airframe and engine parts” with its 11 partners from industry and academia addresses the aspects of
circular design by researching numerous key enabling technologies for ftomorrow’s multi-material
joints. Among these, the project work package “"Damage Diagnostics” researches novel sensor
technologies and their application for structural health monitoring of ajoint fo reduce manufacturing
and operational uncertainties on the integrity. This shall enable the transformation from today’s
scheduled maintenance to tomorrow’s condition-based and predictive maintenance, thereby,
avoiding operational downfimes and supporting repair and overhaul by early damage identification.

The research includes, (i) the fundamental understanding of joint damage initiation and
propagation, (i) the development and tailoring of sensors and their structural infegration, and (iii) the
L L ]
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identification and evaluation of measurable damage effects and the development of reliable
damage diagnostics in operational conditions.

Within the SUSTAINair project, a co-cured pinned hybrid titanium-composite single-lap-shear (SLS)
joint is used as a case example. Static and cyclic tension tests are used to analyze the damaging
behavior of the considered hybrid SLS joint. The results are consistent with results from similar joints
described in the literature and clearly show its robustness and damage ftolerance. Novel extremely
thin, flexible and lightweight piezoelectric sensors based on piezoelectric nanofibers are
investigated, further enhanced, tested and tailored to enable the integration of a sensor network to
the case example. And lastly, a multi-method damage diagnostic concept for pinned hybrid joints
that applies piezoelectric sensors and electric contacting of the structure itself for sensing, and uses
various active and passive damage evaluation methods is presented and experimentally
demonstrated by the considered hylbrid SLS joint.

This project has received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement No 101006952.

DOMMINIO: Next generation multifunctional materials and composites by assessing
integrated carbon nanotube sensors for strain monitoring of thermoplastic laminates

Moisés Zarzoso* Anastasiia Mikhalchan, Carlos Gonzdlez, Juan José Vilatela, Ricardo Loasada,
Pablo Romero , Alexandru lonel and Cesar Banu

* IMDEA Materials Institute /Universidad Politécnica de Madrid, Spain

The current approach for maintaining civil aviation aircraft involves scheduled maintenance
inspections performed on the ground, where Non-Destructive Inspections (NDI) are conducted to
identify any structural damage. This type of inspection requires direct access to the component,
which makes the process more expensive or even unfeasible for infernal components. In the case of
composite material structures, this process is further complicated by the complex behaviour of this
type of material under damage.

In this context, the Structural Health Monitoring (SHM) of composite airframe parts plays a crucial role
in evaluating their performance and integrity. Since the SHM system utilizes sensors installed within the
structure, there is no need to remove surrounding infernal components for inspection.

Currently investigated SHM systems are based on several types of sensors, such as strain gauges,
accelerometers, and ultrasonic sensors. Unfortunately, most of the strategies consist of attached
sensors, which lack the robustness of an embedded system.

The DOMMINIO Project[1] proposes a fully integrated Structural Health Monitoring (SHM) strategy for
thermoplastic composite structural components using novel sensors based on carbon nanotube
(CNT) filaments[2]. These filaments, thanks to the piezoelectric behaviour of CNT, enable the
detection of damage effects on the composite. Along with the sensor system composed of these
CNT filaments, the strategy includes a cloud-based digital twin capable of integrating the
information received by the sensors into a system that assesses the remaining structural integrity of
the component.
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Local air quality, Noise, Green Airports

Mr. Hugues FELIX
(European Climate, Infrastructure and Environment Executive Agency - CINEA)

MYTHOS: Medium-Range Hybrid Low-Pollution Flexi-Fuel/Hydrogen Sustainable Engine

Francesca di Mare*, J. Donndorf, F. Lo Presti, D. Quagliarella, R. Donelli, G. Saccone, G. Andreutti,
A.D. French, M. Minervino, S. Russo, N. Natale, B. Mele, U. Merola, N. Viola, D. Ferretto, R. Fusaro, O.
Gori, S. Graziani, G. Piccirillo, C. Fureby, X. Bai, M. Richter,P.

* Dream Innovation Sr, Italy

MYTHOS answers HORIZON-CL5-2022-D5-01-12 Call (i.e. Towards a silent and ultra-low local air
pollution aircrafts) and proposes to develop a demonstrated innovative and disruptive design
methodology for future short/medium range civil engines capable of using a wide range of liquid
and gaseous fuels including SAFs thus aiming at fulfilling the objective of decarbonize civil aviation
as foreseen by the ACARE SRIA Goals by 2050. To achieve these ambitious goals, the MYTHOS
consorfium develops and adopts a multidisciplinary multi-fidelity modelling approach for the
characterization of the relevant engine components deploying the full power of the method of
machine learning. The lafter will lead through hidden-physics discovery to advance data-driven
reduced models which will be embedded in a holistic tool for the prediction of the environmental
footprint of the civil aviation of all speeds. The methodological concept of the MYTHOS project
consists of six main steps. The first step (Step 1) is to define a redlistic reference framework in terms of
working condifions and design points in which the flexible-fuel engine fechnology based on bio-fuel
and hydrogen have to work. Step 2 requires the definition of a model hierarchy for the engine critical
components. In this phase, parficular attention must be paid to the search for a good balance
between the accuracy of the models and the computational effort required to ensure that both the
constructive and structural aspects and the estimate of the polluting levels of the multi-fuel engine
guarantee both acceptable computational costs and well-defined margins of uncertainty. In Step 3
the experimental validation of the of multi-fidelity simulations using SAF and H2 will take place. The
new validated foolchain will reoptimize some selected points exiracted from the Pareto front. The
experimental campaign is also preparatory to Step 4, dedicated to using advanced machine
learning and data mining tfechniques to build a data fusion process aimed at optimizing the critical
parameters of the new models that characterize the forecast quality in the regimes of interest. Step
5 focuses on constructing advanced ROMs for the engine components and verifying these ROMs
against both high-fidelity numerical and experimental results obtained in Step2 and Step 3. Finally,
Step 6 encompasses the infegration of engine components ROMs in a holistic framework that allows
the performance assessment and feasibility analysis of flexifuel solutions for aeronautical propulsion.

STARGATE: MONITORING AND MODELLING OF ULTRAFINE PARTICLES AT BRUSSELS
AIRPORT: UPDATE FROM THE STARGATE PROJECT

Stijn Vranckx®, Jan Peters, Gert Geentjens
* VITO, Belgium

Ultrafine particles (UFPs) are the finest category of particles in ambient air, and a constituent of the
particulate matter (PM). The concentration of UFP at and near airports has already been studied at
a number of airports worldwide, and particle numbers close to airports are significantly higher than
locations distant or upwind from airports and could affect the local air quality. There are currently no
limit values for ambient UFP levels, but recommendations are being made to extent the UFP
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monitoring actions, especially at locations where concentrations are expected to be high, by WHO
and the European Commission.

In the Stargate project, the intfroduction of an innovative monitoring and modelling system for UFP is
implemented at Brussels Airport. Experience and lessons-learned are shared with Stargate fellow
airports and other dissemination events such as this workshop.

A UFP monitoring system composed as a network of fixed and continuously operated UFP
measurement instruments was installed at dedicated sites for two months. These sites are situated in
the local municipality near the airport, between 500 m and 1500 m from the end of the main
departing runway. Complementary to the stationary monitoring at fixed sites, short temporary
campaigns (hours) with portable instruments have been conducted at dedicated sites and with
mobile monitoring.

Average UFP-concentrations range between 17 000 and 35 000 pt/cm?® in the local municipality,
depending on the site. Averages are in the range of UFP-concentrations measured at fraffic locations
in urban environments, but peak concentrations can be much higher near the airport. There is a
clear gradient in function of distance. The UFP concentrations show high temporal dynamics. Large
day-by-day differences in UFP concentrations occur. Typically, the UFP concentrations show three
periods of increased concentrations over the day, during the morning, around noon and in the
evening. UFP concentrations are much lower during the night (i.e. between 1 and 6 am).

A clear relationship was observed between UFP concenfrations and UFP size. Increased UFP
concentrations are attributed to small sized UFP (<20 nm).

Wind direction is the most important meteorological variable influencing the UFP concentrations, by
its influence on airport operations and the down or upwind situation of the community, relafive to
the airport.

A bottom-up modelling system composed of an emission and a dispersion module has been
developed. Starting from flight data and the EMEP emissions database, the emission module
estimates hourly UFP emissions for the LTO-cycle. These emissions are thereafter used as input for a
Gaussian dispersion model (IFDM), to model hourly and annual mean UFP concentrations in the
vicinity of Brussels Airport. The resulting UFP concentrations maps are validated using the UFP
measurements of the monitoring system.

The model chain has been applied both for a recent representative year (2019) and for a future year
(2030), and additionally, the modelling system has been applied for other pollutants of concern (e.qg.
NO2, particulate matter),. Finally, a nitrogen deposition module has been added as well.

Acknowledgements

Stargate has received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement GA101037053.

Project session: GENESIS

Prof. Falbrizio Nicolosi (University of Naples "Federico II') &
Ms. Sonell Shroff (Clean Aviation JU)
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Advancements in Battery and Fuel Cell Technologies and design of future energy storage
system for Hybrid-Electric Aircrafts

Bruno Lemoine* Dr. Priscilla Caliandro, Dr. Andrea Vezzini, Dr. Nils Baumann, Thomas Wannemacher,
Benjamin Sala and Zhangqi Wang

* Berner Fachhochschule, Switzerland

With 2% of the world's total carbon emissions, the aviation industry is a significant emitter, but
predictions show that its effect could increase two-fold by 2050, amplifying ifs role in the current
climate crisis [1]. Hybrid and "all-electric aircraft" are considered the most promising solutions to
achieve more environmentally friendly air fravels. However, shiffing the mobility paradigm from fossil
fuel to electric propulsion system poses several challenges to a large extent aftributed to the low
energy density of storage systems. Therefore, their developments depend significantly on new and
disruptive technologies, which requires identifying and overcoming existing gaps in research [2].

Battery and fuel cell-based hybrid systems offer meaningful potential for environmentally sustainable
aircraft energy. However, research is still in its infancy, and implementation in actual aircraft,
especially for regional class aircraft, is minimal.

This study presents a conceptual design of a hybrid electric regional aircraft that meets TLAR (Target
Level Aircraft Requirements) over different time frames (2030, 2040, and 2050+). A technological
forecast is performed to estimate the expected performances regarding weight, volume, stored
energy, and power density based on past experiences and current development trends.
Subsequently, a bottom-up technology analysis defined the characteristics of the hybrid system
during various flight phases. The study results highlight the required level of hybridization in the energy
system and the limitations that need to be overcome to enable electric airplanes to take off.

[11  ‘"International  Aviation,” Climate action Tracker, 09 2022. [Online]. Available:
https://climateactiontracker.org/sectors/aviation/. [Accessed 08 05 2023].

[2] D. S. Sumsurooah, "COP2é6: innovating electric aircraft for greener global transport,” [Online].
Available: https://www.nottfingham.ac.uk/vision/cop2é-innovating-electric-aircraft-for-greener-
global-tfransport. [Accessed 2022].

Electric power, propulsion and supply strategy of hybrid-electric regional aircraft systems

Markus Meindl*, Christian Bentheimer, Martin Maerz
* Friedrich-Alexander-Universitédt Elangen-NUmberg (FAU), Germany

Sustainability, particularly the reduction of emissions, are significant challenges for aviation that are
currently being addressed. The Clean Sky 2 project GENESIS addresses the environmental
sustainability of hybrid-electric 50-passenger aircraft systems (PAX) from a life cycle perspective to
support the development of a technology roadmap for the transition to sustainable and competitive
electric aircraft systems [1].

This paper has emerged from the GENESIS research and describes different options for power
electronics, electric motors and an airport power supply to operate a hybrid electric aircraft. Possible
solutions and estimates for 2030, 2040 and 2050 are proposed. This paper presents the required
components of power electronics, electric motors and ground power supply technology for the
operation of a regional hybrid-electric aircraft.

The electrical power distribution system of the whole aircraft, the HV DC voltage and the power
electronic converters have been analysed. These converters are presented, calculated, designed
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and specified. Special attention is paid to the power density and efficiency of the converters. The
comprehensive band gap materials, silicon carbide (SiC) and gallium nitride (GaN), are discussed
for the design of the converters [2, 3].

Electric propulsion systems are considered another way to achieve the ambitious greenhouse gas
emissions and noise targets of the European Union's Flightpath 2050. Therefore, a design for the
technical architecture of an electric motor for a propulsion system in this hybrid-electric regional
aircraft is proposed. The project partners have defined the performance requirements for the thrust
of the propulsion system. The electric drive motor for the propellers was calculated and simulated.
The engine is specified in this paper, together with the possible construction materials [4, 5].

Finally, this GENESIS research paper explains different ground power supply options at a regional
airport. Possible solutions for airport infrastructure in 2030, 2040 and 2050 are proposed. This analysis
includes an estimate of the future energy demand per day, month and year. It gives an overview of
the energy demand of a regional airport divided into individual time horizons [6-8].

Design of Sustainable and Innovative Regional Aircraft for Three Time Horizons

F. Nicolosi* V. Marciello, M. Di Stasio, M. Ruocco
* University of Naples Federico I, Italy

Nowadays, although aviation is responsible for only 12% of transport-related CO2 emissions, research
cannot hesitate to address the unique fechnological challenges of the sector. In this sense, it is of
fundamental importance to evaluate the feasibility of promising hybrid-electric concepfts, without
neglecting their compliance with market needs. This is one of the main objectives of the EU-funded
GENESIS Project (European Union topic JTI-CS2-2020-CFP11-THT-13, Sustainability of Hybrid-Electric
Aircraft System Architectures). The project explores a wide range of propulsion solutions that aim for
the complete decarbonization of aviation by 2050. Several innovative configurations have been
designed with respect to three different time horizons (short-term, 2025-2035, medium-term, 2035-
2045, and long-term, 2045-2050+), focusing on a 50-seafts regional turboprop aircraft. The outcomes
relating to all time horizons will be presented, as the result of the integration of industrial experience
within a complete aircraft design chain. The design process has been based on the simulation of the
flight mission and on compliance with the assigned top-level aircraft requirements. A design of
experiment has been performed to identify the best combination of degrees of hybridization and
geometric parameters. Starting from a conventional reference aircraft similar to the ATR42-500,
several hybridization solutions were explored. In the short-term, a serial/parallel partial hybrid
architecture has been considered, coupling internal combustion engines (ICEs) with 100% biomass
fuel usage and lithium-ion batteries, leading to a block fuel reduction of up -23.6% for a 200 Nnmi
typical mission with respect to a conventional aircraft with the same entry into service year. For the
medium-term, the same concept has been improved by means of advanced ICEs and lithium-sulfur
batteries, increasing the fuel saving to -45.1%. However, it is in the medium-term that the transition
towards solutions with zero-emissions will take place. This vision is represented by a configuration that
is entirely based on lithium-sulphur batteries, pressurized tanks and PEM fuel cells, with energy savings
up to -60.2%. Finally, in the long term, two different configurations are presented: one with lithium-air
batteries, cryogenic hydrogen tanks and improved PEM fuel cells, with slightly higher energy savings
and improved performance, the other one based on lithium-air batteries, cryogenic hydrogen tanks
and SOFC, with energy savings up to -69.6%. All the configurations analyzed feature distributed
electric propulsion.
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Technology Roadmap for a Transition to Sustainable and Competitive Electric Aircraft
Systems

Valerio Marciello*, Manuela Ruocco, Vincenzo Cusati, Mario Di Stasio, Fabrizio Nicolosi
* University of Naples Federico I, Italy

Nowadays, the growing demand for air fransport and the increasing sensitivity to environmental
issues creates the need to prompftly implement a revolution in foday's aviation paradigm. For this
reason, researchers need to evaluate the feasibility of promising hybrid-electric concepts, without
neglecting their compliance with market needs. One of the main objectives of the EU-funded
GENESIS Project (European Union topic JTI-CS2-2020-CFP11-THT-13, Sustainability of Hybrid-Electric
Aircraft System Architectures) is to explore a wide range of propulsion solutions that chart a roadmap
towards the complete decarbonization of aviation by 2050. Three different time horizons are
investigated within the project (short-term, 2025-2035, medium-term, 2035-2045, and long-term, 2045-
2050+), focusing on a 50-seats regional turboprop aircraft.

All aircraft concepts designed within the project, each implementing innovative technology
solutions, have been further analyzed from a life-cycle perspective. Several possible scenarios have
been considered, to evaluate the expected effects in terms of environmental impact and costs. In
this way, the estimated advantage resulting from the analysis of direct polluting emissions has been
re-evaluated, by also including the effect of the production and disposal phases, as well as the need
for new infrastructures and safety standards. In order to recombine all these aspects, detailed
comparatfive analyses have been carried out, involving both hybrid-electric and conventional
aircraft, and including several aspects such as flight performance, fuel emissions, costs,
maintenance, operatfional capabilities and constraints, and life cycle environmental impact of the
technologies considered. A critical eye has been kept, considering the risk that the project vision will
not materialize if the technologies fail to reach the level of maturity required for application in the
aeronautical field. In this sense, the main technical and socio-economic challenges have been
examined, identifying potential show-stoppers.

The result of this analysis has supported the development of a technology roadmap for a transition
fo sustainable and competitive electric aircraft systems, identifying environmental hotspots to
integrate in future eco-design strategies, and gathering recommendations to different stakeholders
in the aeronautics sector.

Comprehensive Prospective Life Cycle Assessment of Hybrid-Electric Aircraft Systems:
Scenarios, Impacts, and Recommendations

Alexis Laurent* Nils Thonemann, Karen Saavedra Rubio, Eleonore Pierrat, Katarzyna Dudka, Julie
Elleby, Anna Lia S. Tromer Dragsdahl

* Technical University of Denmark, Denmark

The results of a full-fledged prospective life cycle assessment (LCA) that encompasses the entire life
cycle of hybrid-electric aircraft systems is the cornerstone of this presentation. It is one of the main
outputs from the Clean Sky 2 project GENESIS, aiming at developing a technology roadmap for a
sustainable transition towards hybrid-electric regional aircraft. The prospective LCA considers
different scenarios based on various powertrain fechnologies (e.g., combining battery and fuel cell
technologies) and evaluates the environmental impacts of these scenarios while accounting for
temporal differentiation and potential upscaling and leamning effects.

The study integrates foreground system processes (i.e., acfivities specific to the aircraft systems) with
consideration of temporal perspectives spanning the periods of 2025-2035 (short-term), 2035-2045
(mid-term), and 2045-2050+ (long-term). Background systems, like energy generation systems, are

Book of Abstracts

Page 91



SEPTE??? 13th EASN International Conference
VBER

2023 on Innovation in Aviation and Space
Salerno, Italy for opening New Horizons

also adapted to the extent possible, including factors such as electricity grid mixes, waste
management, fechnology efficiencies, and environmental regulations. The prospective life cycle
assessment adheres to ISO standards and encompasses a wide range of environmental impacts,
including climate change, toxic impacts on human health and ecosystems from chemical releases,
metal/fossil resource use, water use, and land use.

The results enable comparisons between scenarios and technology alternatives, highlighting
potential environmental burden-shifting. Furthermore, within each scenario, the assessment identifies
environmental hotspots, representing sources of significant environmental impacts in the life cycle of
aircraft systems. These findings lead to recommendations, parficularly in the realm of ecodesign for
future electric aircraft and contribute to the development of a technology roadmap for transition
tfowards environmentally-sustainable hybrid-electric aircraft systems.

Development of Life Cycle Inventory Datasets for Holistic Environmental Impact
Assessment of Hybrid-Electric Regional Aircraft

Katarzyna Dudka* Nils Thonemann, Karen Saavedra Rubio, Eleonore Pierratl, Julie Elleby, Alexis
Laurent

* Technical University of Denmark, Denmark

Life cycle assessments (LCAs) are crucial in evaluating the environmental impacts of products and
systems. Accurate life cycle inventory (LCI) datasets are essential for comprehensive assessments. In
the Clean Sky 2 GENESIS project, investigating technological feasibility and environmental
sustainability of hybrid-electric regional aircraft, LCI datasets were developed for all elements of the
life cycle of the aircraft system. These datasetfs thus encompass the aircraft itself, the on-ground
airport infrastructure, and the fuel supply chain. The study focused on three different time horizons
(short-term, mid-term, and long-term) and prioritized various technologies, including battery
technologies, fuel cells, hydrogen technologies, gas turbines, power electronics, electric drives, and
on-ground infrastructure.

A framework was established for the collection of LCI data and for the building of LCI blocks, which
represent one or more unit processes at an appropriate technological aggregation level, such as
the component level. An LCl data collection template was used to facilitate the procedure and
ensure harmonization and compatibility across the different LCl datasets. Eventually, the LCI datasets
were verified, and the LCI blocks were finalized before their assembly and integration into the LCI
modeling.

The finalized LCI datasets for all time horizons will be showcased in this presentation. These datasets
can serve as valuable resources for conducting comprehensive life cycle assessments of hybrid-
electric regional aircraft systems. The inclusion of multiple technologies and the integration of the
entire life cycle, including on-ground airport infrastructure and fuels, ensures a holistic evaluation of
the system's environmental impacts. These findings contribute to developing sustainable aviation
solutions and facilitate informed decision-making in the aviation industry.

ecoDESIGN and Engineering for Sustainability

Mr. Rainer Schweppe (Fraunhofer ICT)
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ecoDESIGN in Next Generation Aircraft Fuselage

Marta Solares-Canal*, Laura Costa Lopez, Ralf Herrmann, Carl-Christoph Hohne, Peter Bransch
* Airbus, Spain

Sustainability and competitiveness of next generation large scale aircraft structures will strongly
depend on their environmental footprint along the full life cycle. This particularly includes design,
materials processes and resources, manufacturing and production, lifetime services as well as
recycling and end-of-life for disruptive concepts and innovation.

This presentation provides an overview about the implementation of ecoDESIGN in the Multi
Functional Fuselage Demonstrator as part of the Clean Sky 2 and introduces adapted LCA
methodology and an approach to environmental results. Detailed presentations on contributing
projects will be presented separately as part of the EASN Conference Session on ecoDESIGN and
Sustainable Productivity.

ecoDESIGN in Advance Rear End demonstrator

Marta Solares-Canal, Laura Costa Lopez, Enrique Guinaldo, Carl-Christoph Hohne*, Peter Bransch
* Fraunhofer Institute for Chemical Technology ICT, Germany

Sustainability and competitiveness of next generation large scale aircraft structures will strongly
depend on their environmental footprint along the full life cycle. This particularly includes design,
materials processes and resources, manufacturing and production, lifetime services as well as
recycling and end-of-life for disruptive concepts and innovation.

This presentation provides an overview about the implementation of ecoDESIGN in the Advanced
Rear End Demonstrator as part of the Clean Sky 2 and infroduces adapted references and an
approach to environmental results.

Life Cycle Assessment of Engine Blisk-Manufacturing for dif-ferent Machining Scenarios

Kilian Fricke* Thomas Bergs, Philipp Ganser, Sascha Gierlings
* Fraunhofer Gesellschaft, Germany

The aviation industry has been growing continuously over the past decades. To ensure sustainability
and competitiveness for aviation industry, a full understanding of the environmental impacts is re-
quired, not only during use phase but along the entire life cycle including Materials, Processes and
Resources, Manufacturing and Production, Lifetime Services as well as Reuse, End-of-Life and Re-
cycling. Core engine components, for example integral rotors (Blisks), are comprised of high value
metallic alloys that require complex and resource consuming manufacturing processes.

The presentation deals with the methodology and approach for a full size Blisk Life-Cycle-Assessment
based on ISO 14040/44. While previously published EASN-papers focused on the “Goal & Scope
Definition”, the “Life-Cycle-Inventory”, as well as preliminary LCIA results for a Blisk-manufacturing
process chain. This presentation includes a more detailed analysis of process varia-tions and
compares alternate scenarios of machining operations from an ecological perspective.

The work is part of the Clean Sky 2 ecoDESIGN Transversal activity and Engines ITD.
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How to approach a Life Cycle Assessment of aircraft engines and engine sub-systems? A
methodologic proposition based on “notional engine” model

Kilian Fricke* Maud Lemagnen, Philipp Ganser, Thomas Bergs
* Fraunhofer Gesellschaft, Germany

Life Cycle Assessment (LCA), based on ISO 14040/44, actually stands as the reference methodology
fo assess systems' environmental impact along their lifecycle. Result’s analysis notably may lead to
the system ecodesign improvement. Nevertheless, LCA requires a huge amount of data input to
supply relevant results and the exercise becomes very intfense regarding complex system'’s assess-
ment, such as an aircraft engine.

Literature provides a few Aircraft Engine’s LCA, which perimeter and assumptions have been very
simplified. They lead fo macroscopic results that can be controversial when dealing with ecodesign
application. Engines ITD, within Clean Sky 2, provides different engine’s parts LCA. Regarding Engine
LCA state of the art, a question is raised about the opportunity of using such studies: how can results
from specific part could be used and extrapolated to a larger scale component?

Our study proposes to set up a methodology to use Part LCA in order to achieve a notional Engine
LCA. The study step will notably address the following key elements:

- How do we link part LCA functional unit to Engine Functional unit, in order to ag-gregate resultse

- How do we assess the part’s engine representativity and coverage in order to define a repartition
key from part’'s LCA results to a global engine view?

Our proposal will be illustrated by a case study lying on Blisk LCA results.

[This work is a follow up study on last year's presentation at EASN 2022.]

Critical review of life cycle assessments of aviation systems

Alexis Laurent*, Lea Rupcic, Karen Saavedra-Rubio, Nils Thonemann, Chizoba Oguga, Eleonore
Pierrat
* Technical University of Denmark

In the context of ever-growing air transportation demand, sustainable aviation is an upcoming
research topic. Numerous life cycle assessment (LCA) studies have been published to assess the
potential of specific technologies to tackle aviation climate change impacts. However, a
compilation of the existing literature on multiple environmental impacts passing the aviation sector is
missing. What learnings can be derived from this pool of LCA knowledge and what
recommendations can be drawn for further LCA practice in aviation sectore We address these
questions in our presentatfion to line up a guidance for aviation stakeholders in their assessment of
environmental sustainability. We reviewed the main findings and LCA practice of 61 peer-reviewed
environmental studies and life cycle assessments (LCA) applied to aviation.

Taking a sector-wide approach we categorise the different aircraft system life cycle between (i) the
aircraft itself, (i) the airports, and (iii) the fuels, each taken in a life cycle perspective. In past LCA
studies, focus has been on alternative aviation fuels and propulsion systems, with 38% of all reviewed
studies, followed by aircraft (33%), airports (26%), and sector-scale studies (3%). Climate change was
investigated in 85% of all studies, nonetheless, 60% of the studies also included other indicators, such
as human health damage. Moreover, the environmental impacts of some parts of the aviation
systems are understudied, such as the aircraft manufacturing, maintenance, and end-of-life.
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Therefore, further impact reduction could be achieved by investigating resource use (e.g., water,
land, metals), circularity, and toxicity impacts.

Based on the reviewed literature, several methodological improvements could increase the
robustness of LCA applied to aviation. The recommendation to LCA practitioners and industrial
stakeholders include defining clearly the system boundary and the functional unit of the LCA study,
increasing the transparency of the life cycle inventory data, and assessing multiple environmental
impact indicators systematically. Guidance is provided in the presentation in this regard.
Furthermore, research needs are also highlighted, including the need for specific life cycle impact
assessment method development, like the development of altitude-differentiated characterization
factors for non-CO2 emissions (contrails) and characterization factors for noise annoyance.

Enhancing Sustainability in Laser Powder Bed Fusion: Optimization of Process Parameters
for 17-4 PH Steel

Dionysios Markatos* Sandor Endre Kovacs, Tamas Miko, Jédnos Péter Erdélyi, Spiros Pantelakis
* Department of Mechanical Engineering and Aeronautics, University of Patras, Greece

Additive Manufacturing (AM), commonly known as 3D printing, has emerged as a fransformative
technology in the aviation industry, offering new possibilities for design, production, and sustainability
[1]. In this context, Laser Powder Bed Fusion (LPBF) is a key additive manufacturing technique known
for its ability to produce intricate geometries with high precision. However, in order to establish a
sustainable process, it is crucial to minimize the environmental impact and manufacturing costs
associated with the manufacturing process, while also ensuring the quality of the printed parts [2].

This study utilizes genetic algorithms and suitable regression models to optimize the LPBF process
parameters for 17-4 PH steel, considering sustainability criteria. To enhance circularity in the printed
parts and promote sustainable practices, the prinfing process utilizes recycled powders. The
proposed approach entails conducting real experiments fo gather data on key process variables,
including laser power, scan speed and layer thickness, o examine their impact on the mechanical
performance of the printed parts. A combined approach of genetic algorithms and appropriate
regression models is employed to refine the process parameters, taking info account sustainability
criteria encompassing technological, ecological, and economic metrics. Sustainability is expressed
through a Sustainability Index derived from a Multi-Criteria Decision Making (MCDM) method
combining the Analytic Hierarchy Process (AHP) and a Weighted Sum model [3]. The optimized
process parameters are validated through addifional experiments, ensuring sustainability is
maximized while maintaining acceptable levels of part quality, environmental impact, and costs.

This research provides valuable insights into the tfrade-offs between the different aspects of a
sustainable process, helping identify optimal process parameters for achieving a sustainable LPBF.
The findings contribute to the advancement of sustainable additive manufacturing practices and
the fransition to an environmentally conscious manufacturing industry. Furthermore, the work
discusses the potential for the reuse of recycled powders in the LPBF process.

References
[1] Gisario, A, Kazarian, M, Martina, F, Mehrpouya, M. Metal additive manufacturing in the
commercial aviation industry: A review. Journal of Manufacturing Systems 2019, 53, 124-149

[2] Katsiropoulos, C.V., Pantelakis, S.G. A Novel Holistic Index for the Optimization of Composite
Components and Manufacturing Processes with Regard to Quality, Life Cycle Costs and
Environmental Performance. Aerospace 2020, 7, 157

[3] Markatos, D.N., Pantelakis, S.G. Assessment of the Impact of Material Selection on Aviation
Sustainability, from a Circular Economy Perspective. Aerospace 2022, 9, 52
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ecoDESIGN for Airframes

Thomas Reichert*, Lorane Jammaron
* Fraunhofer ICT, Germany

Clean Sky 2 Airframe ITD ecoDESIGN Demonstrators include novel composite, novel metallic as well
as hybrid materials and structures across a variety of different airfframe types and sizes —for wings,
fuselage, and control surfaces.

For this demonstrators Eco-Design in the Airframe ITD is developing environmentally sound
technologies and associated Life Cycle Inventory (LCI) data to perform Life Cycle Analysis (LCA)
within the fransversal CS2 activity ecoDESIGN (ECO TA) to quantify the benefit brought by the newly
developed technologies.

Eco-Designin AIR ITD is focusing on lower environmental impacts during the production of A/C parts,
the maintenance phase and end-of-life of the a/c.

In the presentation several test cases were infroduced and the overall status of the improvements is
summarized.

Design, Manufacturing, and Testing of a Metallic Fuselage Panel Incorporating New Alloys
and Environmentally Friendly Technologies

Alexandra Karanika* Alexandra Karanika, Evangelos Carelas, Egoitz Aldanondo, Alexander
Abramoivich, Marc Van Der Geest, Peter Visser

* Hellenic Aerospace Industry, Greece

Within the ecoTECH project, a new fuselage section was designed based on an existing business jet
panel, aiming to incorporate innovative technologies and environmentally friendly approaches. The
Metallic Fuselage Panel Demonstrator developed in this project integrates the most promising
technologies previously developed in the areas of manufacturing methods, including mechanical
milling and friction stir welding, as well as surface treatments such as sol-gel and Thin film sulphuric
acid anodizing, along with a Chrome-free primer applied on a new Al-Li alloy structure.

Two types of full-scale testing were performed to mature the newly developed technologies and
assess the performance of the demonstrator. The first was a Static Full-Scale Test Demonstrator,
designed and manufactured to undergo static full-scale testing. This testing evaluated the structural
integrity and performance of the panel under various load condifions, including compression, shear,
pressure, tension, and combinations of these forces.

The second type of testing conducted was the Endurance. Similar to the static test demonstrator, this
demonstrator was subjected to fatigue to assess its durability and long-term performance by
simulating representative flight loading spectrum of a business jet aircraft and providing valuable
insights intfo the panel's ability to withstand prolonged operational condifions.

The successful completion of these phases in the ecoTECH project represents a significant milestone,
demonstrating the effective integration of innovative manufacturing methods and environmentally
friendly surface treatments for new aluminum alloys in the development of innovative
environmentally friendly technologies. The project's outcomes conftribute to the advancement of
sustainable and efficient fechnologies in the aerospace industry, providing a foundation for the
future development of aircraft structures with improved performance, durability, and reduced
environmental impact.
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The work performed within the frame of the European Research Projects of Clean Sky 2 ecoTECH
(GAM agreement number 945521) and the CfP DEMONSTRATE

The recycling of different carbon fibre grades from aeronautic composite waste

Alexandre FAURE* Olivier MANTAUX, Arnaud GILLET, Constance AMARE
* Université de Bordeaux, France

While the use of composite materials is increasing in the aeronautic industry, the composite waste
quantity generated is following the same trend. It is therefore essential to recycle carbon fibre (rCF)
composites from different deposits. These deposits include diverse carbon fibre grades in various
shapes: ) Composite offcuts ll) End of life composites lll) Carbon fibre fabric offcuts IV) Carbon fibre
tow ends.

In the vision held by Manifica, fo manufacture high performance rCF composites, a substantial
question is raised in this document, is the blend of these different grades of carbon fibre possible? In
other words, is the sorting of this waste required to manufacture high mechanical performance rCF
composites.

To understand the influence of the carbon fibre grades, different type of carbon fibres commonly
used in the aeronautic industry are either blended or sorted. Composites are manufactured using
these batch and mechanically tested to be compared.

According to the results obtained, a suitable sorting strategy will be adopted to manufacture
composites made of recycled carbon fibre collected from distinct deposits.

Systems / Prognostics / Safety
Prof. Matteo Dalla Vedova (Politecnico di Torino)

Automated generation of aircraft on-board system architectures and filtering through
certification specification requirements

Carlos Cabaleiro*, Marco Fioriti, Luca Boggero
* German Aerospace Center (DLR) & Politecnico di Torino, Germany

The aviation industry is developing new aircraft concepts in order to face the challenge of becoming
more environmentally friendly in the near future. These new aircraft concepfts (e.g., hybrid-electric
propulsion or hydrogen propulsion) are leveraging new technologies that lead fo innovative on-
board system architectures (e.g., more-electric or all-electric [1]). On-board systems represent an
important part of an aircraft having a noticeable impact on mass and fuel consumption, among
others. New innovative systems might increase the performance of the new generation of aircraft.
Aircraft on-board system architectures are defined by the different subsystems, components and
connections among them, as well as their respective redundancies. Differences in performance
among architectures are typically assessed during preliminary design of on-board systems. This allows
to have a first insight to decide whether the new architectures are promising or not. However, other
domains such as certification and safety analysis should also be considered in order to verify if the
architectures are actually viable or not [2]. The big amount of possible combinations usually creates
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a vast number of design variables. This creates a huge architectural design space that requires
automation in order to be properly explored. Automation applies to all the tools and connections
among them. Including certification aspects in early design stages of on-board systems serves for
two main purposes. The first one is that certification can be used as a filter. This allows to discard some
architectures right after they are generated if they are not compliant with the certification
specifications. These discarded architectures do not need to be sized and calculated, saving
computational time. The second purpose is that cerfification now drives the design and this can
potentially lead fo new optimal solutions. The proposed methodology will show the link between on-
board system architectures generation and certification rules. It is represented in figure 1. A huge
number of architectures will be automatically generated [3] and then filtered following a set of rules
extracted from the certification specifications.

CS25 [4] will be used for the application cases but other certification specifications could be used
following the same methodology. As an example, some of these rules are qualitative and others
quantitative. One quantitative rule states that the safety of a system must be assessed and provides
a minimum value of reliability that must be ensured. In order to estimate this, the reliability block
diagram technique is used [5] and automated [6]. Examples of qualitative rules are those compelling
the existence of back-up systems for the power generation or those restricting single component
failure leading to a whole system failure.

Results will show an application case regarding the modelling of one or more aircraft on-board
systems. However, the methodology can also be expanded to space systems or other fields. Several
architectures (i.e., millions) will be automatically generated and then automatically filtered by the
certification specification rules. The remaining architectures are preliminary certified and can later
be assessed in terms of performance, maintenance, manufacturing, or other domains. The
advantages of this study are mainly the capability fo assess multiple on-board system architectures
automatically and to verify cerfification requirements during early design stages. This achieves a
preliminary certification of innovative on-board system architectures and allows certification aspects
fo also drive the design process.
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Figure 1: Methodology schema for architectures filtering through C525 requirements
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Experimental investigation of the high-temperature loop heat pipe performances in harsh
environmental conditions

Pavlo Gakal, Igor Rybalchenko*, Oleksii Tretiak, Viacheslav Nazarenko, Donatas Mishkinis, Igors
Usakovs

* National Aerospace University "KhAI", Ukraine

A new generation of turbojet engines with ultra-high bypass ratio (UHBR) will surpass existing engines
in fechnical, operational and environmental performances. At the same fime, the UHBR engine
components and systems will operate in a harsher environment due to the increased compression
ratio and gas temperature in front of the turbine. For example, an air bleed system will require a
separate thermal management system to remove the heat from the sensitive elements of the valves
and ensure their long-term operability and reliability.

Nowadays, the best candidate for thermal management of valves is loop heat pipe (LHP), a passive
two-phase heat transfer system in which the working fluid movement happens due to the effect of
capillary forces. However, an operating range of the state-of-the-art LHPs based on water, ammonia,
ethanol, pentane, and other traditional working fluids is limited. The maximum surrounding
temperature does not exceed 100°C, while the heat sink temperature is usually below 50°C. Also, for
normal operation of LHP, it is necessary to minimize the extra heat inflow from environment to the
LHP's evaporator and to the liquid line.

Thus, the aim of the research is fo experimentally prove the LHPs performances and to investigate
the influence of the thermal insulafion of LHP parts on LHP performances at high environmental
temperatures (surrounding femperature is up to 300°C, heat sink femperature is up to 1200C).

The LHP with toluene as a working fluid is used. The vacuum thermal insulation was proposed for the
minimization of the extra heat inflow to the evaporator and liquid line. An experimental setup
consisting of a box containing the LHP, a heat supply system, a heat dissipation system, a
measurement and control systems. The temperature in the box was maintained in the range of
20...300°C. The maximal heat load was about 130 W. The heat dissipation system simulated the
conditions of heat transfer at the heat sink level. Temperature sensors (thermocouples) were placed
on the LHP and their readings were recorded by the measurement system. The thermal power
supplied to the LHP's evaporator was also measured. The temperature measurement error was
10.50C, and the thermal power measurement error was 1.2% of the heat load level.

Experiments were conducted in the following sequence: the temperatures in the box and at the heat
sink locatfion also as the heat load were set. After reaching a steady-state, the temperature
distribution at various points in the LHP was recorded. Using this data, the performances of LHP with
and without thermal insulation were elaborated.

Research was made in the frame of Clean Sky 2 project EVAL, Grant Agreement #886615
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Aero Engine Derate: A Fleet Comparative Study for Improved Flight and Maintenance
Operations

Asteris Apostolidis* F. Franken, D. van den Herik, K. P. Stamoulis, A. Apostolidis
* KLM Royal Dutch Airlines, Netherlands

Commercial aircraft do not take-off and climb at their full thrust capacity when it is not necessary.
This process is known as derate. Derate is applied in all situations where an aircraft can take off safely
with a lower amount of thrust, given the existence of favourable ambient conditions. This practice
preserves the engine from higher thermal and mechanical loads, eventually expanding the
remaining useful life of various parts. Moreover, lower take-off thrust means lower fuel consumption
and fewer gaseous emissions such as CO2, as well as other pollutants associated with high
combustion temperatures (e.g., NOx).

The estimation of the level of engine derate that has been applied fleet-wide over a period of tfime
is a topic of significant importance for numerous reasons. For most engine types, derate values are
recorded once per flight phase by the on-board data management system developed by the
Original Equipment Manufacturer (OEM). However, these measurements can deviate from the
actual mean value of derate, as derate is applied continuously during take-off and climb. This paper
suggest a data-driven method for the determination of the actual value of derate in engine and
also provides results with the use of actual on-wing data coming from a major aircraft operator. The
aircraft type considered is analysed for take-off condifions and is equipped with a two-spool engine.
Data extracted by the Quick Access Recorder (QAR) were used and compared with the
aforementioned snapshot data. As the parameters recorded by the QAR are limited, the rotational
speed of the low pressure spool (N1) is used as a thrust indicator, corrected for the effects of ambient
temperature.

Results show that the analysis of the confinuous data can differ from the nominal value of the
snapshot ones, with a maximum deviation of 0.2%. This amount might seem negligible, but the non-
linear nature of thermal deterioration (e.g., creep) in parts such as the turbine blades means that
equipment might be maintained either earlier or later than the optimal point in fime, resulting in
addifional costs. Moreover, seasonality patftens in derate have been identified, correlating the
operational and weather characteristics.
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Cardiodynamic adjustments in skilled civil aircraft pilots while unexpected emergency
conditions appeared during a simulated flight within a homemade Airbus A300 cockpit

Albeto Concu* Salvatore Melis, Riccardo Marcello, Antonio Héctor Dell’Osa, Andrea Fois, Anfonio
De Pau, Filippo Tocco, Damiano Mattana, Paolo Usai, Carmen Serra and Andrea Manuello Bertetto

* Laboratorio de Electronica Aplicada y Biomedicina - Universidad Nacional de Tierra del Fuego,
Argentina

To highlight which cardiodynamic adjustments take place in civil aircraft pilots when unexpected
mechanical accidents occur while they are in flight, in 8 skilled pilots we detected the mean blood
arterial pressure (MAP) and heart rate (HR) while a unexpected failing of one engine occurred when
they were engaged in a simulated flight with a homemade Airbus A300 cockpit. Comparing these
two cardiovascular variables in a simulated flight test, just as when the accident happened, together
with the values assessed in a simulated control flight without accidents, by the non parametric
Wilcoxon test for paired data it has been found a significant increase of MAP's median (+ 20.3%, P =
0.008) without significant increase in HR one. However, in several tested pilots this sudden MAP
increase tended to progressively recover baseline values while simulating the flight despite the event
triggering this functional response was still present.

We concluded that the cardiovascular apparatus of skilled aircraft civil pilots adapts in such a way
of sudden respond to unexpected emergency conditions by adjusting mean arterial blood pressure
for adequate blood flow to limb muscles, and this happens without a concomitant tachycardia
response in order to maintain an opfimal mechanical/metabolic efficiency of the heart.

Simulation of an Aerospace Electrohydraulic Servomechanism, with different Coulomb
Friction models

Parid Alimhillaj*, Luis Lamani, Matteo D.L. DALLA VEDOVA
* Polytechnic University of Tirana, Albania

Modermn flight control system design necessitates using highly detailed models to analyze individual
components or subsystems, on the other hand, more fundamental and synthetic models with
adequate accuracy are required for preliminary design, monitoring or diagnostic issues.

In this paper we will be focusing in, electro-hydraulic servomechanisms for aeronautical use, given
the importance that these systems have nowadays especially for primary flight commands which
are depicted as position servo command with high degree of accuracy.

The great variety of configurations and applications, their complexity and the criticality that
characterizes this servomechanisms, deemed appropriate to devote particular attention to their
modeling and the development of numerical simulation systems models that are versatile and
reliable (flexible and easily applicable to different real systems but capable of providing realistic
simulations). In particular, in this work are presented two innovative Coulomb friction models which
are applied through MATLAB/Simulink block diagram structure to the model of the electrohydraulic
servomechanism. The two friction models are foreseen to overcome the problematic of standard
models for the friction, giving more realistic results, increasing the accuracy of the simulations.

Numerical simulation of servovalves for electrohydraulic systems: a novel simplified fluid
dynamic model sensitive to hydraulic capacity

Matteo Dalla-Vedova*, Parid Alimhillaj
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* DIMEAS - Politecnico di Torino, Italy

Modermn flight control system design necessitates using highly detailed models to analyse individual
components or subsystems, on the other hand, more fundamental and synthetic models with
adequate accuracy are required for preliminary design, monitoring, diagnostics, or prognostic issues.
As regards this second category of models, in literature are available several simplified numerical
solutions able to simulate, with different levels of accuracy and details, the fluid dynamic behaviours
of a given valve geometry. Typically, the aforementioned simplified models calculate the differential
pressure regulated by the valve as a function of its spool opening and the flow rate disposed of by
the valve itself. In some specific applications (e.g. asymmetric hydraulic jacks, regenerative
actuators, or fransmissions where the effect of fluid compressibility is not negligible), models with
differential pressure output are inadequate. In these cases, new simplified fluid dynamic models must
be used to calculate the flow rate delivered by the valve as a function of the spool displacement
and the differential pressure. Thus, this paper proposes a new synthetic fluid-dynamic valve model
(i.,e. a lumped parameters model with a semi-empirical formulation) accounting for the effects of
spool position, hydraulic capacity, variable supply pressure and leakage between the output ports
that connect the valve to the motor element. The advantages and disadvantages of the suggested
model are evaluated, by comparison with other simplified numerical algorithms available in the
literature, analysing the corresponding fluid-dynamic characteristics and comparing the dynamic
behaviours of numerical models simulating a typical flight control servomechanism. Furthermore, it is
validated with a high-fidelity digital twin that replicates valve behaviour while accounting for spool
shape, hydraulic capacity, fluid characteristics, and local internal fluid-dynamics (laminar or
turbulent regime, cavitation, etc.).

Preliminary Analysis and Optimization via CFD of a Liquid Hydrogen Pressure Regulating
Piston Valve

Arash Safaei*, Matteo D.L. Dalla Vedova, Paolo Maggiore
* DIMEAS - Politecnico di Torino, Italy

Due to their high reliability and precision, piston valves are frequently used for pressure regulating
applications. Particularly in the aerospace industry, where cryogenic fluids such as liquid hydrogen
are frequently used, the design and operation of piston valves become crucial.

The current state of advancement of this fechnology in the cryogenic field is sfill in its early stages,
owing to the difficulties in designing such complex systems in harsh environments. This justifies the
need for further in-depth studies and analysis using CFDs tools and predictive models.

In order to ensure an opfimal and efficient use of a piston pressure regulating valve in cryogenic
environment, it is necessary to understand the strengths and limitations of this fechnology in an
extfreme thermal and mechanical condition.

The presented work concentrates therefore on a preliminary analysis and optimization of a piston
valve operating in liquid hydrogen flow field, for pressure regulating applications. Particular focus will
be dedicated to the overall dynamics of the main body of the piston, in terms of robustness and
controllability of the desired response of the system. The dynamics of the piston within an extremely
low-viscous flow, as well as the thermodynamic and fluid dynamic aspects of the valve system, will
be discussed.

Simulations of the flow field will be performed through CFD tool, crossing the results with the dynamics
of the simulated system response through and implemented Simulink model. The obtained results will
be then critically analyzed in order to suggest possible optimization of the valve in the locations
where the system is most affected from a thermal and mechanical standpoint.
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Preliminary definition of a PHM scheme for electro-mechanical brakes of short-range
aircraft

Andrea De Martin*, Riccardo Achille, Massimo Sorli
* Politecnico di Torino, Italy

The evolution towards "more electric” aircraft has seen a decisive push in the last decade, due to
the growing environmental concerns and the development of new market segments (Urban Air
Mobility). Such push interested both the propulsion components and the aircraft systems, with the
latter seeing a progressive frend in replacing the fraditional solutions based on hydraulic power with
electrical or electro-mechanical devices. Although more attention is usually devised towards the
flight control actuation, an interesting and fast-developing application field for electro-mechanical
systems is that of the aeronautical brakes. Electro-mechanical brakes, or E-Brakes hereby onwards,
would present several advantages over their hydraulic counterparts, mainly related fo the
avoidance of leakage issues and the simplification of the system architecture. Moreover, although it
is expected a weight increase of the brake, the elimination of the hydraulic lanes would still come
with an overall weight reduction. The more difficult heat dissipation, associated with the thermall
issues that usually constitute one of the most significant sizing constraints for electro-mechanical
actuators, limits so far their application (or proposal of application) to light-weight vehicles. Within
this context, the development of PHM solutions would align with the need for an on-line monitoring
of a relatively unproven component, in addition to the usual advantages associated with the
application of prognostic techniques to aeronautical equipment (lower risk of unanticipated failures,
reduced downtimes, improved fleet management and so forth). This paper deals with the preliminary
stages of the development of such PHM system for an E-Brake to be employed on a future executive
class aircraft, where the brake is actuated through four electro-mechanical actuators. The paper will
open with the infroduction to the case study under analysis and provide an in-depth description of
the simulafion model employed fo investigate the E-Brake behaviour under different operating
conditions. The high-fidelity model of the E-Brake and of its interactions with the aircraft, its wheels
and the runway is then presented in detail and used to perform several simulations of landing cycles
considering realistic operafional scenarios where both the environmental conditions (runway
conditions, external temperature) and aircraft parameters (mass at landing, tires type and inflation
pressure) are varied according fo probability distributions obtained from operative data. Simulation
results are then used to foster a preliminary feature selection process, where physics-based indexes
are compared and evaluated. Simulated degradation histories are then used to test the application
of data-driven fault detection algorithm and the possible application of particle-filtering routines for
prognosis.

Passive Pressure Reducer (PPR) through Multiple Annular Chambers for Aerospace and
Aeronautical Systems

Arash Safaei*, Matteo D.L. Dalla Vedova, Paolo Maggiore
* DIMEAS - Politecnico di Torino, Italy

Both in the aeronautical and aerospace fields, valves and active components along the fuel
distribution system are fundamental. However, most of these components are very complex,
expensive, and subject to failure. Redundancy in aerospace and aviation systems leads to a more
reliable and robust design, but at the same allows potential optimization and implementation of
dedicated components that can lighten and simplify the whole distribution fuel system, still
guaranteeing the required performance. Furthermore, due to the importance of fluid properties
within the distribution line, the technology employed shall be reliable and efficient, even in harsh
environments. For this reason, the infroduction of a passive component capable of reducing
significantly the pressure of the working fluid has been studied. The Passive Pressure Reducer (PPR)
analyzed in this work does not require power, movable parts, springs, or other typical components
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installed inside the valves currently used in aerospace and aeronautical systems. Integrating this
component into specific locations within the fuel distribution line makes it possible to mitigate the
action of specific components (valves, pumps, evaporators). In some cases, pressure-reducing
valves can be excluded.

As the fluid flows around and past the multiple annular chambers of the PPR, turbulent eddies will
form. As a result of the inferference of these chambers with the axial fluid flow, the fluid's pressure will
decrease, and energy will be lost. The PPR performance analysis is carried out through CFD
simulations to understand better the pressure drop through each chamber and the global pressure
jump through the component. The shape and size of the annular chambers affect the flow in terms
of pressure and temperature, so it is crucial to design these chambers appropriately to achieve the
desired output.

Reducing Ground Impact Hazards of a Solar UAV Through Modeling and Analysis

Francesco-Antonio D'Amico* Tommaso De Maria, Giovanni Pitarresi, Matteo D. L. Dalla Vedova,
Paolo Maggiore

* Leonardo, Italy

The research described was conducted by a student tfeam dedicated to finding sustainable and
long-endurance systems and outlines an innovative solar panel UAV aircraft solution. Our prototype
demonstrated the feasibility of the concept, while the second aircraft, currently in the design phase,
aims to improve performance further and allow for extended self-powered flight time. The
sustainable approach of our project addresses the growing need fo reduce the environmental
impact of transportation tfechnologies. The main objective of this study is to address the requirements
of the Specific Category - Civil Drones regulation, promulgated by EASA, regarding the risk
associated with the impact of the aircraft on the ground in case of an in-flight failure. To address this
issue, we conducted an in-depth analysis of possible failure scenarios and their consequences on
the safety of the aircraft and people on the ground. Furthermore, the team developed models for
risk assessment to evaluate the risk associated with solar panel UAV operation.

To mitigate the risk of impact, we considered using a parachute, the effectiveness of which was
analyzed using a dynamic model implemented in Simulink. The analysis allowed us to evaluate the
semi-confrolled descent of the aircraft with the parachute attached, providing valuable information
to optimize the safety system further.

In conclusion, our study significantly conftributes to ensuring the safety of our model in flight and on

the ground through ground-impact risk management while promofing the development of
sustainable and innovative solutions in the aviation field.

Space Technologies
Dr. Athanasios Dafnis (RWTH Aachen)

Mixed Reality for Assembly, Integration and Testing in Space Domain

Kaj Helin* Gianluca Casarosa (ESA-ESTEC), Jaakko Karjalainen (VTT), Paul Kiernan (SKYTEK), Timo
Kuula (VTT)

* VTT Technical Research Centre of Finland Ltd, Finland
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This abstract infroduces the Mixed Redlity (MR) system which has been developed for assembly,
integration, testing and verification (AIT/V) in the space domain. It has been developed in two
European Space Agency's (ESA) projects called: (1) “AROGAN - Augmented reality based orbit and
ground applications” and (2) “ViIrWAIT - Virtual Workplace for AIT & PA Training and Operations
Support”. The Microsoft HoloLens 2 mixed reality platform was integrated as novel user interface to
the ESA Mobile Procedure Viewer system called mobiPV. Developed system was tested in two use
cases: 1) MR supported installation of thermocouples on an Heat Plate used as GSE for the Solar wind
Magnetosphere lonosphere Link Explorer — SMILE, and 2) MR supported phase 2 sensor installation on
TEDY (TEst DummyY) for a vibration test campaign on the Hydra facility. The NR system was also
preliminary tested for the configuration of the JUpiter ICy moons Explorer's (Juice) Network Data
Interface Unit (NDIU) in preparation to the Thermal Vacuum test campaign held at ESTEC. The first
evaluations have been performed remotely via online tools due to COVID-19. All the test and reviews
have been performed during 2021 and 2022. The users’ overall reaction fo the system was posifive.
The system usability scale (SUS) scores were quite high in both test phases indicating already
acceptable system usability. All the individual scores from the final user review reached the range of
acceptable usability. It should be noted that the main test users were actual operators performing
their real work task. The results of the study suggest that the developed MR-system has potential to
become a useful tool for AIV/AIT applications. The MR-system can significantly speed up the current
work and provide motivating novel tool for the operators and engineers.
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On the use of cup anemometers as wind speed sensors in stratospheric balloon missions

Daniel Alfonso-Corcuera* Mikel Ogueta-Gutiérrez, Santiago Pindado, David Gonzdlez-Bdrcena,
Angel Luis Porras-Hermoso, Sergio Marin-Coca, Juan Zamorano, Angel Perez

* Instituto Universitario de Microgravedad "Ignacio Da Riva", ETSI Aerondutica y del Espacio,
Universidad Politécnica de Madrid, Spain

Stratospheric balloon missions have emerged as a cost-effective alternative to space missions for
scientific research and technology development. These missions enable the collection of crifical
data from the Earth's upper atmosphere while reducing financial and logistical burdens associated
with fradifional space missions. One key challenge for in these missions is accurately measuring the
relative wind speed in the fropopause and the stratosphere. This paper explores the viability of using
cup anemometers as wind speed sensors in stratospheric balloon missions, offering an easy-to-
calibrate, low-cost, and accurate solution.

The present paper provides a short overview of stratospheric balloon missions and their relevance in
atmospheric research, and outlines the challenges and limitations of existing wind speed sensing
technologies. The cup anemometer is also described, detailing its working principle, advantages,
and limitations, and propose a methodology for incorporating the instrument into stratospheric
balloon missions.

To validate the proposed methodology, a stratospheric balloon mission (the Tasec-Lab experiment,
onboard a B2Space balloon launched in 2021), was equipped with a cup anemometer whose
performance was analyzed. The results prove that cup anemometers can provide accurate and
reliable relative wind speed measurements in the tfropopause and the stratosphere. Furthermore, the
low power consumption and the ease of development and calibration of cup anemometers make
them an attractive option for stratospheric balloon missions.

Experimental characterization of a launcher’s fairing separation shock and its influence on
RF antennas’ supporting structures

Carmen Fonseca® Daniel Alonso, Alain Souza
* RFA Portugal Lda., Portugal

Fairing separation is a critical event during a rocket’s launch as it generates mechanical shocks that
can cause partial or total failure of onboard equipment. This study details the experimental results on
the fairing separation shock of the launcher RFA ONE and ifs influence on the supporting structures
of RF antennas. To characterize the separation devices' shock, accelerometers were used at multiple
points of neighboring structures during fairing separation tests. Moreover, the propagation of the
shock on different material structures, such as aluminum, carbon fiber, and Viton® elastomer sealant,
was investigated. The results showed that the presence of Viton® sealant increased shock
fransmissibility. Further investigation was conducted to study the influence of applied torque on the
separation locks on the shock levels. The study revealed that higher torques lead to increased shock
acceleration magnitudes. Finally, the paper provides recommendations for reducing the shock
levels. The experimental results and recommendations presented in this paper provide valuable
insights forlauncher designers and manufacturers to ensure the safety and reliability of shock sensitive
components during flight.

Analysis of Film Cooling for a 3kN LOX/butane Demonstrator Engine

Zoe Ashford, Cranfield University, United Kingdom
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Regenerative cooling has been the primary cooling method for every modern launch vehicle
engine, except for the Viking: a film-cooled (with ablative throat) N204 / UH25 engine used on the
first stage of the Ariane rockets 2-4. Despite this, film-cooling as a stand-alone cooling method has
fraditionally been considered insufficient for the high combustion temperatures and long burn times
associated with launcher engines.

For small launch vehicles, the regenerative cooling pipework can comprise a significant proportion
of the overall engine mass, by contrast, a film-cooling injection manifold may be much lighter.
Therefore, this report explored the feasibility of a solely fiim-cooled engine at the demonstrator scale
(3 kN). A wide range of liquid oxygen (LOX)/butane engines were modelled and from this a
relationship was determined to predict chamber wall temperature for a given oxidiser-to-fuel rafio
(O/F), chamber pressure, and amount of film cooling. Notably, this equation was found to apply to
both a 3 kN and a 30 kN engine. Numerical modelling of engine specific impulse (Isp) using this
equation then found the conditions yielding optimal engine performance. From these, the engine
detailed design was conducted.

Qualification test campaign of RFA one fairing engineering model

Pedro Meireles* James Hooton, Luis Colag¢o, Daniel Alonso, Luis Pinheiro
* RFA, Portugal

The fairing is an important element of the rocket as it protects the payload from the external
environment during the most aggressive phases of the flight. A test campaign was developed with
the aim of qualifying the fairing structure of the RFA One. This test is infended to simulate the quasi-
static loads of the most critical phase during flight. A FEA model was developed to identify the most
critical phase of flight and to identify the quasi-static reactions that replicate the flight loads. Based
on these reactions, the loads and test levels were defined. The test results were compared with the
FEA data in order to correlate and improve the model. The static test was successfully performed at
acceptance and qualification Level 2. The load and strain results indicate that the DLL was achieved
and exceeded by afactorof 1.11, while the fairing maintained its functionality and key performance.
This paper presents the most relevant results of the test, discusses the results compared with the FEA
model and summarizes some lessons drawn from the test campaign.

Development of a Multidisciplinary Framework for Next-Generation Launch Vehicles
Design

Girolamo Musso*, lara Figueiras, Héléna Goubel, Alain de Souza, Frederico Afonso, Fernando Lau
* Instituto Superior Técnico, Portugal

The space sector is currently entering a new era, where small satellites are increasingly being used in
all the standard satellite applications. This era is characterized by the commercialization and
development of the industry, even among countries and institutions with no previous experience,
and by increasing economical and environmental concerns regarding rocket launches, so far
overshadowed.

A multidisciplinary framework to design and optimize space vehicles will be proposed. It will
emphasize the importance of considering the entire value chain along the design phase, from
mafterials and manufacturing processes to end-of-life disposal. Further emphasis will be given to
reusable launch systems, which can significantly reduce the environmental impact of launches and
lower the cost of space access. By combining fechnological innovation and environmental
sustainability, a more resilient and responsible space industry can be created.
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The main scope of the framework will be to couple all the disciplines relevant to the space vehicle
design in a modular way. This will allow the users to create custom discipline blocks, allowing as well
for the inclusion of cost, manufacturing and sustainability considerations. The main focus of this
document will be the "trajectory and confrol" discipline block and its coupling with the
aerodynamics, structures and propulsion blocks.

Optimization techniques will be used to optimize the design and aid the designer in the trade-off
studies. To demonstrate the possible use of this framework, a design concept for a reusable
conventional microsatellite launch vehicle will be proposed and studied.

Overall, this mulfidisciplinary framework aims to provide a comprehensive approach to designing
next-generation launch vehicles that meet the demands of a rapidly changing market while also
minimizing their environmental impact.

On the Design of Next-Generation Launch Vehicles: A Multidisciplinary Framework for a
Reusable Vehicle for Multipurpose Missions

lara Figueiras* Girolamo Musso, Héléna Goubel, Alain de Souza, Frederico Afonso, Fernando Lau
* ST, Portugal

The commercial space launch sector is currently undergoing a significant shift, with increasing
competition and demand for launch services, as well as growing concerns about the environmental
impact of rocket launches. To address these challenges, within the New Space Portugal project
scope, a multidisciplinary framework for designing and optimizing new launch vehicles is proposed.

Creating a more resilient and responsible space industry can be achieved as emphasized by the
framework. It underscores the significance of taking info account the complete value chain
throughout the design of launch vehicles, encompassing materials, manufacturing processes, and
end-of-life disposal. Moreover, particular attention is given o reusable launch systems, which have
the potential to considerably diminish the environmental consequences of launches and decrease
the expense of accessing space.

Significant emphasis has been placed on the Propulsion aspect of the framework, along with the
inclusion of LCA (Life Cycle Assessment) considerations. Optimization techniques will be employed
to enhance the design and assist designers in conducting frade-off studies. As an illustration of the
framework's potential application, the objective is to develop design concepts for a versatile
Reusable vehicle capable of executing multipurpose missions, including the ability to alter orbits and
perform on-orbit servicing, with partial or complete reusability.

In essence, this comprehensive, multidisciplinary framework aims fo address the evolving demands
of the market by designing next-generation launch vehicles that not only meet these demands but
also minimize their environmental impact.

Design and testing of an HDPE - N20 hybrid rocket engine

Triyan Pal Arora, Cranfield University, United Kingdom

Hybrid propellant rocket engines have gained considerable attention with the potential of
combining solid and liquid propellants and inheriting the advantages of both configurations. The
ability to confrol thrust levels and provide throttling makes it better than solid-propellant engines,
while the simplicity of its design is an advantage over liquid-propellant engines. Enhanced safety
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features, lower cost and better performance confrollability, have brought much interest to hybrid
propellant rocket engines.

Hybrid engines are well-suited for small to medium-sized launch vehicles, testing, and research
purposes. Hybrid engines are recently finding their applications for multiple rocket launching service
providers to be used for sub-orbital flights for commercial space travels and scientific research of the
sub-orbital environment. Hybrid engines have specific applications, such as long-duration missions
and in-space propulsion systems, where they are a better option than solid propellant and bi-
propellant liquid propellant systems. This work focuses on developing, designing and testing a 300 N
thrust class hybrid rocket engine.

The research objectives targeted for the current work are assessing the impact of the Pre and Post
combustion chamber lengths selection on the overall motor performance, assisted by CFD
simulations, and developing an actual laid-back test engine, providing exploration scopes for design,
manufacturing, integration of different sub-systems, and hot test firings.

The designed rocket engine comprises a small combustion chamber with axial support from the L-
shaped engine mount at the back and planar supports positioning the chamber horizontally to the
ground. The project highlights the initial design frade study on the fuel and oxidizer choices and
details on the chamber ignition and purging. The ignition process by spark ignition method will be
achieved remotely by igniting a fuse that passes info the combustion chamber through the nozzle.
Gaseous nitfrogen (N2) will be used as the purging gas. The feed line system incorporates multiple
safety features, such as valve isolation between the tanks and the chamber, as well as a detailed
description of the safety measures adopted in the design of the feed system. The engine shall employ
data acquisition systems: thermocouples over the combustion chamber length and nozzle, pressure
fransducers for internal combustion chamber pressure measurement, and a sensitive load cell
measuring the thrust values for the entire test firing duration.

In this work, the primary outcomes of this experiment will be shown with the aid of real-time sensors
and high-definition cameras. The obtained results shall provide information on the thrust levels from
the load cell, temperature gradients from the thermocouples, pressure readings from the pressure
fransducers, plume properties from the high-def camera, and post inspections portraying the effect
of hybrid propellant rocket engine firing on the structure and components.

Combustion Performance of zero-carbon fuels in a Shaped Micro-Combustor for aerospace
propulsion applications.

Maria-Grazia de Giorgi *, Giacomo Cinieri, Guido Marseglia, Zubair Ali Shah, Ghazanfar Mehdi
* University of Salento, Italy

Microcombustor applications are being investigated in aerospace propulsion field, electricity and
heat production.
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The research effort towards the microcombustor field has recently increased due to the demand for
high-performance systems in microelectromechanical and micro power generation for portable
generation devices, unmanned aerial vehicles, micro-satellite thrusters, and micro chemical reactors
and sensors. To address rising concerns about pollutants from fossil sources, zero-carbon fuels such as
hydrogen and ammonia have been considered as an alternative in microcombustion processes.

In a microcombustor, the surface area-to-volume ratio is much higher compared to conventional
combustion systems, resulting in faster heat transfer rates and more infense combustion reactions. As
a result, the combustion of hydrogen and ammonia can occur more quickly and with greater
efficiency in a microcombustor.

However, achieving efficient mixing of fuel and oxidizer in a microcombustor can be challenging
due to its small size, particularly for highly reactive fuels like hydrogen and ammonia.

The unique properties of microcombustors can lead to differences in the combustion behaviour of
hydrogen and ammonia compared to larger-scale combustion systems. Therefore, studying the
performance of these fuels in microcombustors is important for developing clean energy
technologies.

To explore the thermal performance and pollutant emission characteristics of premixed ammonia/air
and hydrogen/air combustion in micro-scale combustors, a numerical investigation was conducted
on a Y shaped micro-combustor.

Development of a highly reconfigurable and modular computer system for suborbital
rockets and micro launchers

Konrad Wojciechowski*, Hubert Graczyk, Karol Bresler, Patryk Rekawek, Rafat Truszkowski, Maciej
Filipowicz
* Lukasiewicz Research Network - Institute of Aviation, Poland

This article presents the development of a modular on-board computer system for a suborbital rocket
in accordance with the in-house developed OBC-K architecture. The computer is made of
independent modules, each one responsible for performing a dedicated task. This architecture is a
great answer to the needs of an ever-changing market and specific demands of different customers.
The ability to easily reconfigure the system or add new functionality without the need to make any
changes to the existing solutions is a great advantage that streamlines the development process.

The computer has been flight proven during last year's ILR-33 AMBER 2K tfest flight. Moreover,
environmental tests have been performed to assess the operation of the computer in harsh
environments, such as wide operating temperature range, vibration or humidity. Throughout the
whole process, the computer has proved to be a highly reliable and robust system well suited to the
conditions of suborbital space flight.

Besides the launch and tests campaigns, the work involved the definition of the OBC-K standard and
the development of multiple different boards compliant with it. The final product includes control,
memory, navigation or power modules capable of handling multiple tasks aboard the vehicle. The
development and integration of new modules is very straightforward thanks to the standardized
interface. Multiple OBC-K devices can be linked, providing the benefits of a distributed architecture.

The article focuses on the current state of the OBC-K standard, the developed boards and tests as
well as lessons learned throughout the whole process. Different configurations are discussed, proving
the merits of the proposed architecture. Plans for future developments are briefly presented and
discussed.
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Design of a LEO engine control unit for a space-constrained environment

Michat Piwowarczyk* Konrad Wojciechowski, Hubert Graczyk, Mateusz Rusak, Karol Bresler
* Lukasiewicz Research Network - Institute of Aviation, Poland

The growing demand for satellite imaging and space communication has spurred numerous new
small and nano satellite constellation projects. Many of those need some form of propulsion for orbit
and atfitude control. Mass and size constraints make a one-size-fits-all approach almost
impracticable, and even specific solutions can often be challenging to develop.

The goal of the SAT-ECU project is to develop an engine control unit (ECU) for a Low Earth Orbit small
satellite with a planned lifetime of 2 years. Iis key functionalities include measuring the propellant
pressure and temperature, tracking the propulsion system health and conftrolling the actuators. The
main challenge of the project is to fit the system in the limited space available, while still providing all
the necessary functionalities and ensuring robustness.

This paper describes the design of an engine control unit for a Low Earth Orbit small satellite. Key
requirements are presented, along with the system architecture developed from them. The SAT-ECU
design is described, with focus given to issues created by the small size of the device. The approach
to system reliability is discussed and an overview of lessons learned so far is provided.

Electric propulsion system for Nano Satellites

Petersen Jan* Geier Sebastian, Wierach Peter
*DLR, Germany

The number of small satellites is increasing significantly over the years. It has been estimated that
15.000 satellites are going to be send to space between 2021 and 2030. About 90 % of them are
going o be small satellites.[1] Those can be produced fast and cost efficient, which opens up new
possibilities for research projects or commercial ones. To reduce weight and volume is always
relevant for space missions which is where an electric propulsion system can play an important role.

In the DLR project DEEP an electric propulsion system is build up to demonstrate the potential for new
nano satellites. Compared to chemical ones, this system can improve fuel efficiency and mass
savings even further. The base of the system is an electrode plasma heater, which allows the use of
alternative and cheap propellants such as argon. By using infermittent operatfion of the propulsion,
the thermal control of it willimprove. Beside all the positive aspects of using electric propulsion there
is one drawback coming from the infermittent operation: a high electric current stressing especially
the energy source of small satellites. A way out of this situation is the use of a so called supercapacitor,
an energy storage able to provide high electric cumrents. Adding a second energy source brings with
it anincrease in the overall system mass and volume. To reduce the additional mass, we will infroduce
structure integrated supercapacitors. They can relieve the energy system of satellites by providing
the electric energy for the ignition and simultaneously act as structural part of the propulsion ifself,
which helps decreasing the overall system weight.

In this talk the project DEEP is being presented with the focus on the electric energy system. First
integration strategies and the system architecture of the energy storage will be shown to present the
way of a novel propulsion system from the lab fo an in orbit demonstrator.

1. https://www.dIr.de/rd/de/desktopdefault.aspx/tabid-2262/3373 read-77115/
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Hybrid Rocket Performance Modelling using Siemens AMESim

Hasani Azamar, Adriano Isoldi, Dario del Gatto*
* Cranfield University, United Kingdom

Hybrid rocket engines use both liquid or gaseous oxidizers, and solid fuels to generate thrust. These
engines offer several advantages: compared to solids, they are safer since combustion can be
stopped anytime by conftrolling the oxidizer flow rate. Additionally, they have higher specific impulse.
Compared to liquid rocket engines, hybrids have better confrollability because there is only one
propellant feeding line to control and regulate the thrust. Hybrid rocket engines, however, have
significant drawbacks. They are less efficient than liquid rocket engines and they also have more
sophisticated feed systems than solid rocket engines, which can make them more challenging to
design and run. Due to their potential use in space travel, satellite launches, and other space
exploration missions, hybrid rocket engines have recently attracted renewed interest. The design and
performance of hybrid rockets are constantly being improved by engineers to address their problems
and capitalise on their special qualities.

Prior to conducting rocket engine tests, model development is essential. Before spending money on
expensive and potentially risky testing procedures, it enables engineers to simulate and analyse the
engine's behaviour under various conditions to find design flaws and areas for improvement. This
approach helps to reduce the cost and time involved with testing by limiting the number of physical
tests needed. Hence, model development is a key phase in the rocket engine design and
development process that saves time, money, and increases safety.

In this paper, we propose a comprehensive modelling and validation for designing hybrid rocket
engine that includes feed system, combustion chamber and nozzle analysis. The model is developed
in SIEMENS AMESim and validated by comparing it with available literature data. The validation
process ensures the accuracy and reliability of the model. Siemens AMESim is a versatile and powerful
system simulation software tool used in numerous sectors o design, simulate, and evaluate complex
dynamic systems. In addition to pre-built models and a variety of modelling and simulation
methodologies, it offers an intuitive user interface. Engineers may build and improve control systems
for their systems using Siemens AMESIim, which offers sophisticated modelling and simulation
capabilities.

To highlight the usefulness of the suggested methodology, we give different case studies for different
types of oxidisers used in hybrid rocket engines. Models are developed based on specific
requirements and they are validated using available literature data. The proposed modelling and
validation framework provides a comprehensive approach to designing and validating hybrid rocket
engines.

Radiation protection methods for a suborbital aircraft

Quintilla Berti* Juliane Coutinho, Laura De Zotti, Alessio Fanni, Antonio Murrone Salto
* Politecnico di Torino, Italy

The aim of SALTO’S work is to study possible radiation protection system to shield Elysium aircraft
during a suborbital flight. Deep research on space radiation, their intensity and penetrating power
was carried out, into compare such values with the recommended dose for the human body.

First of all, a sandwich panel was designed as passive solution (more tfraditional and reliable),
designed to both shield the structure and withstand the flight loads. In this way, it was possible to
have a solution with no weight penalty on the vehicle. The selected materials are hydrogen-rich
mafterials, as electron-rich materials are the best choice for space radiation shielding. The external
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faces of the sandwich panel are a layer of a composite material with epoxy resin as matrix and long
carbon fibres, while the core is a hydrogen-rich benzoxazine composite reinforced with ultra-high
molecular weight polyethylene. Every layer has a specific thickness that was optimized using MATLAB,
to better shield the aircraft.

Moreover, to thermally protect the structure, a thermal protection system was designed making use
of a protective coating for the epoxy layers that are exposed to the external environment. The
following part of the passive solution focused on the windows: the team chose friple-pane windows,
whose layers are in quartz fused, borosilicate and aluminosilicate glass. The gap between the
external and the middle panes is a vacuum, while between the middle layer and the inner one there
is an inert gas. Again, the thickness of each layer was optfimised using MATLAB. The results were
validated by OLTARIS. The team researched about active shields, based on the use of an
electromagnetic field to deflect charged particles from the spacecraft. This solution has some
advantages like a long-lasting effect, adaptability, and low maintenance costs. Three different
configurations for this type of shield were defined: toroidal, coupled spires and concentric solenoids.
For those layouts, the installation takes place between the passenger’'s cabin and the skin of the
spacecraft. The toroidal layout can offer a wide protection area and a uniform magnetic field, but
it can be more complex, heavier, and more expensive than other configurations. The coupled spires,
on the other hand, can be simple, with good energy efficiency and flexible but it can create non-
uniform magnetic field within the protected area. The solenoid layout was a more reliable and
simpler solufion, and it was therefore the one chosen by the team. Besides that, the tfeam also studied
about which materials would fit properly the shield and the superconductor YBCO showed a
promising behavior. Lastly, some requirements for the cooling system of the shield were defined,
which are: select a refrigerant, purchase a compressor, choose a heat exchanger, install the
solenoids, and add a control system.

Aircraft Design

Prof. Massimo Viscardi (University of Naples "Federico II")

Business Jet Conceptual Design: A Cost-Driven Approach

Gabiriele Sirtori*, Riccardo Falsetti, Lorenzo Trainelli, Carlo E. D. Riboldi
* Politecnico di Milano, Italy

Business aircraft can be classified looking at propulsion (piston engines, turboprop, jet) or the
applicable certification category, or the design mission, characterized by its range and payload.
Particularly, a classification for business jet (BJ) aircraft that is often used refers to six different classes,
ranging from Very Light Jets certified under CS23, with up to eight passengers and up tfo 1 200 NM
long missions, to Long Range Jets certified under CS25, with up to 19 passengers and up to 6 500 NM
long missions. A further class is represented by Executive Airliners, i.e. airliners converted to business
aircraft.

The present work illustrates a cost-driven approach to the conceptual design and preliminary sizing
of a BJ that allows a reduction of operating costs when compared to existing aircraft, while enabling
an extended operational usage that goes beyond the traditional classification mentioned above.
This is applied to a range of missions of interest from mid-range (4 000 NM) to long-range (6 500 NM).
Based on direct contacts with BJ operators and a thorough review of publicly available data, it can
be argued that the average amount of passengers carried over long-range flights is equal to 4-5
people, making a 10-to-19-seat aircraft much too large. Therefore, a new BJ concept is developed,
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with maximum payload of ten passengers and a design mission consisting in a range of over 5 500
NM with six passengers.

The preliminary aircraft sizing has been carried out using HYPERION, a general, extensively validated
preliminary aircraft sizihg methodology developed at Politecnico di Milano. Some technical
innovations, reflecting the aerodynamic and propulsive improvements that have already been
infroduced on the latest commercial jets, have been considered. The result is the preliminary sizing
of the New Business Jet (NBJ) concept. Figure 1 shows a comparison in economic performance
between the NBJ and two reference designs, the Medium Range Business Jet (MRBJ) and Long
Range Business Jet (LRBJ), both sized with HYPERION to represent suitable competitors. As apparent,
the NRJ can perform long-range missions with sensibly lower costs than the LRBJ, while keeping slightly
cheaper than the MRBJ on mid-range missions.

Rapid Aircraft-Level Evaluation of Revolutionary Propulsion Concepts
Arne Seitz, Bauhaus Luftfahrt e.V., Germany

Advanced propulsion system technologies remain a key factor in ensuring the aircraft energy and
emission reductions needed in order to achieve aviation's long-term climate and sustainability
targets. The required step improvements in system efficiency and emission characteristics demands
for technological options that go clearly beyond the classic technological evolution. As a result,
alternative types of energy have entered the serious discussion of potential systemic solutions for
aviation propulsion and power, alongside with revolutionary technological options, such as
advanced fuel cells or radical heat engines. Especially, the prospect of green hydrogen as a possible
energy source for aircraft propulsion and power has recently been spuring new ideas for
revolutionary power plant systems (e.g. [1-3]). A quick incubation and rapid initial technical
assessment of such new ideas is necessary in order to identify suitable candidate solutions for
subsequent speedy technology maturation targeted to meet the mid-century market demands in
commercial air transport.

In order to serve the need for a swift and integrated evaluation of revolutionary propulsion system
options, Bauhaus Luftfahrt's existing in-house Aircraft Design Environment (BLADE) [4] has been
complemented by a set of simplified methods for the pre-conceptual scaling of advanced aircraft.
With a reduced set of design parameters and extremely rapid response times, this “Level 0" model
dubbed SAS (Simplified Aircraft Scaling) enables a particularly quick gain of basic knowledge on
integrated system efficiency and emissions behaviour. As well, it provides a solution for the immanent
starting value problem associated with more sophisticated aircraft conceptual and pre-design
tooling.

In this conftribution, the methodological foundation of SAS is infroduced and its capabilities are
demonstrated based on insightful case studies. Therefore, the applied top-down approach to
resolving aircraft vehicular efficiency is discussed, including a unified formulation of propulsion system
efficiency, aircraft aerodynamic efficiency and aircraft mass breakdown mapping. A library of
aircraft and propulsion system design and performance heuristics reflecting key characteristics of
state-of-the-art subsonic fixed wing air fransport vehicles is infroduced. The adopted aircraft and
propulsion system design scaling procedure is explained as well as the approach to mapping the
integration of advanced technologies. Results for representative aircraft-level validation cases are
provided. Beyond the baseline setup, a number of selected methodological extensions are
highlighted including capabilities for the evaluation of fuselage Boundary Layer Ingesting (BLI)
propulsion integration [5], liquid hydrogen fuel options as well as fuel cell — gas furbine hybrid
propulsion systems [1]. To round of, initial assessment results for three hydrogen fueled airliners with
revolutionary propulsion system architectures are presented that span the regional, short-range and
long-range market segments.
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BLADE: A Modular Environment for Traceable and Automated Aircraft Design

Michael Lidemann* Marc Engelmann, Hagen Kellermann, Philipp Maas, Fabian Peter, Mirko
Hornung and Florian Troeltsch

* Bauhaus Luftfahrt e. V., Germany

This paper introduces the Bauhaus Luftfahrt Aircraft Design Environment (BLADE), which facilitates the
investigation of novel technologies on aircraft level and has been developed with a special focus
on modularity, as well as providing a fraceable aircraft design process and its automation. The first
aircraft to be designed with BLADE were conventional kerosene-powered short-to-medium-range
and regional aircraft utilizing turbofan, respectively turboprop engines and represent the aircraft
application focus of this paper. Herein, specifically, Airbus-A320-class and ATR-72-class aircraft are
used to illustrate the structure, data exchange philosophy, overall methodology, and underlying
methods of BLADE. Furthermore, the software development fundamentals that underpin ifs
architecture are presented. The paper then concludes with a summary of the unique characteristics
of BLADE, a description of its current development activities and challenges, and an outlook on future
development plans.

Within BLADE, the aircraft design disciplines or aircraft components are covered by dedicated
modules programmed in Python, which are communicating via the Common Parametric Aircraft
Configuration Schema (CPACS) [1] and executed sequentially. Due to the CPACS-based modular
architecture, the design process can be easily customized, and the associated flow of information
combined with the used iteration and convergence methodology allows for a full understanding of
how an aircraft design is achieved. The architecture of the modules enables a complete automated
aircraft design process, e.g., by starting from an A320ceo-class aircraft input file, subsequently the
related output file, an A320neo-class aircraft, its year-2035-version, and a concept aircraft, including
parameftric studies, are automatically derived. This degree of automation significantly reduces
manual work and potfential errors during the design process. BLADE's modules feature well-known
semi-empirical and in-house-developed sizing and calculation methods, as well as detailed table- or
neural-net-based engine models and a mission analysis based on the equations of motion.
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A method for requirements analysis using probabilistic machine learning

Andrea Spinelli, Timoleon Kipouros*
* Cranfield University, United Kingdom

We present a methodology for rapidly testing “what-if" scenarios in the early conceptual design
stages. This comes in the aid of engineers and stakeholders for better understanding the impact
setting requirements have on the feasibility and success of the design. Data-driven surrogate
methods and probabilistic approaches are employed in a proof-of-concept example for aircraft
design.

Enhancing Reliability in Airframe Structures through Digital Twins and Model Updating
Techniques

S$.M.O. Tavares®, J.A. Ribeiro
* TEMA - University of Aveiro, Portugal

In the realm of airframe structural design and assessment, numerical modeling tools have become
essential. These tools allow for the analysis of intricate structural parts, incorporating diverse material
properties and loading scenarios while minimizing the need for extensive experimental testing.
However, the current models face limitations in accurately capturing the nuanced real-world
behavior of aircraft structures. Challenges arise due to factors such as material property scatter,
manufacturing-induced geometric deviations and residual stress, and other effects that can only be
estimated or fully captured during service.

This work aims fo evaluate and discuss the potential impact of digital twins on addressing these
limitations and enhancing the reliability of numerical models through model updating techniques.
Digital twins, virtual replicas of physical assets or systems, can improve the solutions to overcome the
gaps between numerical models and real-world behavior. By integrating and processing data from
sensors, operational inputs and historical data, digital twins provide a more comprehensive
understanding of the structural behavior throughout an aircraft's life cycle. With the exploitation of
machine learning techniques, as graphical neural networks (GNNs), recurrent neural networks (RNNs)
and physics-informed neural networks (PINNs), new methods for model calibration and validation
combining experimental inputs with simulation models. By leveraging these techniques, digital twins
can be confinuously updated and refined, allowing for more accurate predictions of structural
behavior and performance.

These models can enable real-time monitoring, performance optimization, and decision support. In
addition, integrating sensor data and model updating techniques, digital twins have the potential to
improve the design, evaluation, and maintenance processes. They can provide valuable insights into
the structural health, safety, and reliability of aircraft structures, leading to more efficient and safer
operations.

LIGHTWEIGHT AND LOW COST TECHNOLOGY FOR MANUFACTURING OF A GENERAL
AVIATION AIRCRAFT CONTROL SURFACES

Massimo Viscardi, University of Naples “Federico II”, Italy

The present work is connected to a research project that faces the study of low-cost manufacturing
tfechnologies and processes of aeronautical structures made of composite material, referring to
aircraft belonging to General Aviation (GA). In the specific, the main purpose of this work consists in
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the design and manufacturing of the vertical control surface of an aircraft belonging to the VLA class
using Light Resin Transfer Moulding (LRTM). Starting from the geometrical characteristics of the control
surface and the peculiarities of the related aircraft, the relative load distribution has been calculated
according to the requirements expressed in Appendix B of CS-VLA regulafions. Using a numerical
simulation software for finite element analysis, the load, calculated by the procedure in question, has
been used as input to the FEM model for the purpose of structural design, i.e. for the choice of the
materials and of an appropriate stacking sequence. Once the model has been completely defined,
it has been possible to design and to fabricate the moulds for the following phase, which consists in
the production of the prototype.

Following the production process, the last part of the work focuses on the preparation and the
implementation of an experimental campaign that aims at verifying the quality of the infusion
process (C-Scan) and of the structural properties of the component, paying attention to the
comparison with the previously obtained numerical results.

Ultra-Efficient Short and Medium Range (SMR) aircraft
Mr. Xavier Hue (AIRBUS)

SMR ACAP: The Clean Aviation Short & Medium Aircraft - Aircraft Architecture Project
Xavier Hue, Airbus Operations, Bremen, Germany

In the context of the European Green Deal and the need to achieve climate neutrality by 2050, the
SMR ACAP (Short and Medium Range - Aircraft Architecture Project) will integrate new, disrupftive,
aircraft technologies coming from the linked SMR projects to deliver net greenhouse gas (GHG)
reductions of no less than 30% compared to 2020 state-of-the-art, support the launch of a new
product by 2035 (to replace 75% of the fleet by 2050), and exploit the synergies with other national
and European related programmes.

The SMR Aircraft Architecture and Technology Project (SMR ACAP) shall be the cenftral place to
assess and infegrate all technologies at aircraft level, from across the projects in the SMR pillar.
Establishing the link to projects with relevant technologies in the other Clean Aviation "Pillars™ and
fransverse projects associated with novel cerfification methods is part of the work plan of the project.
Two main types of SMR concept aircraft will be established to assess the different technologies
integrated at aircraff level either for an “Ultra efficient SMR” and a "H2 enabled SMR". The setup of
the ACAP project is tailored to steer and manage the definition of the targeted SMR aircraft
configurations with all key performance features required for the SMR architecture.

In order to accelerate the maturation of the SMR aircraft technologies, ACAP will provide a digital
collaborative framework with tools, means and skills enabling to continuously link all R&T activities
within the SMR pillar (strongly linked to other Clean Aviation pillars) to deliver solutions meeting the
Clean Aviation high level goals. Coordinated by Airbus, the project consortium is composed of a well
balanced mix of innovative actors from the aeronautical industry (including SME) covering almost alll
technical disciplines of aircraft R&T complemented by a strong foundation of Academia and
Research and Technology Organisations, which will be further widened with the planned linking to
other CA projects.

Started in January 2023, the ACAP project is aiming fo identify "best athlete" SMR aircraft concepfts
before the end of CA phase 1 by the end of 2025 and, based on sound analysis of the expected
impact with respect to the CA objectives, to propose which technologies shall be further developed
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and demonstrated in a Clean Aviation phase 2.

The presentation will provide information about the progress of work defining the Clean Aviation SMR
concept aircrafts, the establishment of a common backbone of tools and formats to be able to link
the activities of the different projects developing technologies associated with the CA SMR aircraft,
as well as on the chosen approach for the cooperation between the projects targeting to integrate
and assess the “impact” of technologies combined at aircraft level in a common, synchronized
roadmap.

Project: UP-WING: Ultra Performance Wing - Challenges and opportunities of an high aspect
ratio wing

Jens Konig®* Bruno Stefes
* Airbus Operations, Bremen, Germany

The Ultra Performance Wing project (“UP wing”) will validate, down select, mature and demonsirate
key technologies and provide the architectural integration of “ultra-performance wing” concepts
for targeted ultra-efficient Short/Medium Range aircraft (SMR).

Independent of future energy carriers, energy efficiency is confinuing to be a crucial challenge for
future aircraft design. The demand for zero net emissions of greenhouse gases by 2035 is only
achievable if the energy consumption is massively reduced. The wing plays the dominating role for
a further drastically drag & weight improved aircraft. The more the product concept may change
the more the wing design concept has to be adapted.

The two main challenges will be addressed covering most of the potential design space:

Configuration 1: An aircraft equipped with a novel ultra-high performance wing using SAF
(sustainable “kerosene-like” fuels)

Configuration 2: An aircraft equipped with a novel ultra-high performance wing exploiting non-drop-
in fuels such as hydrogen in cryogenic storage will be investigated, including different types of
propulsions

Both configurations will contribute to the targeted product high level ambition of minimum 30% fuel
burn reduction at aircraft level compared to a 2020 reference state of the art aircraft with
conventional technologies, as defined SMR-ACAP (Short and Medium Range - aircraft architecture
Project)

Project: FASTER H2: H2 technology integration - Short and Medium Range aircraft fuselage

Alexander Horn, Airbus Operations, Hamburg, Germany

The FASTER-H2 project will validate, down select, mature and demonstrate key technologies and
provide the architectural integration of an ultra-efficient and hydrogen enabled integrated airframe
for targeted ultra-efficient Short/Medium Range aircraft (SMR), i.e. 150-250 PAX and 1000-2000nm
range.

To enable climate-neutral flight, aircraft for short and medium-range distances have to rely on ultra-
efficient thermal energy-based propulsion fechnologies using sustainable drop-in and non-drop-in
fuels. Besides propulsion, the integration aspects of the fuel tanks and distribution system as well as
sustainable materials for the fuselage, empennage are essential to
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meet an overarching climate-neutrality of the aviation sector. Green propulsion and fuel
technologies will have a major impact on the full fuselage architecture, including the rear fuselage,
the empennage structure as well the integration of systems for the chosen energy source are
concerned (H2, direct burn, fuel cell). Not only do the specific properties of hydrogen necessitate a
re-consideration of typical aircraft configurations, requiring new design principles formulation and
fundamental validation exercises, but they also raise a large number of important follow-on questions
relating to hydrogen distribution under realistic operational constraints and safety aspects. The
project will explore and exploit advanced production technologies for the integrated fuselage /
empennage to reduce production waste and increase material and energy exploitation with
Intfegrated Fuselage concept selected (maturity TRL3/4) until end of first phase in 2025. An
anficipated route to TRL6 until end of the Clean Aviation programme in 2030 will ensure entry-into-
service in 2035.

Project: HEAVEN: Delivering a step change in efficiency and an optimum propulsion
architecture for net zero carbon fuels

Geoff Holt*, Craig Bemment

* Rolls-Royce, Derby, United Kingdom

In 2014 Rolls-Royce announced UltraFan® a new engine architecture to deliver a step change of
25% efficiency compared to the Trent engine, a goal that this now largely in reach. Since UltraFan
was defined the imperative for aerospace to transition more quickly to net zero carbon and reduce
impact on the environment has increased.

To deliver net zero carbon aviation requires the use of alternative fuels such as Green Hydrogen and
Sustainable Aviation Fuel (SAF) combined with the power density of a gas turbine engine for the Small
and medium range (SMR) market and above. These fuels require significant energy and investment
to produce and in the case of Hydrogen, aircraft fuel storage is more challenging. Therefore, it is
more important than ever to minimise the amount of fuel required for aircraft propulsion and systems
by optimisation of the gas furbine engine and reducing wasted energy across the propulsion system.

This presentation will explore how the HEAVEN project led by Rolls-Royce will evolve the UltraFan
through technology insertion to deliver a further step change in efficiency and how the architecture
is scalable to meet different aircraft requirements and needs of different markets and deliver a
significant impact on emissions from aviation. It will look at how the architecture can be adapted to
take advantage of the properties of net zero carbon fuels such as Hydrogen to improve efficiency,
how this can be combined with Hybrid electric technology to reduce wasted energy and how this
can achieve the 20% fuel burn reduction targeted by the Clean Aviation Strategic Research and
Innovation Agenda (SRIA) for SMR propulsion.

Project: SWITCH: The Sustainable Water-Injecting Turbofan Comprising Hybrid-Electrics

Sascha Kaiser, MTU Aero Engines, Germany

The European Green Deal proclaims the goal of climate neutrality by 2050. For the aviation sector,
the Clean Aviation programme fosters innovation to enter into the market by 2035 on a new short-
medium range aircraft fo significantly reduce avia-tion's climate impact. This requires not only a
major reduction in fuel bumn, and thus CO2, but also the non-CO2 effects coming from NOx emissions
and confrail formation.

The project SWITCH - Sustainable Water-Injecting Turbofan Comprising Hybrid-Electrics - aims to
answer this challenge. SWITCH develops technology for short-medium range air transport by
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developing a revolutionary sustainable gas turbine propulsion system — the hybrid Water-Enhanced
Turbofan (hybrid WET). It boosts WET technology with hybridization (Electrical Aircraft Propulsion — EAP)
to improve energy efficiency by 25% and reduce climate impact by 75% (using net zero-CO:2
sustainable aviation fuel, 50% with conventional Jet-A kerosene) compared to a state-of-the-art
engine. It is the only concept to significantly reduce all three major warming effects on our climate:
COz2 through unmatched efficiency, NOx through wa-ter injection in the combustor, and contrails
through particle removal and water re-covery. Local air quality and noise levels around airports are
improved through elec-tfric taxiing.

The SWITCH project will meet this challenge with a global consortium led by MTU with Airbus, Pratt &
Whitney, Collins Aerospace, and GKN Aerospace. SWITCH will mature the hybrid WET's two key
innovation concepts by 2025: The WET engine to technology readiness level (TRL) 4 through validation
of its key enabling technologies and the EAP system to TRL 5 through flight-ready engine ground
demonstration of the full propulsion system.

Hybrid-electric flight

Prof. Andreas Strohmayer (University of Stuttgart)

An overview of the possibilities, current status, and limitations of battery technologies to
electrify aviation

Maria Zamarrefio-Sudrez* Francisco Pérez Moreno, Raquel Delgado-Aguilera Jurado, Rosa Maria
Arnaldo Valdés, Victor Fernando Gémez Comendador

* Universidad Politécnica de Madrid, Spain

In terms of Environmentally Friendly Aviation (EFA), the EU's goals are ambitious. The current time
horizon for achieving a revolution in sustainability is 2050. To reach the envisaged targets, it will be
essential fo develop new propulsion technologies (electric and hybrid thermoelectric) and new fuels
(e.g.. hydrogen or sustainable fuels). The options available are many, but so are the technological
challenges that need to be overcome to implement them.

Among the most relevant aircraft application technologies is the use of batteries. Beyond
conventional aircraft, the use of this type of technology also has great potential within urban air
mobility.

This work aims to discuss the feasibility of including battery technologies to electrify aviation,
highlighting their great potential, but also outlining some of the main technological challenges that
will be faced in the coming years. The work is framed within the EFACA (Environmentally Friendly
Aviation for All Classes of Aircraft) project, a project funded by the European Commission through
the Horizon Europe Programme, which focusses on the analysis and development of new
technologies to make aviation more sustainable. It also aims to establish a roadmap with the
intermediate milestones needed to meet European sustainability targets. Among the tfechnologies
covered by the project are batteries.

The first step in determining which applications of battery technology are most suitable for each type
of aircraft is to have an overview of these technologies. For this, it is necessary fo understand the
basic principles of battery operation and the main challenges when including batteries in aviation
(battery performance, safety issues, problems in battery manufacturing, and disposal). In addition, it
is of the utmost importance to study the performance metrics characteristic of each type and
establish a battery classification. From batteries, based on such important characteristics as their
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specific energy requirements or operating profiles, it is possible to define aircraft types according to
the different applications and extend the study to aircraft classes.

This work presents a summary of all the aforementioned topics, from a first presentation of batteries,
their possibilities in the electrification of aviation and the main technological challenges, to a
classification of batteries according fo their performance metrics. This is followed by a
characterisation of which types of aircraft could use these technologies and what technological
developments should be achieved to continue progress fowards a cleaner aviation.

Energy management of an eVTOL aircraft with optimization based on the Equivalent
Consumption Minimization Strategy (ECMS)

Meryem TAGHBALOUT, Ingenieur, France

With growing concerns over air pollution, the aviation industry is actively exploring clean energy
powered aircraft, particularly electric Vertical Take-Off and Landing (eVTOL) aircraft, as a key future
tfrend. This paperintroduces an online optimization-based power management strategy called ECMS
(Equivalent Consumption Minimization Strategy) specifically designed for eVTOLs. The hybrid
propulsion system (HPS) employed in eVTOLs integrates fuel cells as the primary energy source,
supplemented by lithium-ion batteries.

The ECMS strategy aims to achieve an optfimal distribution of energy demand among multiple
sources, considering their constraints and maximizing operational efficiency. Its primary objective is
fo reduce environmental impact and enhance energy sustainability by minimizing hydrogen
consumption, while ensuring performance and safety requirements are met.

Analytical model-based simulation and optimization methods, specifically utiliziing the ECMS
approach, are employed to calculate the optimal operational parameters for the eVTOL, taking into
account the available energy resources. Initially, these techniques are implemented in MATLAB fo
conduct performance simulations under various conditions. Moreover, this study explores the
implementation of the proposed solution in OpenModelica, which not only yields comparable results
tfo MATLAB but also offers a cost-free alternative by using an open-source soffware widely used by
research community.

The adopted ECMS control strategy demonstrates satisfactory reliability, low computation time, and
cost-effectiveness. The study analyzes and presents the power distribution and various results
obtained, underscoring the effectiveness of the chosen method. Additionally, a comparison with
alternative energy management strategies is provided, emphasizing the advantages of the ECMS
approach.

Comparison of Permanent Magnet Synchronous Machines for Hybrid Light Aircraft with
traditional and additive winding technologies

Giovanni DiDomenico®* Moreno D'Andrea, Marco Villani, Jakob Jung, Rick Ottolinger
* UMBRAGROUP S.p.A., Italy

Electrical motors are key components in electrical transition asked for greenhouse gas reduction
programs. Future aircrafts will certain have electrical motors for primary and secondary surfaces
control, for landing gears and for other actuations like high-lift system, but they will need also
electrical motors for propulsion. The latter is the hardest challenge due to the high power density
required, the Hybrid-Electric propulsion represents on of the most important topic in the aerospace
industry and a good option to pursue the electrification change especially in light aircraft segments.
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The focus of this paper is the comparison among permanent magnet synchronous motors for Hylbrid
Light Aircraft propulsion with traditional and additive winding technologies.

KINETIC ENERGY RECOVERY FROM A LANDING AIRCRAFT: EVALUATING ONBOARD ENERGY
STORAGE SOLUTIONS

Aman Batra* Robert Camilleri
* University of Malta

The European Union (EU) is driven by its ambitious strategy Flightpath 2050, which sets aggressive
targets to reduce in flight CO2 emissions by 70% and NOx emissions by 90% and reduction in noise.
Despite focus on the airborne phase, EU is legislating that all aircraft movements on the ground
should be emission-free by 2050. A typical 10-minute aircraft taxiing consumes approximately 100 kg
fuel with a considerable amount of carbon and NOx pollutants released at ground level. To address
this, several engineless taxiing solutions have been researched. These can be categorized as external
or onboard. External taxiing solutions such as TAXIBOT [1] tows the aircraft from the gate to the end
of runway. While this reduces fuel consumption, CO2 and noise emissions, it requires significant
investment and taxiway infrastructure. It also produces an increased ground vehicle traffic and
creates new logistical challenges to match tow trucks to aircraft. Conversely, onboard electric
taxiing solutions such as Electric Green Taxiing System (EGTS) [1] and WheelTug [1] can use existing
infrastructure and allow the aircraft with full autonomy. However, both solutions require additional
electrical power which the current aircraft auxiliary power unit could not provide. As a result,
retrofitting such systems is not a feasible option. The environmental impact of various taxiing
techniques with reference to standard taxiing method was studied in [2]. It was shown that onboard
technologies have lower taxiing emissions than fuel powered tow-trucks and offer fewer logistical
challenges and allow aircraft to maintain their autonomy in airport operations. However, upgrade of
the APU for powering electrical motoris a hurdle to retrofit existing fleet towards zero-emission taxiing.

This paper addresses this issue in onboard solutions and proposes a novel concept of Kinetic Energy
Recovery System (KERS) from a landing aircraft. Energy is stored temporarily and reused so that it
enables engine-less taxing. An energy analysis of the concept, including environmental and
economic prospects were presented in [3]. It was shown that the use of such technology in low-cost
carrier aircraft, would presents a unique opportunity to turn an emission problem into a green solution.
This paper evaluates the choice of onboard Energy Storage Solutions (ESSs) (flywheels,
supercapacitors or batteries) for storing the energy while braking. The paper uses energy needed for
taxiing to size customized flywheel, supercapacitor and battery solutions to store that energy. The
resulting ESSs are compared on the basis of weight, charging time, discharging time and complexity
in refrofitting to existing systems. The paper also assesses if additional inflight emissions due to added
weight of ESSs would offset the economic and environmental benefits of engineless taxiing through
a KERS.
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Multifunctional structural batteries - the promise of weight reduction in hybrid electric
aircraft

Helmut Kihnelt, AIT Austrian Institute of Technology, Austria

The introduction of hybrid electric aircraft is one of the envisaged ways to innovate the market of
civil aviation while striving for climate neutrality by 2050, as stipulated by the European Green Deal
and ACARE's updated European vision for sustainable aviation [1,2], as electrification of propulsion
can enable alternative propulsion configurations to increase tank-to-thrust efficiency and to achieve
synergies with other aircraft sub-systems.

Hybrid electric propulsion is nowadays considered mainly for aircraft up to regional size with two main
options for the onboard electrical power source: mechanical or electrochemical conversion, with a
generator or a (H2) fuel cell system, and/or storage in batteries. Either option will show a substantial
increase of aircraft empty mass, even when utilizing upcoming ultra-high energy density lithium-ion
batteries that are expected to reach the theoretical limits of this battery technology in the coming
years [3]. As post-Li-ion batteries (e.g. metal-S or metal-O2) are still far from market, this poses
significant challenges for electrifying the propulsion of larger aircraft, ranging from commuter over
regional to short-medium range.

Multifunctional electrical energy storage, equivalently referred to as structural batteries, are capable
of storing electrical energy while bearing mechanical loads, seamlessly allowing for storage
capabilities at zero weight penalty. Over the last decades, many concepts of this technology have
been investigated, exploring different degrees of multifunctionality, i.e., from multifunctional
constituents and materials to multifunctional structures, and different cell designs have been
demonstrated, including reinforced planar cells and coaxial wires. However, multifunctional
efficiency adequate for aeronautic applications has not been achieved so far and several gaps in
research, technology development and, specifically to the aeronautic field, in airworthiness
certification have never been tackled [4,5].

The CleanSky 2 project SOLIFLY (2021-2023, GA 101007577) and the HORIZON project MATISSE (2022-
2025, GA 101056674) address the fundamentals of structural batteries, by combining research and
tfechnology development in the fields of: (a) structural electrochemistry, developing structural
electrolytes for state-of-art high energy active materials (NMC, Si-graphite) that are performant, safe,
mechanically capable and thermally stable, (b) integration of structural battery cells into carbon
fibore composite laminate and sandwich structures, considering structural materials and
manufacturing practices accepted by aeronautic industry, (c) on-cell sensing and monitoring micro-
electronics for both energy storage and surrounding structure spanning a sensor network that will
make aeronautic parts smart over their entire life, from manufacturing over use to second life and
recycling, and (d) manufacturing and certification while exploring the potential of deploying such
technology in multiple aircraft categories.

Book of Abstracts
Page 123



SEPTE?;? 13th EASN International Conference
VIDER

2023 on Innovation in Aviation and Space
Salerno, ltaly for opening New Horizons

Within SOLIFLY and MATISSE, the feasibility of aeronautic structural batteries will be demonstrated first
within a standard interior aircraft part (i.e. a stiffened composite panel of representative size, 2023),
and later at full scale in a replaceable wingtip of a fully electric light aircraft (i.e. Pipistrel VELIS Electro,
2025), achieving TRL 4 by 2025.

This paper will present an overview of the current research performed and preliminary results
achieved within SOLIFLY and MATISSE with focus on recent tests of functional structural battery
coupons and an outlook on the upcoming demonstration of the SB panel. Furthermore, the steps
necessary to mature further SB technology and enable industry uptake will be discussed.
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Concept Development of the Air Inlet for Fuel Cell-Powered Electric Propulsion Systems for
Regional Aircraft

Stefan Kazula* David Hintermayr
* German Aerospace Center (DLR), Germany

Electrified propulsion systems powered by hydrogen fuel cells are a promising technology for future,
sustainable aircraft. However, operating a fuel cell in an aircraft poses new challenges to other
components, like the air inlet system. Not only does the fuel cell have to be supplied with a constant
stream of clean air for the cold combustion, but also high amounts of waste heat have to be
discarded into the atmosphere.

This paper investigates different air inlet systems using analytical methods. First, concepts are
identified by analysing the state of the art in air inlet design. Secondly, promising concepts are
selected using a qualitative evaluation. Finally, the most promising concept is sized for the given
tfopology. The results of this investigation highlight the importance of careful airinlet design to achieve
operability and acceptable performance with fuel cell powered aero engines. Performance and
sizing data gained from the analytical calculations can serve as a baseline for the preliminary design
of air supply systems for fuel cell powered aircraft.
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Performance data for different air inlet types and engine air protection systems are elaborated and
summarized in this work. The potential of the selected concept is analysed and challenges in the
design of an air inlet system for new engine topologies are identified, building the foundation of
further studies for fuel cell-powered aero engines.

Additionally, the process used in this work can be implemented for inlet systems designed for other
engine topologies. Thereby, this work assists the development of sustainable aircraft.

Sensitivity Analysis and Optimization of a Liquid Cooling Thermal Management System for
Hybrid Fuel Cell Aircraft

Valentine Habrard*, lon Hazyuk Jr., Valérie Pommier-Budinger, Joél Jézégou, Emmanuel Benard
*ISAE-SUPAERQ, France

In the context of climate change leading to a progressive increase in the study of decarbonizing
aircraft, hybrid electric powertrains have been generally sought out to be the first step in reaching
this objective. This type of powertrain results in its own thermal management challenges with an
increased number of electrical systems onboard. Integrating a thermal management system (TMS)
in an aircraft can significantly impact performance, as it may result in additional drag, mass and
even power consumption. To address the case of a hybrid fuel cell aircraft, a liquid cooling TMS has
been modeled and sized for a given case study. Due to the potential significance of the TMS on
aircraft design, a sensitivity analysis of the system can provide helpful information and improve design
choices. The proposed work includes two parts: performing a sensitivity analysis on the different TMS
model input parameters used to design them and, similarly, a study on the design variables,
constraints and objective function of the optimization methodology. The final objective is to facilitate
aircraft TMS design by having a better understanding of all the parameters impacting the TMS design,
which can be difficult due to the numerous couplings in the optimization process.

The first study aims o investigate how the TMS sizing differs with respect to specific input parameters
and/or model assumptions. A first analysis focuses on sizing the TMS subject to varying environmental
conditions. For example, three different scenarios can be explored: a standard day where the
ambient air temperature defined by the International Standard Atmosphere (ISA) at sea level is
T_ISA=15°C, a "hot day" where the ambient air temperature is T_hot=T_ISA+20°C, and lastly a "cold
day" where the ambient air temperature is T_cold=T_ISA-20°C. The liquid cooling system uses ambient
air to cool the coolant traveling through the circuit, therefore the "hot day" is expected to be the
most penalizing on the aircraft and the objective is to quantify this impact. In addition, the first fuel
cellmodeledis alow temperature proton exchange membrane fuel cells (LT-PEMFC) which operates
at a fuel cell stack temperature of around T_fc=60-80°C. Opting for a high temperature proton
exchange membrane fuel cells (HT-PEMFC) instead, which generally operates at around T_fc=120-
180°C, results in the need for a smaller TMS as it is easier to dissipate the fuel cell heat. Thus, the choice
of fuel cell and its effect on the TMS sizing can also be considered in aircraft design. Other proposed
TMS input parameters to study include the component efficiencies, such as the pump and
compressor, and choice of coolant.

The second study focuses on improving the opfimization methodology for sizing a TMS. An
optimization of the TMS can be performed with respect to different objective functions, such as
minimizing the mass or the drag, as well as can include other design variables and/or constraints.
Design variables can include the coolant mass flow in the pipes and/or even the ambient air mass
flow from cooling air inlets. They can also include a heat exchanger effectiveness or its number of
fransfer units. Similarly, these variables or other constraints can be defined to bound the optimization.
Furthermore, a Pareto front can be produced from a multi-objective optimization portraying the
trade-off between the design objectives. An example includes minimizing the drag vs. the mass of
the TMS. In the end, analyzing all of the proposed optimization parameters can, once again, facilitate

aircraft TMS design choices and lead to better optimization.
e — |
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PRELIMINARY SIZING WORKFLOW OF HYBRID ELECTRIC REGIONAL ARCHITECTURE WITH
FUEL CELL SYSTEM

V. Vercella®* R. Biga, C. Di Marino, S. Centomo, G. Nasi, V. Rossano
* Leonardo, Italy

The ambition to achieve climate neutrality in the EU by 2050 along with the intermediate target of
an at least 55% net reduction in greenhouse gas emissions by 2030 pushes all sectors, including
aviation, towards the implementation of technological solutions able to cut pollutant emissions while
guaranteeing expected revenues. In this context, the potential of systems electrification to turn the
aircraft info a climate-neutral system has been under extensive study in the European framework
since the Clean Sky Programmes and it is further explored within the on-going Clean Aviation
Programme. Considering a regional aircraft architecture, current research efforts are focused on the
establishment of a competitive hybrid electric configuration based on a Fuel Cell System (FCS) able
to exploit hydrogen stored as fuel in the tank, to produce electrical power by means of a chemical
reaction with the air and to convert it into mechanical power for propulsion. The FCS technology,
ensuring a positive impact on the carbon footprint and on NOx emissions by avoiding the combustion
of conventional hydrocarbon fuel, is nowadays at low Technology Readiness Level (TRL) for
aeronautical applications. Therefore, it is deemed fundamental to pursue a thorough study of such
a highly innovative and integrated system since the very beginning of preliminary design activities in
order to grasp potential challenges and criticalities in its future implementation.

At this purpose, the sizing of the FCS in ferms of mass and power budgets should be carried out by
considering it as part of a more complex design workflow involving linked aircraft components in
order to guarantee a FCS design optimized at aircraft level. Starting from this introduction, the full-
length paper will describe the workflow depicted in Figure 1 and suggested for the sizing of the FCS
and related components (i.e. Air Intake and Electric Motor) highlighting the variables used to
interconnect models. The rationale behind the introduction of the Converger element shown in
Figure 1 will be also elicited. In addition, a brief reference on the literature models used for the sizing
of each workflow element will be reported. Then, in order to test the overall workflow in a unique
environment and obtain an integrated sizing of the FCS system and related components, the
implementation in Remote Component Environment (RCE) software like that depicted in Figure 2 will
be discussed, stressing the importance of properly defining interfaces between models to enable the
workflow execution. The test of the selected design workflow in RCE will be based on input data for
a case study derived from Clean Sky 2 studies. Results from the workflow run will be graphically
depicted and discussed, providing an example of integrated design of FCS into a hybrid electric
regional platform. Eventually, main conclusions will be drawn and suggestions for future works will be
provided.

Preliminary design of a retrofitted ultralight aircraft with a modular fuel cell power system

Teresa Donateo, Antonio Ficarella*
* University of Salento, Italy

Emission-free aerial propulsion can be achieved with a proton-exchange membrane fuel cell (PEM-
FC). In the present investigation, this potential is addressed by designing a hybrid electric power
system with fuel cells for an ultralight aerial vehicle to be retrofitted from a conventional fossil-fueled
piston engine configuration The proposed fuel cell power system is designed in a modular way by
connecting low-power stacks in order to preserve the high-power density of air-cooled systems. The
power system includes as a secondary storage system a lithium battery that is connected to the fuel
cell with an active configuration, i.e., by means of DC/DC converters so to allow the implementation
and testing of different energy management strategies. A dynamic model has been developed to
analyze the dynamic behavior of the system according not only to the power and altitude profile of
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a typical mission but also to the usage of the battery in the different phases of the mission. The model
also considers hydrogen losses during the purge process to obtain an accurate evaluation of the
overall fuel consumption and fo size the hydrogen storage system accordingly. The model, required
for the preliminary design, is currently validated with literature data but a suitable test bench is also
under development.

Comparative Analysis of Integration Concepts for Hydrogen-based Electric Propulsion in
Regional Aircraft

Stefanie de Graaf, German Aerospace Center

Besides the advances of electric flight in urban air mobility and general aviation, electrified aero
engines are being investigated for commuter and regional as well as short- o medium-range aircraft
classes to meet the Flightpath 2050 and ATAG Waypoint 2050 goals. The development of enabling
technologies and the modification of existing technologies to the stringent requirements of aviation
is the key to enable electrified aero engines for commercial aviation. It is necessary fo maximise
power density, to increase reliability and to tailor technologies towards the environmental conditions
associated with the cruise altitude as well as hottest day and coldest day requirements. Furthermore,
an assessment on aircraft and propulsion system level is necessary to understand the full potential
and limitations of these technologies.

By introducing electrification to aviation, the design space for an aircraft is being opened up, giving
way to novel aircraft and propulsion system integration concepts, such as blended wing body and
box-wing aircraft as well as boundary-layer ingestion. The focus of this work is to evaluate the
potential and challenges of electric propulsion systems in the medium term and with that employing
more conventional aircraft designs. A hydrogen-based electrified regional aircraft conceptf,
H2Electra, is being introduced along with the process, which was developed for sizing both the
aircraft and the propulsion system. This iterative design process allows for a holistic approach to the
development of an aircraft, its electrified propulsion system as well as the components therein. Two
different integration concepts are being considered in the evaluation: one partially fuselage-
integrated and one nacelle-integrated propulsion system. For the former, all source-side components
are located in the rear of the fuselage and the electric power is distributed across three propulsion
units on each wing. In contrast the later concept constitutes of only one propulsion unit on each wing
and all components of the propulsion system are integrated into the nacelle. In both cases, a hybrid
of lithium-ion battery cells and hydrogen-based fuel cells is used as electric energy source. The
battery serves as boost during take-off and climb. A high-temperature polymer electrolyte
membrane fuel cell (HT-PEMFC) was chosen as fuel cell technology to be evaluated. Challenges
and frade-offs between the two concepts are being analysed and discussed here. Safety and
reliability are key design and decision-making metrics, alongside block-fuel efficiency and power
density. In particular, the design decision on a suitable bus voltage and its effect on the powertrain
sizing and integration are being evaluated in this study.

While the integration into a single nacelle will have advantages with regards to maintainability and
lead to a reduced number of components, safety measures associated with the leakage of
hydrogen become necessary in various zones of the aircraft. On the other hand, the partially
fuselage-integrated concept leads to an increase in challenges associated with electromagnetic
interference and fire hazards as well as challenges with timming and accessibility for maintenance.

Ventilation and Pressurization System for Next Generation Hybrid Electric Regional Aircraft

Pela Katsapoxaki*, Sahan Wasala, Werner Gumprich, Dominik Christ, Ruben Hernandez, El Hassan
Ridouane
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* Collins Aerospace, Ireland

The journey to a climate-neutral aviation system through the European Green Deal is ambitious and
a formidable opportunity for society and citizens. The answers proposed by Clean Aviation will
probably challenge all conventions and classical approaches in bringing forth a real transformation
leading to new propulsion solufions and sustainable vehicle configurations and operations. Thermal
management is one of the key challenges for the successful realization of the Hybrid Electric Regionall
Aircraft. Novel propulsion technologies, e.g., Fuel Cells or Electric propulsion, come with challenging
thermal management.

The Clean Aviation project TheMa4HERA “Thermal Management for Hybrid Electric Regional Aircraft”
aims to develop and mature the key technology bricks to enable efficient thermal management on
these new aircraft concepts for the drop-in as well as the non-drop-in solution, where the increasing
exploitation of electrical power will come with increasing number and entity of heat sources even
more widely distributed in the aircraft compartments. Collins Aerospace provides advanced Thermall
Management systems and services for commercial, regional, business aviation, military, and
government customers. In TheMa4HERA Collins Aerospace is leading the ventilation work package
focused on cabin pressure control and ventilation in unpressurized areas. Collins’ participation in the
project will further strengthen the position of its business units in cabin air distribution, efficient (less/no
bleed) and low-weight air distribution, cabin pressure control and electrically driven fans (e-fan).

Collins will present the work developed in the project related to the design and optimization of a
novel e-fan using state-of-the-art Computational Fluid Dynamics (CFD) and Computational
Aeroacoustics (CAA) modelling techniques. The end goal is to replace conventional bleed-air-driven
subsystems in terms of performance, efficiency, and volumetric flow while reducing their weight. This
e-fan is expected to be used for ventilation of unpressurized bay areas during ground operations,
take-off, and landing.

Reducing Environmental Impact of Jet Engines by Hydrogen Co-combustion

Radoslaw Przysowa*, Dariusz Grundas, Bartosz Gawron, Konrad Zielinski
* Instytut Techniczny Wojsk Lotniczych, Poland

Background:
Due to the need to mitigate global warming, there is a growing interest in alternative fuels for various
means of fransport, including aviation gas-turbine engines.

Goal:
The aim of the work was to check the impact of hydrogen co-combustion on the performance and
emissions of aircraft engines.

Methods:

Zero-dimensional models of JetCat P140 RXI and DGEN 380 engines developed in the GSP (Gas
turbine Simulation Program) program were used in the research. Combustion calculations in GSP are
based on the real gas model and NASA Chemical Equilibrium Applications (CEA) equations.

The performance of the engines fuelled by Jet A-1 and blends containing hydrogen or methane
were calculated. The simulations were performed at the design point on the ground, and then in
flight for selected altitudes and flight speeds.

Results

With an increase in the gas content in the mixture, the thrust and temperature behind the turbine
slightly increase, and the specific fuel consumption decreases, because hydrogen and methane
have a higher calorific value.
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Conclusions

The performance of JetCat and DGEN 380 engines was calculated for blends of kerosene with
methane or hydrogen. This knowledge will be used to convert these engines to gaseous fuels. In terms
of fuels and emissions, GSP has limitations related to the set of available chemicals and the zero-
dimensional model of the combustion chamber.

Flight Performance Analysis of Distributed Electric Propulsion Aircraft Based on
Experimental Data

Frieder Sattele*, Jonas Mangold, Andreas Strohmayer
* Institute of Aircraft Design (University of Stuttgart), Germany

Distributed electric propulsion (DEP) aircraft, featuring multiple electrically powered propulsion units
distributed along the wing span, have gained significant interest in recent years due to their potential
to improve aircraft performance, efficiency, noise and safety. While DEP has great potential, flight
characteristics and performance need to be thoroughly evaluated to assess its viability and
determine the optimal configuration for future transport aircraft. In the CS2-funded DISPROP project,
different configurations of DEP propulsion systems on a wing segment are being investigated in the
wind funnel to provide improved higher-fidelity models for the aerodynamic simulation of distributed
propulsion systems.

The presentation will give an overview of the impact of DEP on the overall aircraft level for different
configurations. The effects of DEP on aircraft performance will be investigated using a combined
approach, where data from DISPROP will be transferred to different DEP aircraft configurations and
integrated into the preliminary aircraft design tool SUAVE. In SUAVE, different DEP configurations
based on the high-fidelity data gained from DISPROP will be analyzed and their flight performances
will be compared with a conventional reference aircraft.

An experimental investigation on the propeller noise in propulsive and energy harvesting
configuration

PAOLO CANDELORO*, Edoardo Martellini, Robert Nederlof, Tomas Sinnige, Tiziano Pagliaroli
* Universita degli studi Niccolo Cusano, Italy

In this study, the noise emissions of an isolated propeller employed for the propulsion of an hybrid-
electric aircraft are investigated. The idea is to utilize the propeller for energy recovery during suitable
flight phases since it is important to characterize both the propulsive and the energy harvesting
configuration also from an aeroacoustic point-of-view. The tests were perfomed at the Low-
Turbulence Tunnel located at Delft University of Technology, using a powered propeller model and
a linear array of microphones mounted in the slipstream direction. Several advance ratios were
tested to characterize both the propulsive and energy harvesting configurations. For the sake of
brevity, only the most interesting results, pertaining to the most efficient cases among the different
configurations, are reported in this manuscript.

The results in the Fourier domain reveal a significant modification of the pressure fields. In the
propulsive regime, the most relevant noise source is related to tonal noise, whereas in the energy
harvesting cases, most of the energy is associated with broadband noise. This effect indicates a
energy transfer between the two components. These experimental findings raise questions regarding
the feasibility of studying the two configurations in the same manner. Therefore, a new analysis
strategy was defined, starting with a noise component decomposition algorithm and then using the
principles of wavelet and chaotic analysis. The decomposition algorithm is based on Proper
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Orthogonal Decomposition (POD) and allows the separation of the pressure time history intfo tfonall
and broadband components without evidence of phase shift or other mathematical artifacts
compared to the original signal. The different nature of the noise source in the different regimes is
confirmed by the analysis in the wavelet domain and also by the attractors in the pseudo-phase
space. In addition, the separation of noise components enables the definition of an appropriate
control strategy for each flight condition.

POWERTRAIN DESIGN FOR SMALL SCALE PARALLEL HYBRID-ELECTRIC TEST BENCH

Jamal Wilson, Dinis Salgado, Jay Matlock, Anna Mazur, Krzysztof towczycki, Patryk Widera, Kamil
Zawadzki*, Karol Lipka, Afzal Suleman
* University of Victoria Centre for Aerospace Research, Canada

Parallel hybrid-electric propulsion systems for small scale unmanned aerial systems (UAS) when tested
with an internal combustion engine are susceptible to damage due to increased torque compared
to all-electric configurations. The University of Victoria Centre for Aerospace Research has
conducted testing and identified several locations in the system for potential upgrades. One of the
largest issues identified was the electromagnetic clutch’s inability to handle the torque of the Corvid-
50 engine. Thus, a new clutch was specified which is rated for eight times more torque nominally and
weighs 1.5 kilograms (1.18 kilograms increase). The slippage point is identified for both the baseline
and upgraded clutch systems to experimentally evaluate the improved performance. The testing
includes procedures to quantify the static and dynamic torque limitations of the system. Similar
findings are reported based on testing campaign performed at t-Institute of Aviation, where on a
hybrid-electric powertrain stand, a high amplitude momentum peaks at ICE shaft were measured.
The momentum peaks max amplitude were several times higher than the nominal momentum of the
ICE, given in the spec sheefts. In result, at some working modes, a strong slippage of clutch has been
observed. The clutch slippage led to clutch overheating and burning in the most severe cases. In
order to confirm current findings, more precise instrumentation is to be used to better understand
nafure of the momentum pecaks, their influence to the powertrain system, and in result to clutch
slippage. It is also of highest importance to propose and test potential methods to minimize
momentum peak influence to the powertrain. The goal is to increase robustness of such hybrid
system, and decrease the overall mass of the system.

In addition, several other upgrades to the system are analyzed for their impact on system
performance and include reinforced wider belts, keyed shafts and pulleys, as well as aluminum
tensioners. The changes presented are shown to reduce issues such as shaft damage, belt wear, and
pulley slippage which will drastically improve the expected lifespan of the parallel HEPS. With these
upgrades the system should handle the additional power and ftorque spikes infroduced by the
infernal combustion engine, resulting in better data and characterization of the hybrid system.

DEVELOPMENT OF A SERIES HYBRID MULTIROTOR

Nicholas Castellani, Francisco Pedrosa, Jay Matlock, Anna Mazur, Krzysztof towczycki, Patryk
Widera, Kamil Zawadzki*, Karol Lipka, Afzal Suleman
* tukasiewicz Research Network — Institute of Aviation, Poland

Hybrid electric power is an appealing tfechnology for multirotor platforms due to their ability to
enhance the range of the vehicle while still providing low emissions and the precise thrust control
needed for stability. The development of a hybrid-electric propulsion system for a multirotor is an
essential step for CfAR as it will be the basis of research on this technology in flight. The designed
multirotor, MIMIQ (Modular Inertfia Matching Quadcopter), is a 30kg quadcopter with a motor-to-
motor diameter of 2.7m and requires a total of 3500W of power to hover. In this case, a large portion
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of that power metric is supplemented by the onboard hybrid generator. While this is at hover, peak
power consumption at a 2.05 thrust to weight ratio requires 10451W. In these moments of high power
demand, the batteries are able to provide quick bursts of power that the generator itself would not
be able to handle otherwise.

This multirotor is designed to accommodate a wide range of propulsion configurations to optimize
performance. In addition, the mechanical characteristics are also infended to be easily adjustable.
Parameters such as center of mass, inertia, and motor distance can be adjusted to mimic
characteristics of future flight vehicles that implement a hybrid system. Before hybrid integration,
ground tests were performed on various off-the-shelf hybrid generators in order to evaluate their
performance and reliability to ensure that it is possible to integrate them into the MIMIQ. To
characterize the different modes of operation, an extensive performance map was pursued. A
number of parameters were measured over time, the most important being load, power and fuel
consumption. As expected, when higher load power is desired, fuel consumption increases. It has
been proven that for low power, the generator provides power to the propulsions system while
charging the baftteries. However, for high power, both the generator and the battery pack need to
provide power. The tests demonstrated that the integration of the two propulsion systems into the
MIMIQ is possible. It was also verified that when the engines are integrated, both the generator and
batteries have to provide power simultaneously in all flight phases.

Battery-Electric Aircraft Flight Operations for Interisland Mobility

Asteris Apostolidis* S. Donckers, K.P. Stamoulis, A. Apostolidis
* KLM Royal Dutch Airlines, Netherlands

With the development of various new energy and propulsion technologies for aircraft, an industry-
wide disruption is currently taking place. Battery-electric aircraft are expected to play a role in this
fransformation for missions with specific operational and commercial profiles, mostly in the short haul
- small aircraft segment. Several studies have shown that such mission profiles can be encountered
in flights between the ABC-islands in the Dutch Caribbean, namely the islands of Aruba, Bonaire and
Curacao, where the first generation of electric aircraft will be able to provide the necessary
performance requirements. This paper discusses a real-world case study in this geographical area,
commissioned by Aruba Airport. The technical and operational characteristics of electric flying in the
area are investigated with the involvement of the local aviation authorities, airlines, airports and
energy providers.

The study starts with the identification and calculation of the specifications of two passenger electric
aircraft under development. Following, the current, conventional flight operations in the area are
analysed, with the objective to determine the related energy requirements in the case of a direct
replacement of the aircraft flying the current routes with battery-electric ones. Next to this, this study
yields results about the comparison between the two technologies in terms of energy costs, emissions
and payload. Since the local climate conditions (i.e., temperature, pressure, wind and salinity) affect
the aircraft performance and component life of any technology, these aspects are also
investigated. Last, operational deviations, safety, and local legislation for performing electric flight
operations are examined. Results show that with the current energy mix and prices on the region,
CO2 emissions per seat can be reduced by 98% on average and energy costs per seat by 21% on
average. Calculated flight times and payload values per passenger show that it is feasible the
proposed electric aircraft to replace the conventional aircraft and fit within current flight schedules.
In addifion, weather conditions in Aruba show possible technical points of aftention. For example,
humidity and salinity accelerate corrosion formation in electric motors and connectors. Batteries are
also very sensitive to environmental influences such as moisture and heat, so special
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recommendations for storage have been suggested when being out of operation, due to lack of
active cooling.
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A SENSITIVITY ANALYSIS ON THE RANGE EQUATION FOR HYBRID-ELECTRIC AIRCRAFT
Aman Batra, Robert Camilleri and Reiko Raute

As the world faces a climate crisis, there is an urgent need to reduce emissions. While aviation
contributes about 3% of the global emissions, only 10% of the global population has access to flight,
As the world economy continues to grow and more countries are pulled out of poverty, these too
would want to fravel. It is therefore important to drive aviation towards net zero if we still want to
continue enjoying a lifestyle that we are currently used to. Since a few decades, the European Union
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had a very ambitions strategy documented in Flightpath 2050 [1]. This aimed to achieve a sustainable
air travel while continuing to serve society’s demands. The strategy sets aggressive targets to reduce
in flight CO2 emissions by 70%, NOx emissions by ?20% and a reduction of noise when compared to
the year 2000 [1]. These goals are now being reinforced through the Green Deal which aims to shift
this sector to net zero emissions in the shortest fimeframe possible. To achieve this goal, several
solutions are being researched such as Electrified aircraft [2] and hydrogen-based aircraft [3].

Electric propulsion systems have its own advantages such as low emissions, less noise and augmented
efficiency. It has been found that battery energy density above 800 Wh/kg would be required to
sustain an Airbus A320 / Boeing 737 sized aircraft with 1,111 km range. With current state-of-the-art
batteries having energy density between 200 to 250 Wh/kg and its value doubling every 23 years [4],
it will take around five decades to achieve the electrification targets. Hence, in near future, electric
propulsion would not be able to achieve the same range and endurance as present aircrafts. On
the other hand, hydrogen powered aircraft sfill has many unanswered questions. While there is a
significant effort to address the challenges related to aircraft design, there are additional challenges
tfo develop the fuel infrastructure and provide the industry with a supply green hydrogen.

In the short-medium term, hybrid-electric propulsion systems may fill the gap. Hybrid-electric
propulsion combines conventional fuelled gas turbines with electric drives powered by battery
packs. Although hybrid-electric aircraft would sfill produce emissions during flight, these could be
effective in reducing emissions in sensitive areas such as during take-off and landing (i.e. near
airports) or when flying through saturated parts of the atmosphere to reduce the formation of
contrails. To achieve this, many aircraft design parameters need to be established. In our previous
work [5], we propose a new range equation for hybrid-electric equation. That paper revisits the
theory of range equation for a hybrid-electric aircraft with constant power split and proposes a new
definition to the degree of hybridization (). The new definition includes efficiencies of the electric or
fuel powered drivetrain which play a significant role on the range estimation of the hybrid-electric
aircraft.

This paper carries out a sensitivity analysis on the hybrid-electric range equation, showing the effects
of parameters such as lift to drag ratio, payload weight, energy consumption, efficiencies, energy
denisities, etc. on the aircraft range. The analysis would also depict the implications of the changed
of such parameters from an aircraft designer’s viewpoint, showing the modifications in the aircraft
design required in order to achieve the range of the current aircraft models.
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