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Abstract

A mid-fidelity aerodynamic model is adopted for the assessment of the preliminary design
of a fixed-wing eVTOL UAV operating in the Martian atmosphere. The present work
targets the design of specific rotors and the evaluation of the UAV performance during
hover, transition, and cruise phases, with a thorough examination of the aerodynamic
loads. The propulsive system has been optimized to meet the operational requirements of
a 20 kg drone capable of traveling up to 70 km on Mars. Additionally, the stability of the
drone has been assessed, as well as the potential impact of aeroelastic phenomena on the
wing structure in Martian atmospheric conditions. The results indicate that developing
a drone for operations on Mars represents a significant challenge, particularly regarding
batteries and structural materials. Nevertheless, this goal is achievable in the coming
decades with continuous technological advancements. The development of such drones
is essential for the success of future exploratory missions, opening new opportunities for

scientific breakthroughs.
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Abstract in lingua italiana

Questa tesi si colloca nel contesto del crescente interesse verso l'esplorazione di Marte,
proponendo un approccio a media fedelta per il design preliminare di un eVTOL UAV
ad ala fissa, progettato per operare nell’atmosfera marziana. Continuando il lavoro di
due tesi precedenti, sono stati progettati rotori specifici e analizzate le fasi di hover, tran-
sizione e crociera, accompagnate da un’analisi approfondita dei carichi aerodinamici. E
stata necessaria 1’ottimizzazione del sistema propulsivo per soddisfare i requisiti operativi
di un drone del peso di circa 20 kg, capace di coprire distanze fino a 70 km su Marte.
Successivamente, é stata valutata la stabilita del drone e 'impatto di possibili fenomeni
aeroelastici sulla struttura dell’ala in condizioni atmosferiche marziane. I risultati ottenuti
evidenziano che lo sviluppo di un drone per 'operativita su Marte rappresenta una sfida
significativa, richiedendo I’adozione di batterie e materiali all’avanguardia. Tuttavia, con i
continui progressi tecnologici, questo obiettivo appare sempre pitl realizzabile nei prossimi
decenni. La costruzione di tali droni ¢ essenziale per il successo delle future missioni es-

plorative, aprendo nuove opportunita per scoperte scientifiche rilevanti.

Parole chiave: Marte, atmosfera marziana, eVTOL, UAV
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1 ‘ Introduction

Back in 1971, NASA started the Mars Exploration Program with the Mars Mariner Mis-
sions and is currently active with the Mars 2020: Perseverance Rover Mission. This last
mission seeks signs of ancient life on Mars and hopes to take several samples of rocks and
terrain back to Earth. The peculiarity of the Perseverance Rover Mission is the employ-
ment of the rst rotorcraft ever used on Mars and out of the Terrestrial atmosphere, In-
genuity (Figure 1.1), to explore surrounding areas. The helicopter successfully performed
72 ights in 3 years, for about 128 minutes and 11 miles, exceeding all expectations [20].

Figure 1.1: Ingenuity Mars Helicopter [20]

Ingenuity UAV consists of two contra-rotating rotors of approximately 1.2 m diameter,
which provide vertical and horizontal thrust, a solar panel to recharge the battery pack,
sensors and cameras stored inside a cubic fuselage, and four legs. According to NASA, the
state-of-the-art technology was used to minimize the overall mass (1.8 kg) and dimensions,
leading to a production cost of about 81 million dollars. 2.7 billion dollars is instead the
estimated cost of the entire mission [20].



2 1| Introduction

1.1. Martian environment

Figure 1.2: Mars

1.1.1. General overview

Mars, often referred to as the "Red Planet" due to the vast amount of ferric oxide dust
on its surface, is the fourth planet from the Sun, located at an average distance of 228
million km, and the second smallest planet of the entire Solar System. With a diameter
of approximately 6,779 km, it is about half the size of the Earth.

Its orbital period is approximately 687 Earth days, nearly twice as long as a year on Earth,
while a Martian day lasts 24.6 hours. The axial tilt is about 25.2 similar to Earth's 23.5

tilt, giving it seasonal changes similar to those on Earth, although Martian seasons last
nearly twice as long due to its extended year.

Mars has two natural moons called Phobos and Deimos. Both have irregular shapes,
resembling other asteroids in the Solar System. Phobos, the largest one, measures about
22 km at its widest point and orbits Mars at a very close distance of approximately 6,000
km in 7 hours and 39 minutes. Deimos has an average diameter of about 12 km and orbits
Mars at 23,500 km in approximately 30 hours.

The Red Planet is classi ed as a terrestrial planet primarily composed of silicate, rocks,
and metals. Like Earth, Mars' internal structure is divided into layers. The outermost
layer, the crust, is, on average, 42-56 km thick, with a minimum of 6 km in the plain
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