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1 Introduction

This document serves as the Technical Report for Team 12, Fly-Mi EUROAVIA Milano, for the Air
Cargo Challenge of 2026 as a recap of the Heméra Project.
It is subdivided according to the indications in the rule book, while adding some chapters that reflect
the internal structure of our association.
An initial chapter focuses on the project management strategies followed throughout the project,
detailing the workflow strategies, the time schedule, and the internal role subdivision. It will also
detail the financial management of the project, including a full recount of our budget and expenses.
The second chapter touches briefly on the decisions and results obtained during the conceptual design
phase. It will include the general configuration chosen, the number of motors, and other considerations
that affected the design.
Next, there are four chapters in which each internal department recounts the work carried out during
the design phase.
The last chapter presents the outlook on the final design as the production phase begins, it also
includes a comprehensive recap of the aircraft’s main characteristics and performance.

2 Project Management

2.1 Team Organization

Fly-Mi EUROAVIA Milano is a student association of Politecnico di Milano, as such it has well defined
management structure.
At the top there is the President, who carries the responsibility for all the activities of the association
and is its legal representative.
Next there is the Vice-President, who assists the President directly and must be capable of taking up
that role in case of need.
Under the President and Vice-President there is the executive branch of the board, comprising the fol-
lowing roles: the Secretary, responsible for coordinating the associations activities and interfacing with
the university; the Treasurer, responsible for managing the associations budget; the Project Manager,
responsible for keeping the project going by coordinating the Business and Marketing department,
ensuring sufficient funds and material to build the aircraft; the CTO, responsible for coordinating
the work of the technical departments and taking responsibility for all technical decisions during the
project.
Finally we have the heads of the departments: Aerodynamics, B&M (Business and Marketing), Com-
munication, EPC (Electronics, Propulsion and Control), Flight Mechanics and Structures.
Aerodynamics is responsible for the aerodynamic design and analysis of the aircraft: they collab-
orate strongly with Flight Mechanics to provide aerodynamic data and with structures to provide
aerodynamic loads on the structure.
B&M is the department that provides the support for the whole project, both in terms of funds and
in terms of goods and services needed to design and produce the aircraft. B&M is managed directly
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by the Project Manager to ensure smooth operations, being such an essential department.
Communication gives the team visibility both inside the university to recruit new members and outside
to attract potential sponsors.
EPC is responsible for all matters regarding the design of the electrical system of the aircraft, control
systems (including automatic when permitted by regulations) and the choice of power plant to match
the requirements imposed by the aircrafts design.
Flight Mechanics is responsible for the sizing of the aircraft to ensure both performance and stability
during flight. They collaborate heavily with Aerodynamics, Structures for weight estimations and
EPC for thrust or power predictions.
Structures is responsible for the analysis of the loads on the aircraft as to guarantee structural in-
tegrity during flight, design of complex mechanisms, such as the landing gear, and the production
design of each component, including molds for composite lamination. They collaborate strongly with
Aerodynamics and Flight Mechanics to define the geometry of the aircraft with which they create the
CAD model for structural analysis.
The management structure is summed up in figure 1.

Figure 1: Organigram

2.2 Deadlines Organization and Workflow

The various deadlines and time spans for all the significant phases are summed up in the Project
GANTT chart.
The GANTT chart for this project was split into several sections: one main chart for global deadlines,
Figure 2, and smaller charts for each phase of design, specifying internal deadlines for different tasks
to better coordinate the interactions between departments.
As mentioned in the previous section, the nature of airplane design makes an iterative approach the
most efficient. During this project each iteration proceeded as follows.
Using the final weight and aerodynamic data from the each previous iteration, the Flight Mechanics
department runs a Sizing Matrix Plot script to redefine wing loading and power loading. MTOW
(Maximum Take Off Weight) sizing is also done to update payload prediction and finally the new
aircraft dimensions are computed through Matlab scripts and panel method analysis with Xflr5.
Next the Structures department updates the parametric CAD and runs FEM analysis to verify weight
predictions and if it is possible to increase payload mass fraction. Concurrently, Aerodynamics runs
analyses to choose new airfoils and optimum wing parameters such as twist and planform to achieve
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the aerodynamic performance required. Finally EPC determines new electronics mass based on the

power output required and chooses an appropriate propeller based on the thrust required.

During this whole process the departments are in constant communication with each other to make

sure that the are no con�icting results.

To manage these interactions weekly board meetings are held.

Additionally, interdepartmental meetings can be set up in order to make decisions that a�ect speci�c

departments.

Figure 2: GANTT chart for the project

2.3 Financial Budget and Resources

This section outlines the �nancial management of the project, including the allocation of funds for

components, manufacturing and competition logistics. All costs are managed to ensure the team meets

the participation requirements set by the organization.

Expense Breakdown The following table summarizes the estimated costs for building the aircraft

and participation in the Air Cargo Challenge 2026. Please note that the sequent costs are enough to

build two prototypes and keep enough spare parts.

Funding and Sponsorship The project is funded through a combination of university grants and

private sponsorships. Many materials are obtained through sponsorship, therefore their costs are not

presented since they were not sustained.

2.4 Design Sequence

Before the start of the design phase a conceptual design phase is conducted to make the initial decisions

which will guide the project from there on. These include the general con�guration of the aircraft,

constraints on the design and the design philosophy to follow during the design.

Starting from the competition regulation, these decisions are made following a mix of rules of thumb,

empirical data, both from literature and previous years, and low-to-mid �delity level models of the

aircraft for simulations.

Having completed this, the design phase begins. It is subdivided into several iterations: two pre-

liminary design iterations are conducted to re�ne the initial concept, providing better estimations of

weight and performance to inform the design changes in the next iteration. Finally, the detailed design

is produced with the de�nitive dimensions and weights for each component, and the moulds needed

for production are designed and ordered.

Fly-Mi EUROAVIA Milano 3



Technical Report

Item Description Cost ( ¿) Note
Registration Fees 150 per team member
Team Members (7 members) 1050.00 Includes pilot registration
Powertrain O�cial speci�ed components
T-MOTOR AT2814 900kv 199.60 Unmodi�ed as per rule Motor 2
Propellers and ESCs 356.09 Commercial o�-the-shelf
Batteries (Main and Avionics) 66.13 3S LiPo
Airframe & Manufacturing
Tail 112.50 Various woods and carbon �ber tubes
Landing gear 187.29 3D printing �laments, wheels, forged car-

bon �ber
Electronics & Radio
RC Receivers 86.57 2.4 GHz systems
Sensors 210.53 Air speed sensors, current and voltage sen-

sors
Flight controllers 394.60 Working with ArduPilot
Custom PCBs 600.00 Adapters and connectors, not yet �nalised
MKS HV6120, MKS HV70HServo motors 397.31 Servo motors
Logistics
Travel and Accommodation 799.00 Not yet �nalised
TOTAL 4459.62

Table 1: Estimated Aircraft Budget

The following step is the production phase, concluded by the �ight testing campaign, which is outside

the scope of this document.

3 Conceptual design

The conceptual design phase began when the competition regulations were released. It was immedi-

ately clear that the focus of the design should be high structural e�ciency and a focus on minimizing

drag at low angles of attack while maintaining good stability characteristics so that the pilot can focus

on following optimized trajectories.

To meet these requirements it was decided to pursue a traditional con�guration aircraft with a low

mounted wing, as this would allow to have a smaller and lighter landing gear without increasing the

size of the fuselage. It was decided early on to have a retractable main landing gear, in order to reduce

drag at high speed, and to have a small tail-mounted secondary landing gear, as it would be too heavy

to retract that as well.

Analyzing the propulsive data provided by the organizers it was decided to use two motors mounted

on the wings instead of one in the fuselage. The choice was based on three points: slightly higher

e�ciency and thrust, the possibility to use di�erential thrust to reduce the size of the rudder and

reduction of loads on the fuselage, concentrating them on the wings, since they are already reinforced

to deal with the landing gear.

Finally, the fuselage was required to have the smallest possible frontal area to reduce drag; it was also

required to have a fairly regular cross-section to make future lamination processes easier.

Before the preliminary design phase could begin, an initial MTOW and max speed needed to be deter-
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mined. The process to determine these quantities was preformed by the Flight Mechanics department

and is detailed in the following chapter.

4 Flight Mechanics design

4.1 Weight and payload optimization

To establish the initial design point for top speed and payload mass several di�erent types of analyses

where performed. One approach used an optimization code designed to maximize competition scoring

by simulating �ight events against randomly generated opposing teams with realistic performance

pro�les. By varying the drone's con�guration relative to the baseline, the program explored a range

of payload capacities and speeds, allowing for the selection of an optimal con�guration that balances

mission requirements against competitive constraints. Another used a program that took as an input

a top speed requirement, and using a Sizing Matrix Plot (SMP) computed the design point based

on some parameters such as aerodynamic and propeller choice, once the design Power Loading was

computed the program retieved the Maximum Take O� Mass (MTOM) from the motor power data

as the input top speed, assuming a 50% Payload Fraction based on previous design the score could be

computed and plotted with respect to top speed. This approach also allowed to conduct sensitivity

analyses by varying the input parameters.

In parallel, a global aircraft optimization program, previously developed by the team, was used. The

program utilizes a combination of Xfoil to calculate viscous e�ects and a simple panel method to

evaluate three-dimensional aerodynamic surfaces. Some of the constraints included into the optimiza-

tion program were a 15% static margin, high cruise speed and stall speed of around 10 m/s. The

polar curves and structural weight estimates calculated with the optimization program were then

incorporated into the code for score optimization.

Once MTOW and top speed were known, it was possible to compute the score following the competi-

tion's formula. The results showed that the optimum was an aircraft carrying about 4 cans and �ying

at about 30 m/s, as shown in �gure 3a. This was deemed a good starting point for the design, as it

would allow for corrections to be made as more precise data was made available while being a realistic

baseline.

Sensitivity analyses were performed to determine the most in�uential parameters of the aircraft. The

aspect ratio demonstrated a lower impact on the �nal competition score, �gure 3b, while zero-lift drag

CD 0 proved to be highly signi�cant, �gure 3c, validating the decision to prioritize drag reduction.

Furthermore, the maximum lift achieved with �aps was a critical factor, as it enabled a reduction in

the total wing area required to satisfy takeo� constraints.

Before starting with the preliminary design, the results were veri�ed by conducting low-�delity analyses

of the same con�guration with a variable number of cans (3 , 6 , 9) inXflr5 �nding coherent results

with those obtained previously.

Thus, the preliminary design phase began with a 4 can con�guration.
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(a) Score and MTOM vs Top Speed (b) Score vs Aspect Ratio

(c) Score vsCD 0

Figure 3: Results of initial weight estimation program

4.2 SMP and Wing Loading de�nition

Sizing Matrix Plot In order to verify that all performance requirements were satis�ed and opti-

mized, each design iteration went through a Sizing Matrix Plot, in which the mission-critical �gures

of merit were de�ned and plotted. Each point of such space is a feasible design option but the design

point is chosen maximizing one kind of performance accordingly to the mission requirements.

Figures of merit The analytical curves are derived by reformulating the governing �ight mechanics

equations so as to make the dependence on the two design variables explicit, while carefully identifying

and judiciously estimating the key governing parameters. The considered �gures of merit are:

ˆ Stall Speed , a 10 m/s stall speed was considered and a maximumCL obtained using past

year's project polars with high lift devices. This parameter ensured safety during landing and

low speed phases.

ˆ Cruise Speed , using a simple steady symmetric and horizontal �ight equilibrium condition an

initial target of 29 m/s was veri�ed using guessed polars, increasing up to 35 m/s. This consists

in of the key indicators of performance considering the goal of maximizing �ight speed during

the competition.

ˆ Take o� Distance , the ground run was simulated accounting for di�erent ground resistance

and lift o� speed, all while using a clean Polar with no �aps. Both the 40 m and the 60 m limit

were evaluated, as this also was a crucial performance.
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ˆ Rate of Climb and Angle of Climb , even if not pressing for the mission, a 2 m/s vertical

speed and 8� angle of climb were also considered to ensure a minimum conduct.

ˆ Maneuver , �nally a 1.5 longitudinal load factor maneuver was considered at 16 m/s to assess

recovery capabilities during terminal maneuvers.

Figure 4: Final Sizing Matrix Plot graph

The design region was de�ned by the Take-o� distance, the cruising speed and the stalling speed

curves, all crucial to the mission, and the choice of the design point was quite conservative in terms

of wing loadingas to maximize cruise e�ciency and maximize our speed. Combining the design point

wing loading with the optimal weight found in section one, the wing surface to start the next design

phase was found.

4.3 Wing con�guration

The process that led to the �nal wing con�guration consisted in a multi-disciplinary approach to the

problem, with close interactions between the aerodynamics and �ight mechanics points of view. In

the initial design phases, the team evaluated several con�gurations derived from the previous drone to

leverage existing technical expertise. While an elliptical wing was the �rst hypothesis, a parametric

study was conducted to analyze how variations in sweep angle, aspect ratio, and geometry a�ected

the lift-to-drag ( L=D ) ratio and stability. This analysis ultimately led to the selection of a trapezoidal

wing with a positive sweep angle. This topic will be discussed further in Section5.1.2.

4.4 Control Surfaces

After selecting the trapezoidal wing planform, the �ap con�guration was analyzed. Two con�gurations

were considered, visualized in �gure5.

In the �rst con�guration, the leading edge of the �ap is straight, while the �ap chord varies along the

span in order to maintain a constant percentage of the local wing chord at both the root and the tip.

In the second con�guration, the �ap has a constant chord and remains straight along the entire span.

For both cases the surface area is the same.
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Figure 5: The two �aps con�gurations taken into consideration

The constant-chord �ap con�guration was selected due to its simpler manufacturability. No signi�cant

performance di�erences were observed compared to the variable-chord con�guration.

The analysis was carried out usingXflr5 , considering di�erent �ap chord percentages of 20%, 25%,

and 30%. The objective was to achieve the required takeo� distance of less than 40 m. For each

con�guration, di�erent �ap de�ection angles were analyzed in order to identify the condition that

minimizes drag.

Based on this analysis, a �ap chord equal to 25% of the local wing chord was selected, as it provided

the most favorable balance between lift and drag during takeo� among the con�gurations considered.

This was veri�ed using the "Take-O� Estimation Function" reported in the next chapter.

4.5 Tail sizing, static stability and airfoil selection

4.5.1 Design Objectives and Core Trade-o�

The primary objective in tail sizing was to minimize the tail surface in order to reduce both aerody-

namic drag and structural weight. However, this introduces a critical trade-o�: a reduction in tail

area decreases the tail volume coe�cient, thereby lowering the stabilizing contribution of the tail and

shifting the neutral point forward.

The selection of a V-tail con�guration o�ers several aerodynamic and structural advantages. These

include lowering downwash e�ects, increasing e�ciency compared to traditional designs, and allowing

for shorter takeo� distances.

While the combined control surface of the ruddervator is a known drawback, it can be e�ectively

managed using a Stability Augmentation System (SAS) to reduce pilot workload. Through extensive

optimization, the V-tail provides adequate stability and controllability for dependable �ight perfor-

mance.

4.5.2 Design Solutions and Parameter Optimization

To compensate for the loss in stability associated with a smaller tail area, the tail e�ectiveness per

unit area had to be increased. This was managed through several geometric design choices:

Planform Optimization To maximize the tail lift-curve slope ( CL �;t ), the design prioritized a

high aspect ratio. To prevent �nite-wing e�ects from resulting in an excessively small tip chordwhich

would complicate manufacturing and risk premature tip stallthe aspect ratio, sweep, and taper were

jointly optimized. This approach ensured the tip chord remained large enough to maintain a Reynolds

number above100; 000, preserving both control authority and structural integrity.

Fly-Mi EUROAVIA Milano 8



Technical Report

V-tail Dihedral Angle The V-tail inclination was a key parameter used to balance pitch and yaw

authority. While a shallower angle increases the projected horizontal area and aerodynamic e�ective-

ness, it reduces yaw control and increases pitch-yaw coupling. The �nal dihedral angle represents a

compromise that ensures su�cient damping for coupled modes, such as Dutch roll, to guarantee stable

dynamic responses.

Tail Incidence Adjustment The tail incidence (i t ) was calibrated to achieve trim at the design

cruise condition, near a zero aircraft angle of attack. By adjusting the installation angle, the zero-lift

pitching moment (CM 0 ) was shifted to the target trim point without altering the aircraft's longitudinal

static stability ( CM � ). This allows for precise longitudinal trimming while avoiding excessive elevator

de�ections and unnecessary structural complexity.

4.5.3 Airfoil Selection, Final Tail Con�guration and Stability Margin

The �nal V-tail geometry features a high aspect ratio (5.96), a taper ratio of 0.80, and a dihedral angle

of 28� . This con�guration maximizes aerodynamic e�ectiveness while maintaining a mean aerodynamic

chord (0.12 m) large enough to mitigate low-Reynolds separation risks at the tips. Additionally, an

installation incidence of � 1:5� was set to precisely calibrate the longitudinal trim.

A symmetric airfoil (NACA 0012) was selected to eliminate any built-in pitching-moment bias. This

ensures highly linear aerodynamic behavior and a robust trim condition across the operating envelope,

perfectly aligning with the tail's primary role of providing stability rather than generating lift.

Finally, the aircraft's longitudinal static stability was veri�ed against its mass properties. The static

margin (SM), evaluated using the main wing's mean aerodynamic chord (�c), alongside the �nal geo-

metric parameters, is summarized in Table2.

Tail Geometric Parameters Aircraft Stability Parameters

True Span (bt ) 0:72 m Total Mass 5:145 kg

Projected Span 0:63 m Center of Gravity ( xCG ) 0:5138m

True Area (St ) 0:09 m2 Neutral Point ( xNP ) 0:559 m

Projected Area 0:08 m2 Wing MAC ( �c) 0:299 m

MAC 0:12 m Tail Volume Coe�cient ( Vt ) 0:257

Aspect Ratio 5:96 Static Margin (SM) 15:12%

Taper Ratio 0:80

Sweep (Root-Tip) 7:00�

Table 2: Final V-tail geometric data and aircraft longitudinal stability margins.

The use of a negatively cambered airfoil was initially considered. A cambered section can shift the

lift curve, theoretically allowing the required tail force to be obtained at a smaller reference area.

However, this e�ect mainly corresponds to a vertical translation of the CL -� relationship, rather than

a substantial increase in the lift-curve slope.

Therefore, while camber may be bene�cial for trim, it does not fundamentally replace the stabiliz-

ing e�ect associated with a higher tail volume coe�cient and a larger e�ective tail lift-curve slope.

Reducing tail surface solely through camber would still lead to a reduction in static margin.
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4.5.4 Stability Analysis

The team focused on longitudinal static stability as a critical design factor. Dynamic stability analysis

was conducted usingXFLR5 , with damping ratios and natural frequencies evaluated against theMIL-

F-8785C standards and the numbers were deemed satisfactory.

The following table summarizes the stability characteristics of the aircraft:

Parameters Short Period Phugoid Roll Subsidence Dutch Roll Spiral

Frequency [Hz] 4.02668 0.0529476 - 1.26331 -
� (Damping) 0.617286 0.00226792 - 0.0994738 -
Time to double [s] - - 0.0106671 - 51.7309
� (Time Const) - - 0.0153894 - -

Table 3: Dynamic Stability Parameters

4.6 Performance Analysis

4.6.1 Take-O� Estimation Function

This section outlines the Matlab -based numerical model developed to estimate the takeo� ground

roll distance for the prototype. The tool evaluates the dynamic takeo� phase by integrating the

aircraft's equations of motion, accounting for non-linear thrust pro�les, ground friction, and the speci�c

aerodynamic con�guration of the airframe. The initial phase of the algorithm de�nes the physical

boundaries of the simulation by loading and processing the inertial and aerodynamic data.

Aerodynamic Data The baseline aerodynamic polar is imported fromXflr5 . The function then

accounts for both the central fuselage interference and the parasitic drag of the landing gear.

Ground Roll Physical Model The simulation relies on solving the longitudinal equilibrium of the

aircraft. During the ground roll, the instantaneous acceleration a is driven by four primary forces:

a(V ) =
T(V ) � D (V ) � � � [W � L (V )]

m
(1)

where T(V ) is the velocity-dependent thrust (interpolated from experimental propeller data), D (V )

and L(V ) are the aerodynamic drag and lift, W is the total weight, and � is the rolling friction

coe�cient.

This formulation accurately captures the dynamic nature of the takeo�: as velocity increases, the

generated lift progressively unloads the landing gear, reducing the friction penalty, while the available

thrust simultaneously varies.

4.6.2 Penaud Function

The aircraft mass and aerodynamic con�guration is de�ned in a similar fashion to the Take o� esti-

mation function, while thrust data for various valid propeller candidates is considered. The core of

the analysis is the construction of the Pénaud diagram, as we can compare the drag of the veicle and

the thrust of each propeller as functions of speed.

Function output For each propeller con�guration, the following quantities are obtained:
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ˆ The cruise speed (T = D)

ˆ The correspondingcruise CL

The design cruise speed is chosen as the maximum value among all analysed propeller con�gurations.

Figure 6: Final con�guration Penaud diagram.

5 Aerodynamic design

The Aerodynamics Department concentrated on the design of the wing, the re�nement of the fuselage

shape, and development of aerodynamic features to enhance the aircrafts overall performance. The

team aimed to achieve optimal e�ciency across a wide range of operating conditions, while placing

particular emphasis on the integration of aerodynamic components, ensuring that each element did

not compromise structural stability and remained feasible to manufacture.

5.1 Wing design

The conceptual design converged on a low wing with a retractable landing gear. This solution al-

lowed to signi�cantly reduce the airplane's drag. The low wing con�guration was chosen mainly for

structural reason and because it gave the possibility to store the landing gear in the wing volume. To

accommodate the landing gear within the wing, a thickness of approximately 40 mm was required in

the �rst 300 mm of the span. Beyond this region, the minimum thickness was signi�cantly reduced,

constrained by the space needed for the servos and the challenges associated with laminating thinner

sections. This resulted in a wing composed of two distinct airfoils, each independently optimized with

di�erent minimum thickness requirements, and connected by a transition region where the pro�les are

smoothly blended through linear interpolation.

5.1.1 Airfoils

Airfoil database search The airfoil selection process began by �ltering the UIUC database based

on thickness, maximum e�ciency, CL max , and CL 0, using requirements provided by the Flight Me-

chanics Department. Matlab scripts developed during previous projects, coupled withXfoil , were

used to compute polars for approximately 1650 pro�les. Due to inconsistencies in airfoil discretization,
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convergence issues arose, which were resolved by integratingXfoil 's GDES and MDES tools to re�ne

panel density and smooth irregularities. The root airfoils required an additional �at-bottom constraint

to accommodate the landing gear, addressed using a linear regression-based �lter. All routines were

later consolidated into a single script, with modular activation options. The process ultimately iden-

ti�ed 34 suitable tip pro�les and 11 root pro�les, from which the most promising candidates were

selected for further optimization.

Airfoil optimization Among the selected airfoils, all root candidates and 13 tip pro�les were

further optimized, while others were discarded due to insu�cient e�ciency, low CL max , or CL 0 values

far from targets. To meet the overall aircraft requirement of CL 0 = 0 :172, the airfoil target was

set higher at 0.27 to account for 3D and tail losses. The primary objective of the optimization

was to minimize drag and maximize top speed, while still achieving a highCL max for short takeo�

performance. Xoptfoil2 , a particle swarm-based optimizer, was used by de�ning target points on the

polar curve and iteratively deforming airfoils via bump functions, with dynamic weighting ensuring

balanced performance across conditions. The optimization prioritized low drag at low angles of attack

while maintaining lift performance with and without �aps, though improvements were generally more

pronounced at low angles of attack. Due to the stochastic nature of the method, each pro�le was

optimized multiple times to avoid local minima.

Airfoil selection After the optimization phase, the team selected the most promising airfoils by

evaluating how well they matched the target aerodynamic requirements, their ability to provide min-

imum drag at 0� angle of attack, and their stall characteristics. While thinner airfoils are generally

more e�cient for the competition �ight regime ( Re � 500k, M < 0:1), extremely thin pro�les were

deliberately avoided due to manufacturing constraints and the need for a more robust leading edge.

This led to the adoption of minimum thickness constraints of 8.5% and 11.8% of the chord length

for the tip and the root respectively. Following internal comparisons and departmental review, the

optimized versions of the Clark YM-15 and the SD2083 were selected respectively for the root and for

the tip. Their performance is shown in Figure 7a and Figure 7b respectively.

(a) Root airfoil (b) Tip airfoil

Figure 7: Analysis of the performance of both the root and the tip airfoil
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5.1.2 3D wing de�nition

The 3D wing design was carried out with a �xed wing surface area, speci�ed by the Flight Mechanics

Department as 0:652 m2. The Aerodynamics Department was responsible for de�ning the optimal

wing planform, as well as designing an e�ective twist distribution and a smooth airfoil transition

along the span.

Twist distribution The di�erence in performance of the two selected airfoil, particularly regarding

a critical mismatch in CL 0, resulted in an uneven lift distribution along the span when the �rst

3D wing con�gurations were analyzed, deviating signi�cantly from the desired elliptical distribution

that minimizes induced drag. To address this discrepancy, a script that automatically calledAthena

Vortex Lattice (AVL) to perform aerodynamic computations was developed to adjust the wing twist

distribution to better approximate an elliptical lift distribution. The script generated and analyzed

multiple con�gurations, varying both tip twist values and the overall twist law. The twist angle is

de�ned as the rotation of the airfoil about the control surface hinge line on the upper surface. Three

twist distributions were implemented: linear, piecewise linear, and quadratic. The linear and piecewise

linear cases followed prede�ned segment-based laws, while the quadratic formulation provided a smooth

continuous variation along the span. For each con�guration, the script automatically computed the

corresponding aerodynamic coe�cients and e�ciency metrics, enabling a consistent and automated

comparison of di�erent twist strategies across the design space.

Airfoil transition In parallel to the twist distribution study, di�erent airfoil transition con�gura-

tions were analyzed to identify an optimal setup. The investigation varied both the transition length

and the vertical alignment of the airfoils, while maintaining a linear interpolation for manufacturing

simplicity. The results showed that shorter transition lengths generally improve aerodynamic e�-

ciency, whereas extending the transition beyond approximately 15 cm leads to noticeable performance

losses. The vertical step alignment was found to have a negligible impact on overall aerodynamic

performance within the limits of the simulation tools used. Con�gurations where the transition ex-

tends to the wingtip performed signi�cantly worse than those with shorter transitions, indicating that

full-span transitions are not favorable for e�ciency.

Wing planform By varying the key design parameters, a series of wing con�gurations were gen-

erated with both trapezoidal and semi-elliptical planforms, while keeping the root section straight

to accommodate the landing gear and motor mounts. All con�gurations were analyzed inXflr5 .

It was observed that the trapezoidal planform generally outperformed the semi-elliptical one when

paired with an appropriate twist distribution that better approximates an ideal lift distribution. This

advantage was linked to the higher e�ective aspect ratio achievable under the same area constraint.

The results were shared with the Flight Mechanics Department and used in the third and �nal sizing

iteration. After receiving the �nal data, further analyses were performed on both planforms with

di�erent twist distributions to meet CL 0 requirements while minimizing drag. The study con�rmed

the superiority of the trapezoidal con�guration, with the best-performing twist distribution closely

resembling an elliptical lift distribution.
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The �nal wing geometry, shown in Figure 8, was selected based on the best overall performance among

all feasible con�gurations. A preliminary wing polar calculated with Xflr5 is shown in Figure 9a

whereas the twist distribution computed with the above mentioned script can be seen in Figure9b.

Figure 8: Technical drawing of the �nal wing planform

(a) Wing polar computed with Xflr5 (b) Twist distribution along the span

Figure 9: Final 3D wing con�guration data

5.2 Fuselage aerodynamic design

A preliminary aerodynamic assessment of the fuselage was conducted through CFD simulations per-

formed in OpenFOAM13 with the objective of identifying con�gurations that minimize drag. The

analysis focused on the nose and tail cone regions, given their dominant role in governing the external

�ow development and overall pressure drag contribution.

The study was conducted using a parametric approach, in which multiple fuselage geometries were

generated and evaluated. The parameters varied included the vertical alignment of major components

and the geometry of the fairings, i.e., the smooth transitional surfaces between intersecting parts. This
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methodology allowed for a systematic evaluation of the impact of geometric continuity and alignment

on aerodynamic performance, emphasizing the importance of smooth transitions in mitigating local

�ow separation and reducing drag.

Nose The nose geometry was analyzed for its e�ect on �ow acceleration and boundary layer stability,

as a well-contoured shape reduces adverse pressure gradients and pressure drag. Although the most

aerodynamically e�cient con�guration was identi�ed, it was not selected due to structural and man-

ufacturing drawbacks, particularly the need for additional fairing that would increase material usage

and weight. Instead, a slightly less e�cient geometry with vertical alignment along the upper fuselage

was chosen, as it provides a more balanced compromise between aerodynamic performance, structural

feasibility, and manufacturing practicality, resulting in a more e�ective overall design (Figure 10a).

Tail cone The tail cone was analyzed for its in�uence on �ow deceleration and pressure recovery, as

an e�cient design promotes gradual pressure increase, maintains attached �ow along the aft fuselage,

and reduces wake size. The selected geometry features a tail cone aligned with the central axis and

a smoothly extending fairing up to the tail hub, ensuring geometric continuity between the fuselage

and empennage (Figure10b). This con�guration enables a smooth �ow transition in the rear section,

supporting stable pressure recovery and reducing the risk of premature separation. The extended

fairing also minimizes abrupt changes in cross-sectional area and curvature, which can otherwise

induce �ow disturbances and increase drag, while reducing interference e�ects between fuselage and

tail components for a cleaner wake and improved aerodynamic e�ciency. At the same time, the

design satis�es structural and manufacturing constraints by avoiding excessive material usage while

still delivering strong aerodynamic performance.

(a) Nose (b) Tail cone

Figure 10: Pressure over the surface

Final con�guration The �nal con�guration is the one shown in Figure 11. It represents the out-

come of the design process, balancing aerodynamic e�ciency with structural and manufacturing con-

straints. The selected geometry ensures smooth �ow development along the fuselage, with particular

attention given to the continuity between the nose, main body, and tail cone.

The aerodynamic performance of the selected con�guration is summarized by the parameters reported

in Table 4. Among all the con�gurations analyzed, it achieved the highest lift coe�cient and lift-to-

drag ratio, while ranking second in terms of drag coe�cient. The di�erence in drag compared to
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the best-performing case was minimal, amounting to an increase of only 0.06% with respect to the

reference value. It should be noted that these values were obtained without including the tail, as its

design was being carried out concurrently.

Figure 11: Pressure over the entire fuselage surface

CD CL CL =CD

0.003462 0.020258 5.85153

Table 4: Aerodynamic coe�cients of the fuselage

5.3 Polar diagrams

To gain a clear understanding of the drone's capabilities, CFD simulations were used to analyze both

individual points of the �ight envelope and to obtain the polar of the aircraft in cruise con�guration,

considering the landing gear retracted: a speed of 30 m/s was selected (lower than the maximum

cruise speed, to gain a more realistic understanding of the drone's behaviour) over a range of angles

of attack from � 4� to +10 � .

Setup of the Analysis As for the fuselage shape optimisation analysis, OpenFOAM 13 was used

to obtain the polar. A steady RANS simulation was set up, employing thek� ! SST turbulence model.

The mesh was the result of a mesh convergence study, which yielded an average of7:5 � 106 cells,

su�cient to accurately predict the target CL and CD values while keeping the computational cost low

enough to run the simulations without the need for HPC resources. To reduce computational time,

only half of the aircraft was simulated, exploiting the geometric symmetry about the fuselage plane.

Proper resolution of the boundary layer was crucial for accurate drag prediction; therefore, the mesh

was re�ned to ensure a dimensionless wall distancey+ < 1 almost everywhere, with a few isolated

points below 5, ful�lling the requirements of the chosen turbulence model.

CFD results The results obtained from the CFD analysis were interpolated with a spline in order

to model the aircraft behaviour in the remaining angles of attack. The polars of the whole aircraft (see

Figures 12a and 12b) were consistent with the target performance. The polar curve shows that the

�ight envelope spans a wide range of angles of attack, ensuring operational �exibility across various

�ight conditions.

Moreover, a dedicated cruise analysis of the drone, performed both with and without the landing gear,

demonstrated the bene�t of the retractable system in reducing parasitic drag. At the design cruise
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(a) CL -CD curve of the drone at V = 30 m/s (b) CL -� curve at V = 30 m/s

Figure 12: Curves obtained through CFD simulations of the drone

condition (V = 35 m/s, � = � 1:32� ), retracting the landing gear reduces the drag coe�cient from

CD = 0 :02172to CD = 0 :01871, corresponding to a reduction of approximately13:9%.

6 Structural design

The structural design process was primarily driven by the regulatory constraints imposed by the com-

petition rules, alongside the technical speci�cations and requirements arising from interactions with

other departments. The primary objective was to minimize operational weight while simultaneously

maximizing performance in terms of sti�ness and strength, maintaining a strict focus on Design for

Manufacturing (DFM) and assembly feasibility. Throughout the entire project development cycle, the

department managed multiple activities: CAD geometric modeling using (SolidWorks ), Finite El-

ement Method (FEM) analysis (Abaqus ), lamination engineering and material selection (Laminate

Tools ), kinematic synthesis of moving parts, as well as direct supervision and participation in the

manufacturing and assembly phases.

6.1 Wing

The wing architecture was divided into three main sections: a central segment (root) and two lateral

semi-wings (tips). This con�guration was adopted to optimize the aircraft's structural continuity,

although it represented a stricter constraint for complying with the dimensional limits imposed by the

competition bounding box. The mechanical coupling between the sections is ensured by a carbon �ber

tubular spar tasked with transferring bending loads, �anked by an anti-rotation pin to constrain the

torsional degree of freedom, and a winglock system to inhibit the lateral translation of the tips with

respect to the root. The wing extremities are completed by the installation of wingtips, also secured

via winglocks.
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6.1.1 Structures design

From a structural standpoint, housing the retractable landing gear within the root and installing the

propulsion units on its extrados required a meticulous analysis of the stress-strain response of this

section, which is the most highly stressed area of the aircraft. Similarly, the wingfuselage structural

joint required careful design and was resolved through the integration of metal inserts during the

lamination process. Both the root and the tips are a laminate monocoque featuring an internal

architecture based on a few ribs, having the dual function of preserving the aerodynamic pro�le and

distributing local loads. Speci�cally, three ribs were placed at each interface where the tubular spar

passes (root-tip) and one at the tip-winglet interface. A full-span spar ensures the absorption of

bending stresses. The ribs were made of sandwich panels composed of Carbon Fabric (CF) and a

Nomex honeycomb core, while a Rohacell IG-F core was adopted for the spar (Figure13).

6.1.2 Lamination and Manufacturing

The manufacturing philosophy is based on a monocoque structure, allowing the stressed skin to sub-

stantially contribute to absorbing structural loads and reducing overall mass. The entire skin was

produced using a� 45� CF / Rohacell / � 45� CF lamination sequence, with the addition of local

CF reinforcing plies positioned along the load paths identi�ed through FEM analysis. For engine

mounting, a dedicated motor-mount was developed, aerodynamically blended with the upper surface

of the root and designed to ensure adequate accessibility volume for maintenance.

The implementation of the retractable landing gear required speci�c internal volumes to house both

the kinematics and the main strut. Finally, the movable control surfaces are also laminated in sandwich

composite (� 45� CF / Rohacell / � 45� CF). For their manufacturing, the extrados and intrados were

laminated separately to allow the structural insertion of 6 internal ribs, which were then glued and

hinged to the wing using an elastomer strip co-laminated directly inside the wing.

Figure 13: Internal structure Figure 14: transition

6.2 Fuselage

The fuselage is designed in two main modules: the main body and the tail boom (Figure15). This

modularity ensures manufacturing ease, component interchangeability for maintenance, and, crucially,

compliance with the volumetric limits of the transport box. The fuselage design was entirely driven

by the goal of containing the payload; therefore, the structure was sized with tight tolerances around

the cans' dimensions. This approach allowed the internal infrastructure to be used not only to provide

global sti�ness but also as direct payload support, drastically optimizing the weight balance. The
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framework consists of 8 bulkheads and 2 longitudinal stringers made of sandwich (Figure16).

The main body is a monocoque featuring a removable upper capote, designed for payload loading/un-

loading operations, and a dedicated compartment near the nose for the receiver box, an area that

centralizes most of the avionics. The wing-fuselage structural joint employs a coupling via six inserts.

In the same area, there is an opening to house the PCB dedicated to interfacing the fuselage and

wing electronic systems. The rear portion of the main body integrates additional holes and inserts

for structural coupling with the tail boom. The tail tube has a conical geometry and ends at the rear

with the support hub for the empennage. From a lamination perspective, the fuselage also shares the

standard � 45� CF / Rohacell / � 45� CF lay-up, with targeted overlaps and reinforcement bands at

maximum stress concentration points, sized using the FEM solver.

Figure 15: Fuselage
Figure 16: Cargo bay

6.3 Landing Gear

Aiming for technical innovation within the team, it was decided to develop a retractable main gear.

Designing the main gear represented a signi�cant engineering challenge, requiring the creation of ded-

icated know-how within the team. Sizing began with benchmarking technical literature and analyzing

existing retractable systems in the RC domain. The priority was synthesizing a robust and reliable

kinematic mechanism: the iterative process involved 2D kinematic simulations (usingMotionGen

software), solid modeling (SolidWorks ), and physical validation via rapid prototyping (3D printing),

until a �nal layout capable of withstanding touchdown loads was achieved.

6.3.1 Manufacturing

A fundamental design constraint was the drastic reduction of mass, ensuring that the aerodynamic

bene�ts in terms of drag reduction were not negated by the mechanism's weight penalty. Consid-

ering the extreme geometric complexity of the components, traditional manufacturing methods were

inadequate. Therefore, an advanced manufacturing technology was implemented and tested: Forged

Carbon. This solution allowed for maintaining extremely low speci�c weights (about half that of

aluminum alloys) while ensuring high geometrical �exibility. To validate the process parameters and

obtain the material's mechanical data, two test specimens were created (one with a simple matrix and

one reinforced with long �bers) and subsequently subjected to tensile testing to extract the reference

elastic modulus and ultimate tensile strengths, yielding an elastic modulus of 45 GPa with an ultimate

stress of 180 MPa for the unreinforced specimen, and an elastic modulus of 66 GPa with an ultimate

stress of 300 MPa for the reinforced one. For lightweighting purposes, the gear's support ribs also

underwent topological optimization (Figure 17).
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6.3.2 Geometry and Kinematics

The �nal kinematic mechanism consists of a crank system with connecting rods actuated by a servo

(Figure 18). The servo was mechanically decoupled from the primary load paths to prevent impact

failure. During development, the system's packaging within the wing root required multiple iterations

to limit the required thickness, a critical factor for aerodynamic airfoil e�ciency. By modifying the

kinematics, the thickness envelope was reduced from 37 mm to the current 28 mm, providing the

Aerodynamics Department with a greater operational margin on the root pro�le. To ensure the

strut extended forward with the correct taxi angle, increasing the contact area, the entire kinematic

block was pre-tilted within the wing box. The optimal pre-installation angle was calculated using an

ad-hoc Matlab script which, based on desired inputs (e.g., longitudinal wheel projection), outputs

the exact inclination required for positioning. The landing gear strut has a ground clearance of 160

mm, calculated to ensure adequate propeller clearance (about 40 mm with the aircraft parallel to the

ground). The main wheel has a diameter of 60 mm, identi�ed as the optimal trade-o� between the

need to reduce stowage volume, ensure good rolling on asphalt, and provide a su�cient contact patch

to dissipate the kinetic energy of landing.

Figure 17: topology optimization
Figure 18: landing gear

6.4 Tail

Following comparative studies conducted on various empennage types, the �nal selection fell on a V-

tail con�guration. This architecture ensures greater manufacturing ease by leveraging the geometric

symmetry, and o�ers superior structural robustness. The tail planes are joined to the fuselage via

the tail hub, which houses the carbon spar and interfaces with the ribs tasked with absorbing and

redistributing aerodynamic loads.

Various technologies were evaluated for manufacturing the empennage (carbon �ber laminates, 3D

printing, balsa wood). Given the relatively modest aerodynamic stresses acting on the tail surfaces,

the balsa wood structure proved to be the best compromise between absolute lightness and mechanical

strength. Structurally, the assembly consists of a mix of 1 mm balsa and 3mm linden ribs, 1.5mm balsa

wood skin forming a forward D-box and 2mm balsa strips forming the spar. This frame is covered

with Oracover Ultralight �lm (areal density 36 kg=m3).

Fly-Mi EUROAVIA Milano 20



Technical Report

Figure 19: tail con�guration

6.5 FEM Analysis

In order to identify the optimum between maximizing structural performance and minimizing weight,

an extensive FEM simulation campaign was conducted in Abaqus environment. To capture the true

stress distribution during operation we opted to model the entire aircraft assembly (Full Model Anal-

ysis). The mechanical complexity was managed by structuring a rigorous "interface tree," utilizing

couplings, tie constraints, and rigid bodies to accurately replicate the physical boundary conditions.

All simulation sub-steps involved activating geometric non-linearity (NLGEOM), a fundamental re-

quirement to account for stress sti�ening and second-order e�ects related to the large displacements of

thin structures. Mesh was performed using quadratic formulation quadrilateral shell elements (S4R).

The tessellation followed Structured logic for more regular domains and Free logic for complex geome-

tries, imposing a nominal global seed size of 2. The most closely monitored output variables were the

global displacement �eld and the speci�c failure criteria for orthotropic composite materials, Tsai-Wu

and Tsai-Hill criteria applied to carbon �ber (Figure 20). Load cases simulated operational and ex-

treme conditions: static load tests, V-n gust and maneuver diagrams, takeo� dynamics, and landing

dynamics. For structural safety, margins were sized by imposing a Safety Factor (SF) of 1.5 (to absorb

uncertainties in manufacturing processes and lamination defects) added to an operational Load Factor

of 4 g, to preserve the elastic limit during any extreme maneuvers (Figure21). Compressive/shear

buckling simulations for the panels were also performed, utilizing the Linear Buckling step provided

by the solver.

Figure 20: Deformation in static-test Figure 21: Tsai-Wu with maximum load

6.6 Lamination and Materials

Adopting carbon �ber as the primary structural material required an advanced study on the stacking

sequence (lay-up) of laminates integrated with foam cores. This optimization was conducted using

Laminate Tools software, which, operating synergistically with Abaqus , allowed quantifying inter-
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