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Abstract

The innovation in term of zero emission flight, lead to the necessity of develop non-
standard aircraft designs, the objective of this thesis is the definition of a highly auto-
mated methodology to develop and size, in a mid-fidelity approach, the wing and fuselage
airframe for one of this innovative commuter. A fully automated procedure for GFEM
analysis is developed and used, first of all, for the definition of the airframe architecture
in terms of structural elements dimensions, spacing and materials, secondly for the load
application and then analysis for both static and buckling conditions are considered. The
tool developed allow to test and model many different airframe solutions, very useful for
non-standard commercial aircraft, for which previous experience in standard commuter
may not be applicable, in a very short time. This work is completed with the testing of
this methodology for the structural sizing of Unifierl9, for which the preliminary airframe
design have been conduced, in particular the airframe constraint for this innovative air-
craft are highlighted and defined. A full understanding of these constraints is achieved by
considering the interference with all the subsystem presents, in particular for the landing
gears, for which a kinematic study on the retraction system is proposed. The outcome of
this thesis is the definition of a proven automated procedure for the airframe model cre-
ation and analysis and a mass estimation for Unifierl9 which will be the base for proper

optimization process in the following project steps.

Keywords: Unifierl9, GFEM parametric deisgn, structrual sizing, preliminary design



////M//////////é N 1 \\\\\\\ / \m\\ %
2N /// \ 117717/ s
//// N\ //// ////::_:::\\\ //) \\\ \\\\
NN 779477770770 00 /2 2
NN N e otrts
oty HH1100177 070070 2 2
SO 77752777777 000 2 2 2 2 27
J ///// /// N //// ////N///////////é __ ________,5\ I \\\\\\\ \\w\\ \\\\\\\\\\\\\\ =
~ 3N M s
N T e
—— f ot
—— = R
- ““\\\\\\\\\\\\\\\\\\m\\\w\w\\ 77 /////////////,/////////////// //// ///UU/
N RN R
1 NN
5577 NN
2 T I A O O



Abstract in lingua italiana

L’innovazione tecnologica in termini di voli a impatto zero sta portando alla necessita
di sviluppare velivoli con una configurazione non ordinaria, 1’obiettivo di questa tesi € lo
sviluppo di una metodologia totalmente automatizzara per lo sviluppo e il dimensiona-
mento, in un approccio a media fedelta, la struttura alare e della fusoliera per un velivolo
di trasporto a corto-medio raggio appartenente a questa categoria. Una procedura GFEM
¢ stata sviluppata prima di tutto per la definizione generale dell’architettura, in partico-
lare, caratterizzando ogni elemento strutturale in termini di dimensione, spaziatura e
materiale; la successiva applicazione del carico permette I’esecuzione delle analisi statiche
e di instabilita. Questo strumento permette di testare in maniera veloce diverse config-
urazioni strutturali, necessario per uno sviluppo ottimale di un velivolo innovativo per
il quale 'esperienza in aerei convenzionali pud non essere applicabile. Questo lavoro &
completato con il test di questa metodologia per il progetto preliminare di Unifierl9, nel
quale si sono considerati con attenzione i vincoli generati da questa innovativa configu-
razione. La comprensione di requisiti € ottenuta considerando l'interazione tra gli elementi
strutturali e i sottosistemi del velivolo, in particolare condierando il carrello, per il quale
si propone un meccanismo cinematico per la retrazione. Il risultato di questo studio é,
insieme alla verifica della metodologia utilizzata, la definzione del progetto strutturale
preliminare per Unifierl9 che si prevede essere la base da utilizzare in processi di ottimiz-

zazione da sviluppare nelle prossime fasi del progetto.

Parole chiave: Unifierl9, modelleazione parametrica GFEM, dimensionamento strut-

truale, progettazione preliminare
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Introduction

In the recent years the constant rise in climate temperature and the worsening of environ-
mental conditions generate the necessity to go beyond a zero impact in terms of emission
produced by human activities, the aerospace industry is going towards this challenge by
the development of new technologies that have the objective of going towards a more
sustainable flight. These technologies, even if in the recent years have made huge steps
forward, are still not ready to be used in big intercontinental airliners embedded in CS-25
regulations, but may be applicable to smaller aircraft in line within CS-23. In this appli-
cation many investment are made in particular by the European Union which with the

project CleanSky2 is pushing the development of near-zero emissions commuter.

Unifierl9 is part of this project which is in development by Pipistrel Vertical Solutions,
Politecnico di Milano, Universidad Carlos 111 de Madrid and Technische Universiteit
Delft. Intense analysis and concept development by the partners involved are producing an
innovative configuration miniliner with near-zero emission capabilities. The non-standard
configuration on Unifierl9 is evident both from an aesthetic point of view, both from a
technological and engineering side. The most clear innovation is visible in the engines:
instead of a classical twin engine configuration, common in aircraft currently in service,
the main engine is a pushing propeller located in the back of the plane. Innovation
from an aerodynamic and propulsive point of view are the six smaller engines located
in each wing, this Distributed Electric Propellers (DEP) consent the capability of high-

performance maneuvering condition and short take-off and landing. These technologies
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(c) (d)

are used to accomplish Uni erl19 requirements in terms of take-o and landing run length,
consenting its operation in hundreds of airdrome across EU, even in unpaved runways.

The near-zero emission capability is achieved by the use of a new power source based on
the use of batteries and fuel cells running using liquid hydrogen. Therefore the engineering
challenge to include these system in aircraft is non-trivial being those big element located
inside the fuselage.

This research, mainly conduced itJniversidad Carlos Il de Madrid, set itself the objec-
tive of de ne and propose a feasible airframe con guration to be implemented in Uni er19.
In particular big e ort will be put in understanding which are the constraints and condi-
tion that the innovative concept of this aircraft will impose in the structural development,
both from a technical point of view and from a comfort and safety issue. This work have
been conducted in strong collaboration and under review éfipistrel Vertical Solution
that set the milestone and the constraint that the project have to satisfy from top level
requirement and from design and aesthetic appearance of the nal product by ensuring
the cooperation between the development of each subsystem.
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