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1 Introduction

This report presents the work of RhinoJet, EUROAVIA Lyon’s technical team founded in April 2025.
EUROAVIA Lyon was created in 2023 to promote aerospace on the INSA Lyon campus, in France. To
take part in the Air Cargo Challenge 2026 (ACC2026), a large recruitment campaign was conducted. This
led to the formation of a technical team of 36 mechanical and electrical engineering students, about 15 of
whom were actively working on the project.

As aerospace engineering is not taught at INSA Lyon, this competition represented an unprecedented
challenge. Despite having no prior experience or knowledge, we still aimed to become the first French team
to take part in the Air Cargo Challenge, and rank among the best teams.

This report presents all the design and manufacturing steps followed to develop the final aircraft. As
part of this work, two aircraft fully compliant with the regulations were built by our team. These aircraft
are referred to as Version 1 (Genesis) and Version 2. Throughout this project, the learning experience was
tremendous, and many students are eager to attend ACC2026 and continue the adventure beyond.

2 Requirements & Specifications

2.1 Key Specifications

The ACC2026 is a design–build–fly competition in which teams must develop a radio-controlled aircraft
optimized for payload transport. The objective is to carry as many 0.33 L cans as possible within 2 minutes.
Each flight round consists of a 60 s climb phase, a 120 s cruise phase, and a safe landing. Here are the
main constraints identified from the regulations [2]:

Aircraft

• Maximum take-off mass: 25 kg

• Fixed-wing configuration only

• Electric propulsion: 1 or 2 × T-MOTOR AT2814 900KV

• Transport constraint: L + W + H ≤ 1500 mm

• Line-of-sight piloting, no First Person View (FPV)

• Maximum takeoff distance: 60 m

Power system

• Maximum current: 30 A (penalties if ex-
ceeded)

• Battery limited to 3S (12.6 V max)

• Free choice of propeller and ESC

Payload

• Standard 0.33 L cans (350 g each)

• Fully enclosed, fixed, and separated

• Minimum capacity: 2 cans

• Aircraft must remain stable for all loading
cases (static margin between 5% and 50%)
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2.2 Scoring and Validation

2.2 Scoring and Validation

The final score mainly combines flight performance over multiple rounds, the technical report, and
drawings. The flight round score depends on the payload mass and the distance covered:

Sround, team, raw = Btake-off ·mpayload · L2
distance (1− Pround, current)

where

• Btake-off is the take-off bonus factor. It is equal to 1.15 if the aircraft takes off in less than 40 m, and
1.0 otherwise.

• Pround, current is the penalty factor applied in case of overcurrent during the flight.

Before flying, the aircraft must pass a technical inspection and a structural load test.

3 Compliance Matrix

In order to demonstrate full compliance with ACC2026 requirements, a compliance matrix is provided
in the following section. This matrix maps each regulation to its associated design choice, allowing a direct
verification of the aircraft’s conformity.

Requirement Rule limit RhinoJet value

Maximum takeoff mass 25 kg 7.067 kg

Transport box L+W +H ≤ 1500 mm 1500 (907+333+260) mm

Current limit 30 A before penalty 2x15A

Battery voltage 3S, 12.6 V max 2x1300 mAh Lipo 3s

Motors 1 or 2 AT2814 900KV 2 motors

Payload capacity Minimum 2 cans 10 cans max

Static margin 5% to 50% 6.74%

Takeoff distance 60 m max Approximately 20 m

Table 1: Requirements compliance table

A second table is provided to compare the first prototype Genesis, with the final competition aircraft,
highlighting the key design differences between the two versions.

Parameter Genesis (V1) ACC aircraft (V2)

Motors 1 2

Wingspan 1.95 m 3.33 m

Payload 2 cans 10 max / 7 selected

Dry mass 2.7 kg 3.5 kg

Tail type V-tail V-tail

Purpose Learning prototype Competition aircraft

Table 2: Genesis versus ACC aircraft comparison table
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4 Project Management

4.1 Team Structure

In May 2025, Flymi / EUROAVIA Milano hosted a “how to start a technical team” presentation, which
helped us build the foundation of our technical team. Using the knowledge they shared and our own
judgment, the team was structured as follows:

Figure 1: EUROAVIA Lyon team structure

The Business Team was in charge of finding sponsors, as well as organizing industry visits. The Blimp
Workshop team organized a one-day event at INSA Lyon, where participants had to design and build a
small blimp made from a balloon inflated with helium. Finally, the Air Cargo Challenge team was divided
into three sub-teams. One team was dedicated to design and simulation in order to iterate quickly on design
optimization. The second team was responsible for manufacturing the aircraft, while the third team was
in charge of the setup and integration of the avionics. Test flights were carried out by the most motivated
members from each team, as well as those who will participate in ACC2026.

4.2 Time Schedule

Even though the ACC26 regulations were published in August, preparation for the competition started
in April to handle the significant challenge of creating and structuring a technical team from scratch:

Figure 2: ACC project timeline
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4.3 Sponsors

From April to June 2025, the team built 3D-printed RC models and laminated a fiberglass wing section
to gain experience in aeromodelling, while gradually expanding. During the summer break of 2025, the
focus was placed on finding a workshop for manufacturing and securing sponsors to make the project
financially viable, while designing the version 1 (V1) aircraft. Finally, in September, the academic year
started, which helped accelerate the project and welcome new members.

During the project, minor delays were encountered in the manufacturing of the V1 due to some design
issues, which led to the first flight occurring one month later than expected. However, these delays were
recovered during the manufacturing of version 2 (V2), as the team had gained experience. The maiden
flight of V2 will therefore take place on schedule and will allow more than 1.5 months for flight testing and
optimization of the aircraft operating conditions.

4.3 Sponsors

In order to carry out this project, it was clear that sponsors were needed to reduce costs. Therefore,
sponsor research was conducted during the summer of 2025 in order to establish partnerships with local
and international companies. This effort paid off, as we managed to secure 10 new industrial sponsorships,
a few academic partnerships, while also maintaining existing ones.

Figure 3: EUROAVIA Lyon’s industrial and academic sponsors

The relationship with these companies or labs is mainly based on the donation of supplies, ranging from
a few hundred euros to 2500 euros per company. In exchange, we offered them visibility among engineering
students and showcased their products and use cases on our social media.

4.4 Finances

Based on the initially selected manufacturing techniques and insights from ACC2022 and ACC2024
reports, the total project cost was estimated at e8,500 during the previous summer.

Categories Estimated Cost (e) Scope

Aircraft materials (ACC + V1) 1700 Composites, wood, structure

Electronics & Power Systems 500 Batteries, avionics, ESC

Manufacturing & Consumables 300 Resin, filament, tooling

Workshop & Equipment 2500 Tools, fabrication setup

Logistics & Competition 3500 Travel, fees, transport

Total Estimated Budget 8500

Table 3: ACC initial budget

This initial estimate turned out to be significantly lower than the actual project cost. In fact, industrial
sponsor materials, along with unexpected university and industrial funding, enabled improvements in
manufacturing techniques and materials, leading to better overall performance. Moreover, this additional
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funding allowed the team to conduct propeller testing and build a twin-motor DC-3 model to train the
pilot, both of which were not initially planned. The final budget is as follows:

Composite & Structural Materials Expense

Carbon fiber & reinforcements 4 000.00 e

3D printing filament & molds 1 200.00 e

Wood, foam, miscellaneous 841.31 e

Subtotal 6 041.31 e

Electronics & Power Systems Expense

Batteries & power systems 1 100.00 e

Avionics & control electronics 1 116.21 e

Subtotal 2 216.21 e

Consumables / Production Expense

Consumables (resin, glue, hardware) 2 406.96 e

Workshop equipment 2 931.54 e

Subtotal 5 338.50 e

Projects and Logistics Expense

DC-3 demonstrator project 1 300.00 e

Travel & competition costs 3 050.00 e

Subtotal 4 350.00 e

Funding and Subsidies Income

Safran sponsorship 2 500.00 e

Institutional funding (INSA, etc.) 2 000.00 e

Ton Lubrecht Contribution 2 300.00 e

Regional funding 2 650.00 e

Member contributions 2 000.00 e

Total Cash Funding 11 450.00 e

Summary

Total expenses 17 946.02 e

Cash funding 11 450.00 e

Technical partners (in-kind) 6 769.89 e

Remaining funds 273.87 e

Table 4: ACC Project budget breakdown

Now, let us move on to Genesis, our first aircraft designed and built in-house. Although this aircraft
will not compete in the ACC, it is fully compliant with the regulations. It was developed to gain experience
in composite manufacturing and aircraft design.

5 Genesis: EUROAVIA Lyon’s First Ever Plane

Based on previous ACC team experience and results [1, 8, 9] , it was observed that novice teams strug-
gle to perform due to a lack of experience in aircraft design and manufacturing. To mitigate this factor,
Genesis was designed during the summer of 2025 based on ACC24 regulations and adapted as soon as the
new regulations were released. This single-motor aircraft has a wingspan of 1.95 m, is able to transport 2
cans, and fully complies with the regulations. Its dry mass is 2.7 kg.

This design is deliberately very simple, as its goal was to validate the optimization algorithm, the
understanding of aircraft stability, and the manufacturing techniques. This section is intentionally brief
and provides context for the ACC aircraft that was subsequently designed and built.

5.1 Aircraft Design

The design process of this aircraft was simple yet effective. The airfoil was selected using a Python-
based optimization (see Section 7.2). Based on the optimization script, the configuration that appeared
most suitable for the ACC at the time was chosen. The initial design featured:

• A V-tail, to reduce structural mass and improve aerodynamic efficiency

• A single motor, as the regulations had not yet been published

• A minimal cargo bay, to prioritize aerodynamic efficiency and design a lightweight aircraft

Then, multiple iterations over several configurations were conducted, focusing on a design that was
both efficient and manufacturable with the available tools (3D printing, laser cutting, and manual tools).
The final geometry features a tapered wing without dihedral, simplifying manufacturing.
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5.2 Manufacturing

At this stage, the team was operating with very limited resources. No dedicated workshop was available,
and early composite tests were carried out in a student dorm. Despite these constraints, the design
converged toward a simple and coherent configuration.

The concept was then reviewed by experienced aeromodelling hobbyists. Following this feedback, the
aircraft was slightly refined and the cargo bay was redesigned to properly integrate the cans. This led to
the final Computer Aided Design (CAD) configuration presented below.

Figure 4: Genesis final CAD design

Creating the aircraft CAD model was critical, both to secure funding from sponsors and to better
understand the complexity of the design phase. It also marked the transition from conceptual design to
manufacturing, where numerous unexpected challenges were encountered.

5.2 Manufacturing

To manufacture the aircraft, 3D-printed molds made of Polyethylene Terephthalate Glycol (PETG)
were used, onto which a silicone release film was applied in order to allow easy demolding and improve
the surface finish. This process was simple, cost-effective, and efficient for producing parts quickly. The
aircraft was manufactured using two plies of 200 g/m2 carbon fiber, without any core material. The skins
were then bonded to the internal structure using a structural adhesive.

Figure 5: Genesis skins and internal structure

During the manufacturing process, some issues were encountered, such as low-infill molds cracking
under vacuum and surface finish defects related to the silicone release film, which caused visible wrinkles
on the carbon skins. Although the results were not perfect, the production team gained valuable experience
working with composites and prepared for the next aircraft. These challenges provided a solid foundation
in manufacturing techniques for the ACC aircraft currently being built.
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5.3 Test Flights

5.3 Test Flights

On March 1st 2026, Genesis flew for the first time. This maiden flight was a great success for the team,
as it enabled the validation of the design hypotheses and decisions, as well as the manufacturing techniques
and materials. Further test flights were conducted in the following weeks, allowing validation of the flap
efficiency and the aircraft’s ability to carry the required payload.

Figure 6: Genesis on the landing strip asphalt and during flight

5.4 Lessons Learned from Genesis

Designing, building, and assembling the aircraft provided valuable experience. Overall, working on this
aircraft allowed further improvement and a better understanding of the following aspects:

• Improvement of the optimization algorithm used for the competition aircraft

• Better understanding of stability derivatives

• Mold improvements to ensure better surface finish and easier trimming

• Improvements in internal structure assembly design to allow better alignment during bonding

• Many minor design issues were identified and discussed with the design team, leading to improved
performance on the final ACC aircraft

The following sections describe the testing campaign, design methodology, and manufacturing process
of the aircraft to be presented at ACC26.

6 Testing Campaign

6.1 Number of Motors Selection

This year, propeller thrust and current measurements were provided by the competition organizer.
However, for the long-term development of EUROAVIA Lyon, it was decided to further develop our own
propeller test stand for future competitions. As the stand had not yet been built at the beginning of the
design process, data from the ACC26 Test Handbook [3] and from previous reports [1] were first post-
processed in order to determine the best option between one and two-motor configurations, as well as
choose the optimal propeller dimensions. The ranking was then validated through our own testing.

In the provided dataset, the diameters and pitches ranged between 10 and 18 inches, and 6 and 13
inches respectively. Moreover, these propellers were tested with maximum input currents of 15 A and 30
A to simulate two-motor and single-motor configurations. The post-processed propeller measurements are
presented in the chart below:
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6.2 Propeller Testing and Selection

Figure 7: Propeller data for the 3 optimal configurations under 2×15 A and single 30 A conditions

From this chart, the three best propeller curves can be identified for both single-motor (30 A) and
twin-motor (2×15 A) configurations. The curves show a significant advantage to using two motors, as all
2×15 A configurations exhibit thrust curves that exceed those of the single-motor configuration at any
given airspeed.

6.2 Propeller Testing and Selection

To determine the most efficient propeller, a range of propeller dimensions from different manufacturers
was tested using a test rig placed in a wind tunnel. Compared to the Test Handbook [3], only non-folding
propellers were considered, as the design team had decided to mount the motors on the wings when the test
rig was built (see Section 7.3). Flight speeds ranged from 0 to 30m/s, with a 15A current limit to simulate
the twin-motor configuration. The motor was mounted on a mock wing section to replicate realistic flow
conditions.

Figure 8: Wind tunnel testing setup

The measured quantities were thrust, current draw, airspeed, and the PWM signal sent to the ESC.
Cross-validation with manufacturer data confirmed the reliability of the setup (Fig. 8). All candidate
propellers were tested and pre-filtered, removing those with low thrust at low speed or early thrust reversal.
The remaining candidates are compared alongside the theoretical aircraft drag curve (Fig. 9).
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6.3 Tensile Tests of Composites

Figure 9: Thrust vs. airspeed for the shortlisted propellers

The 12×6E showed inconsistent behavior above 20m/s and was discarded. Consequently, the 14×8
and 12×8 propellers were found to be the most suitable, as suggested by the test handbook, although in
a different order. Therefore, both propellers will be tested during flight tests, and the one that achieves
the best performance will be selected.

6.3 Tensile Tests of Composites

In order to quantify the mechanical properties achievable with our manufacturing techniques, tensile
tests were conducted. The specimens were made of carbon and glass fiber composites, as well as 3mm PVC
core material, and were manufactured using hand lay-up. From these tests, the ultimate tensile strength,
Young’s modulus, density, and thickness were obtained for multiple composite layups. Each specimen was
produced multiple times to assess the variability of the mechanical properties.

Figure 10: Tensile testing

The following mechanical properties were obtained and used as input data for the FEM analyses
conducted during structural sizing.

Layup (g/m2) Ult. Strength (MPa) Young’s Mod. (GPa) Density (kg/m3)
200 – 200 497.98 13.21 1214.30
50 – PVC – 50 6.67 0.24 168.00
50 – Tow – PVC – Tow – 50 51.91 5.44 195.00
90 – PVC – 25 14.88 1.48 181.50
200 – PVC – 25 38.20 2.42 325.80

Table 5: Mechanical properties of tested specimens
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6.4 Mold Tests

During the tests, delamination and poor bonding with the PVC core were observed, particularly with
low-grammage fibers. Following these tests, several manufacturing trials were conducted to address this
issue. A solution was identified by slightly increasing the resin content and using a perforated release film
between the carbon fiber layup and the peel ply. After these tensile tests, the following conclusions were
drawn:

• The manufacturing techniques are repeatable and precise, with less than 5% variation in properties.

• Skin-stress design should not rely on PVC sandwich layups. Therefore, alternative solutions should
be used for structural components such as the wing and the fuselage.

6.4 Mold Tests

6.4.1 Mold Surface Finish Tests

Using 3D-printed molds was simple and convenient compared to machined molds. However, this resulted
in molds with a poor surface finish. As the mold surface quality directly impacts the final parts, a solution
was required to improve it. The following tests were conducted:

Method Time Cost Results

Gap filling + Sanding Quickest: ready in 2–3 h e
2/5: layer lines visible,

rough surface

Resin gelcoat + Sanding 24 h curing before sanding ee
4/5: great finish, slight

geometry loss
Gap filling + Primer +

Sanding
All steps in 2 days eee 5/5: smooth, no layer lines

Table 6: Comparison of mold finishing methods

As shown, the methods are not equivalent. The third option was selected as it provided the best results.
The following images show this process applied to one wing section:

(a) Mold sections assembly (b) Gap filling with putty (c) Primer finish and sanding

Figure 11: Mold preparation steps

6.4.2 Mold Release Agent Testing

In section 5.2, it was shown that using a silicone release film was not a suitable solution for mold
release. It quickly became clear that additional testing was required to ensure reliable demolding from the
3D-printed molds. Therefore, the following release strategies were evaluated:

• PVA

• Two layers of wax

• Wax + PVA
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The results showed that using PVA alone slightly degraded the surface finish. Wax provided better
performance, both in terms of ease of release and surface quality. The combination of wax and PVA did
not provide any additional benefits compared to wax alone.

Based on these results, PVA was discarded and Wax was selected as the sole release agent for subsequent
manufacturing.

7 Aircraft Optimization and Design

7.1 Design Philosophy

Based on ACC22 and ACC24 best designs and because of our lack of experience, the decision was
made to focus on designing a conventional aircraft (no flying wing, canard configuration, etc.). This choice
was also motivated by the fact that non-conventional designs often score poorly in the competition and
are difficult to fly. Subsequently, every part was designed to be manufactured in-house using the available
processes (3D printing, hand lay-up, laser cutting, and manual tools). This approach enabled rapid response
to manufacturing issues as they arose.

The strategy this year was to adopt an underdog approach and to aim for a high ranking. To achieve
this, rapid iteration was carried out by developing Genesis, as previously discussed, and by adopting a bold
design philosophy for the V2.

7.2 Aircraft Optimization Algorithm

The design process started with an analytical approach in order to determine the aircraft configuration
that maximized the score. An optimization algorithm was developed in Python, enabling the determination
of the following optimal parameters:

• Geometry: wingspan, wing surface, airfoil, root and tip chord, aspect ratio

• Performance: cruise and stall speeds, cruise angle, estimated takeoff distance

• Mass properties: wing loading, payload, aircraft mass

• Structural constraints: estimated stress during static testing

In order to determine these parameters, the following algorithm was used:

Figure 12: Optimization simulation loop

1. Choose an airfoil with its coefficients (Cd, Cl)

2. Define the wing chords and wingspan

3. Select a payload mass and estimate the aircraft
weight and takeoff speed

4. Compute the takeoff distance, and assign a bonus

5. Compute the cruise speed and the distance cov-
ered in 2 min

6. Evaluate the scoring function

7. Iterate over all configurations, and save the one
with the best scoring
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7.3 Motor Placement Selection

The algorithm was evaluated over a wide parameter space, including 1272 airfoils, a span ranging
from 1.8 m to 3.8 m, a chord from 0.2 m to 0.4 m, a taper ratio from 0.3 to 0.8, and a payload mass
from 2 to 25 cans. These ranges were defined based on a preliminary study of the aircraft storage layout
inside the transport box, as well as previous ACC competitions. The algorithm yielded the following results:

Parameter Symbol Value Unit

Angle of incidence (wing) α 0.5 deg

Wingspan b 3.2 m

Root chord cr 0.3 m

Taper ratio λ 0.65 –

Tip chord ct 0.195 m

Wing surface area S 0.792 m2

Aspect ratio AR 12.93 –

Mean aerodynamic chord c̄ 0.251 m

Oswald efficiency factor e 0.8 –

Wing loading W/S 7.90 kg/m2

2D lift coefficient (α = 0.5◦) Cl,2D 0.3129 –

2D drag coefficient (α = 0.5◦) Cd,2D 0.00841 –

Airfoil – NACA 2209 –

Bending stress (static test) σflex 208.38 MPa

Estimated takeoff distance sTO 18 m

Table 7: Optimized wing parameters

7.3 Motor Placement Selection

As the twin-engine configuration was found to be the most efficient solution (see Section 6.1), the motor
placement had to be determined. Three main configurations were investigated:

Figure 13: Twin-engine configurations

The twin-engine pusher configuration was discarded due to insufficient ground clearance during takeoff,
as well as concerns regarding the static margin. The twin-engine push–pull configuration was not selected,
as the airflow reaching the second propeller would be disturbed, reducing its efficiency. Therefore, a con-
ventional twin-engine configuration was chosen.

To limit potential yawing moments caused by asymmetric thrust, the motors were mounted as close as
possible to the center of gravity, while maintaining sufficient clearance between the 14×8 propeller and the
fuselage.
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7.4 Wing Design

7.4 Wing Design

The main wing characteristics were obtained using the optimization algorithm described above. This
resulted in a tapered wing with a wingspan of 3.2 m, a root chord of 0.3 m, and a NACA 2209 airfoil.

Figure 14: Optimized wing parameters

The wing planform was further optimized, and an elliptical planform was computed based on the
tapered wing in order to reduce induced drag. The ellipse equations were centered around the 1

4 chord,
as this is the thickest section of the wing and therefore where the aerodynamic loads are greatest. The
elliptical curves were computed using the following formula:

c(y) = c0i

√
1−

(
2y

b

)2

(1)

where c0i denotes either
1
4 of the root chord for the leading edge or 3

4 for the trailing edge, and b is the
wingspan.

Figure 15: Final wing shape

The optimization also included reducing the risk of stalling by implementing a twist angle of 2◦. Al-
though this twist is usually difficult to manufacture, the use of 3D printing made it possible to produce
molds with a twisted parting plane.

Moreover, lateral stability was improved compared to the Genesis aircraft by adding a dihedral angle of
5◦ on the outer wing sections. As a retractable landing gear was initially considered for the inner sections,
a low-wing configuration was selected to limit structural weight. Finally, the elliptical wing dimensions are
listed in the following table:

Parameter Symbol Value Unit

Mean aerodynamic chord c̄w 0.267 m

Wingspan (with fuselage) bw 3.33 m

Wing surface Sw 0.79 m2

Aspect ratio ARw 12.48 –

Wing sweep αw [2, 0] deg

Wing dihedral [0–0.9] m, [0.9–1.6] m Γw [0.0, 5.0] deg

Wing loading Wwing 87 N/m2

Table 8: Wing geometric parameters
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7.5 Tail Design

7.5 Tail Design

7.5.1 Tail Configuration Selection

The tail assembly plays a key role in ensuring the aircraft stability as well as providing control authority
in pitch and yaw. During the conceptual design phase, several tail configurations were evaluated.

The conventional tail is simple and robust but leads to increased wetted area and drag. The T-tail
improves aerodynamic efficiency but introduces structural complexity and potential deep stall issues. In
contrast, the V-tail configuration is better suited to the objectives of this project. By combining the func-
tions of the horizontal and vertical stabilizers, it enables a reduction in total wetted area, fewer structural
components and lower interference drag. In addition, a V-tail configuration had already been successfully
implemented on Genesis, providing confidence in its sizing and performance for the present design. For
these reasons, the V-tail configuration was selected.

The following step consisted of determining its geometry in order to ensure adequate stability and
control.

7.5.2 Sizing and Formulation

The sizing of the V-tail was based on equations developed for a conventional tail, using equivalent
horizontal and vertical volume coefficients. These formulas were then adapted to a V-tail design:

VH =
SH · LH

S · c
(2)

VV =
SV · LV

S · b
(3)

where VH and VV are the tail volume coefficients, taken as 0.5 and 0.04 respectively [7]. LH and LV

denote the distances between the quarter chord of the wing and the quarter chord of the horizontal and
vertical tails, respectively. For a V-tail, the stabilizing surfaces are inclined at an angle γ, leading to the
following relationship between the actual V-tail surface and the equivalent conventional tail areas:

SV−tail =
SHT

cos2 γ
=

SV T

sin2 γ
(4)

γ = arctan

(√
SV T

SHT

)
(5)

We used this formulation to adjust the geometry of the V-tail to meet the required stability char-
acteristics. During the design process, key parameters (tail arm length, V-tail angle, surface area) were
continuously adjusted to achieve a balance between stability requirements and drag minimization. The
final key parameters are listed in the following table:

Parameter Symbol Magnitude Unit
Mean aerodynamic chord ct 0.2 m
Empennage span bt 0.399 m
Empennage surface St 0.159 m2

Aspect ratio ARt 4.08 –
Empennage dihedral γt 40 ◦

Tail arm Lt 1.1 m

Table 9: Empennage geometric parameters
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7.6 Fuselage Design

7.5.3 Tail Airfoil

After reviewing several existing airfoils, the NACA 0012 airfoil was
selected for the V-tail. This choice was primarily motivated by its slightly
higher stall angle compared to the wing airfoil, allowing the aircraft to
retain pitch control at high angles of attack, particularly when the wing
is stalled. As a result, the V-tail can continue to generate aerodynamic
forces and maintain control authority under critical flight conditions.

Figure 16: Polar plot

7.6 Fuselage Design

7.6.1 Payload Prediction and Placement

At this point, the aircraft conceptual design was almost complete; the only aspect remaining was the
fuselage configuration. In our case, the fuselage had to be manufacturable, minimize drag, and accommo-
date the expected payload of 10 cans. We considered five main can configurations:

(a) Single row (b) Two rows (c) Three rows (d) Arrow layout (e) Compact layout

Figure 17: Comparison of fuselage packing configurations

Out of these five configurations, the 17c was not studied further, as the frontal area would be large and it
would be difficult to arrange the cans so that they do not touch each other, as required by the regulations.
Configuration 17d appeared to create static margin issues, especially when no cans were loaded in the
aircraft. Configuration 17b was also not optimal, as it would require removing the cans in pairs, which
does not allow flights with an odd number of cans. Lastly, configuration 17e was only considered in case a
shorter fuselage was needed, but it resulted in higher drag. Therefore, the most suitable option seemed to
be configuration 17a, but further analysis was conducted to validate this preliminary choice.

7.6.2 Fuselage Optimization

In order to validate the can placement, Computational Fluid Dynamics (CFD) simulations were con-
ducted on Ansys Fluent to identify the configuration with the lowest drag. As the motors are mounted on
the wings, it was necessary to optimize the fuselage nose. Therefore, the analyses aimed to evaluate the
impact of the fuselage frontal area, as well as the length and shape of the nose, on the drag coefficient Cd.

(a) Arrow CD

1.329× 10−3
(b) Oblong CD

2.486× 10−3
(c) Parallelepipedic CD

2.531× 10−3
(d) Compact CD

5.197× 10−3

Figure 18: CFD analysis of different fuselage configurations
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The most aerodynamic fuselage shape is the arrow configuration (Fig. 18a), as it reduces the frontal
area. However, this configuration creates significant issues in terms of static margin and the placement of
the telemetry box, as encountered on the Genesis aircraft. This configuration was therefore discarded.

The compact fuselage (Fig. 18d) is the least aerodynamic. The oblong and parallelepipedic shapes have
similar Cd values. Initially, the oblong fuselage (Fig. 18b) was selected. However, during the fuselage design
phase, it was found that the connection between the oblong fuselage and the low wing was not optimal, as
the rib located at the root chord is positioned on the curved surface of the fuselage.

Therefore, the parallelepipedic shape (Fig. 18c) was selected as the final fuselage configuration.

8 Aerodynamic Analysis

The static and dynamic stability of the aircraft were evaluated using XFLR5 and analytical formulations
from Cook’s flight dynamics book [4].

Figure 19: XFLR5 Plane study

8.1 Static Stability

The aircraft’s static stability is governed by the position of its center of gravity. An initial mass
estimation was conducted based on material data and preliminary manufacturing tests. Subsequently, this
estimation was refined following the construction of the prototype. The following table summarizes the
final component masses and their positions for a full payload capacity of 10 cans:

Component m [kg] x [m] y [m] z [m]
Motor 1 0.138 -0.107 -0.393 0.002
Motor 2 0.138 -0.107 0.393 0.002
ESC 1 0.032 -0.036 -0.400 -0.002
ESC 2 0.032 -0.036 -0.400 -0.002
Flight Controller 0.025 0.066 0.000 0.002
Battery 1 0.130 -0.600 -0.020 0.033
Battery 2 0.130 -0.600 0.020 0.033
Telemetry box 0.150 -0.489 0.000 0.077
Landing gear 0.164 0.164 -0.179 0.066
Fuselage 0.711 0.130 -0.001 0.034
Wing 1.300 0.048 0.000 0.008
Receiver 0.013 0.143 -0.011 0.00
Empennage 0.307 1.204 0.000 0.176
Auxiliary battery 0.064 -0.052 0.000 -0.011
Nose fuselage 0.220 -0.489 0.043 0.002
Back wheel 0.013 0.200 -0.006 0.010
Payload 3.500 0.034 0.000 0.050
Global 7.067 0.037 0.001 0.039

Table 10: Mass distribution of the aircraft (x, y, z: longitudinal, lateral, and vertical axes). The origin is
located at the 1

4 chord of the wing.

The dry mass of the aircraft is 3.5 kg. This is close to the initial estimate of 3.2 kg. The prototype is
6.25% heavier than expected; however, this does not impact the payload capacity, as it remains within the
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8.2 Can Sloshing Effects on Aircraft Stability

safety margin considered during the design phase. Minor variations in component masses may still occur
if local reinforcements are required.

Based on these masses, the static margin was computed. It is defined as the distance between the center
of gravity and the neutral point, expressed relative to the mean aerodynamic chord. The static margin of
the aircraft at full payload capacity is:

SM =
Xnp −Xcg

MAC
× 100 =

0.055− 0.037

0.267
× 100 = 6.74% (6)

The trim point during the cruise phase was also computed. This condition is reached at a trim angle
of attack of α = 0.28◦. Therefore, the actual plane cruise speed should be around 24 m/s.

Figure 20: CM − α curve
Figure 21: Aircraft speed vs. angle of attack

8.2 Can Sloshing Effects on Aircraft Stability

As the payload of the competition consists of cans, fluid motion inside them can become an issue if the
center of gravity of the payload shifts significantly during flight, as observed in rockets. Therefore, a quick
static analysis was performed to estimate the maximum displacement of the payload center of gravity at
extreme angles.

Figure 22: Can sloshing analysis

Based on commercial data, it was found that 9.09% of the volume in 33 cl cans is not filled. This void
can generate a maximum displacement of the can’s center of gravity of 8.2 mm at a 20◦ bank angle. As
the maximum payload mass is approximately half of the total aircraft mass, the resulting aircraft center of
gravity displacement is approximately 4 mm, which can induce a change in static margin of around 1%. As
this displacement is small and the required aircraft static margin exceeds 5%, no further dynamic analysis
was conducted.
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8.3 Longitudinal, Lateral and Directional Stability

8.3 Longitudinal, Lateral and Directional Stability

The dimensionless stability coefficients of the aircraft are as follows:

Stability type Derivative Value Required sign
Longitudinal Cmα

−0.32395 < 0
Longitudinal Cmq

−13.84 < 0
Lateral Clβ −0.057972 < 0
Lateral Clp −0.56943 < 0
Directional Cnβ

0.052621 > 0
Directional Cnr

−0.040946 < 0

Table 11: Main stability derivatives used to assess aircraft stability

The negative value of Cmα confirms the longitudinal static stability of the aircraft. The negative value
of Clβ indicates a stabilizing dihedral effect, while the positive value of Cnβ

confirms directional static
stability. The damping derivatives Cmq , Clp , and Cnr also have the expected stabilizing signs.

8.4 Dynamic Stability

The dynamic stability analysis shows that all longitudinal modes have eigenvalues with negative real
parts, indicating stable longitudinal behavior.

For the lateral-directional modes, the roll subsidence mode and Dutch roll mode are stable, while the
spiral mode has a small positive real eigenvalue. Since the eigenvalue is close to zero, the associated mode
has a large time constant τ = 1

0.01837 = 54.4s, indicating a very slow divergence. This low-frequency
instability will be corrected easily by the pilot during flight.

Longitudinal Stability Lateral Stability

Short period Phugoid Roll mode Dutch roll Spiral mode

−7.366± 4.822i −0.01133± 0.3513i −41.86 −0.8666± 5.293i +0.01837

Table 12: Dynamic stability eigenvalues.

8.5 Control Surfaces Sizing

In order to size and design the control surfaces, guidelines from [5, 6] were used, as they proved
particularly relevant for Genesis. Since the aircraft has two wing sections, the flaps are located on the root
section and the ailerons on the outer section. The control surface dimensions are as follows:

Control Surface % cw % bw
Ailerons 22.5% 43.75%
Flaps 30% 56.25%
Ruddervators 40% 100%

Table 13: Control surface sizing

To design the flaps, the objective was to achieve a takeoff speed between 9m/s and 12m/s, based on
previous competition results and the behavior of the Genesis aircraft. To reach this takeoff speed, the
required lift coefficient is:

CL =
2W

ρairSwingV 2
takeoff

=
2× 7× 9.81

1.2× 0.79× 102
= 1.45 (7)
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Then, the lift curves for the NACA 2209 airfoil, as well as for plain and Fowler flaps, were computed.
In order to achieve a takeoff speed of approximately 10m/s, Fowler flaps were selected, as this was the
only configuration providing sufficient lift to meet the CL requirement at a reasonable angle of attack.

Figure 23: Cl vs. α curve for 3 configurations (airfoil, plain flap, fowler flap)

9 Structural Design and Manufacturing

9.1 Wing Structure

9.1.1 Wing Internal Structure

The wings were structurally designed using a spar-based approach, with carbon fiber tubes carrying
the primary loads, and plywood spars and ribs used to transfer loads from the skin to the tubes and to
limit skin buckling. The wing is made of four sections located on both sides of the fuselage and aligned
with two carbon tubes.

The skin is a sandwich structure composed of two carbon fiber layers (biaxial 30 g/m2) around a foam
core (1 mm PVC). In the first section, a 20×18 mm carbon fiber tube located at the quarter chord serves
as the main spar, and a secondary 15×14 mm tube connects the fuselage to the rear of the wing. The ribs
and the other spars are made of 3 mm laser-cut plywood. In the second section, a 12×10 mm tube serves
as a spar. The wing tips are reinforced with a 5 mm plywood rib, as well as a small 200 g/m2 carbon sheet.

Figure 24: Wing structure
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9.1 Wing Structure

9.1.2 Wing Sections Connection

The wing section connection is critical to ensure that the
structure can withstand the static test loads. Loads are transmit-
ted through a wing elbow made of PA6-CF, which connects the
main tubes of sections 1 and 2. The elbow is 3D-printed with an
optimized orientation so that the fibers are aligned with the load paths.

Positioning is ensured by the centering of the wing elbow and the
indexing pins located at the rear, as well as by surface-to-surface con-
tact between the ribs. The wing sections are secured together using a
screw fastened into a reinforced insert (black cube).

Figure 25: Sections 1/2 connection

9.1.3 Motor Mount Structure

The motor mount is composed of two PA6-CF parts. One part is
bonded to the skin and aligned with the carbon tubes. The second
part (blue one) is detachable and assembled using screws, allowing
easy access to the motor. A 5mm plywood plate is used as a thermal
shield between the PA6-CF structure and the motor.

Figure 26: Motor mount structure

9.1.4 Wing Structural Analysis

The wings are subjected to two load cases: flight and static testing. Since the stresses during the static
test are higher, a static structural analysis was performed to represent this case. A 70 N force was applied
to the wing tubes at the fuselage-wing interface to represent the fuselage and tail weight, and a vertical
support was applied at the wingtip. Symmetry conditions were applied to reduce the simulation time.

Figure 27: Wing deformation under static test conditions (FEA)

A maximum deflection of 7 mm is obtained during the static test. The maximum stresses occur at
the fuselage interface, as well as at the wing connections, where the load is transferred from one tube to
another through the joiner.
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9.2 Tail Structure

9.2 Tail Structure

As the tail arm is long, the tail structure must be lightweight in order not to excessively affect the
static margin. Therefore, a wooden spar-based structure was selected for the V-tail, rather than a tubular
design. This choice was motivated by the relatively low loads experienced by the tail, allowing the use of a
lighter 3 mm plywood spar. The ribs were lightened with cut-outs, and the skin uses the same composite
layup as the wing, consisting of two carbon fiber layers (biaxial, 30 g/m²) surrounding a 1 mm PVC foam
core. This layup resulted in a significant reduction in tail weight compared to Genesis, by approximately
a factor of 2.

Figure 28: Empennage structure

Moreover, a tail joiner was designed to connect the fuselage tube, both halves of the empennage, and
the tail wheel using M3 screws. The purpose of the joiner is to define the tail geometry by fixing an
incidence angle of 0.8° and a dihedral angle of 40°. Positioning is ensured by contact with the root rib of
each tail half, and rotation is prevented by pin extrusions on the joiner surface engaging with the rib. Both
parts are secured using two screws, accessed through the servo hatch. Additionally, the fuselage carbon
fiber tube is centered within the joiner.

Figure 29: Tail joiner Figure 30: Tail joiner FEA

An external joiner design was selected to avoid drilling holes in the tube, which would significantly
weaken it and increase the risk of failure during landing. Due to its complex geometry, the tail joiner was
manufactured using 3D printing in PA6-CF, as this material offers a good balance between strength and
weight. A preliminary FEM analysis was conducted, applying both aerodynamic loads from the tail during
flight and landing loads from the tail wheel.
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9.3 Landing Gear

9.3 Landing Gear

9.3.1 Initial Retractable Landing Gear

The initial concept for the aircraft was to design a retractable
landing gear system housed within the wings in order to reduce
aerodynamic drag during flight. However, during the design pro-
cess, it was determined that the landing gear would be located
behind the aircraft’s center of gravity, which would negatively
affect its balance and stability.

As a result, the retractable system was deemed unsuitable for
the final design and was therefore discarded.

Figure 31: Retractable landing gear

9.3.2 Final Design

For this reason, the design process continued with a non-retractable landing gear mounted at the front
of the aircraft. Although this solution generates more drag during flight, it provides better balance and
simplifies manufacturing.

Figure 32: Front landing gear assembly

The landing gear strut geometry resembles a semicircle and was manufactured using 20 layers of
200 g/m2 carbon fiber. The cross-section of the strut is not uniform along its length: both the thickness
and the width are greater near the fuselage attachment, where the stresses are higher, and progressively
decrease toward the wheel attachment region. In this way, material is distributed where it is most needed.
The strut has a height of 135 mm, allowing for an angle of attack of 5° during takeoff and sufficient ground
clearance for the propellers. A FEM analysis was conducted to maximize flexibility while preventing
structural failure.

Figure 33: Landing gear strut FEA under landing loads

The wheel consists of two main components: the rim and the tire. The rim has a diameter of 100 mm
and a thickness of 10 mm, and was sized using formulas from [6].
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9.4 Fuselage and Cargo Bay

Figure 34: Wheel FEA under landing loads

At the center of the rim, a ball bearing is inte-
grated to ensure smooth wheel rotation. In addition,
a cover is installed on one side of the rim to reduce
aerodynamic drag.

The second component is the tire, which is manu-
factured from TPU material to deform during landing
and absorb part of the impact load. The structural
integrity of the rim was verified through numerical
analysis, using a load factor of 3, corresponding to
three times the aircraft weight, in accordance with [6]
recommendations.

Finally, the tail wheel will be the only component not manufactured in-house. A CAD design was
developed, but manufacturing such a part with the available tools would result in a heavier component
with a poorer fit than a commercially available one, while also being time-consuming.

9.4 Fuselage and Cargo Bay

The fuselage was designed to accommodate the cans on their side, in a single row. The fuselage skin
consists of two plies of 200 g/m2 carbon fiber, as it needs to withstand significant loads. Inside, a 5mm
plywood frame and spar structure is integrated. The spars have a dual function: to strengthen the fuselage
in bending and to maintain the cans in position.

Figure 35: Fuselage assembly

Due to transport constraints, the fuselage had to be split into two parts. A continuous section was
maintained from the landing gear attachment to the fuselage tube, as most of the loads are transmitted
through this region. The second section is the detachable nose, made of two plies of 90g/m2 glass fiber. It
houses the electronics and is positioned using two carbon fiber pins and secured with two screws.

In order to size the tail tube, an analysis was conducted in which the tail load was applied at the end of
the tube. The objective was to minimize the ratio between the tail tube length and its deflection at cruise
speed, in order to limit flutter risks.
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9.5 Manufacturing Methods

Figure 36: Fuselage FEA under flight loads

Different tube configurations were simulated, and a 25×24 mm carbon tube was selected.

9.5 Manufacturing Methods

The following method was followed to obtain most of the laminated parts:

1. Mold preparation. The molds were manufactured and prepared as described previously (cf. 6.4.1).

2. Material preparation. The carbon fiber plies and PVC foam core were weighed in advance to
estimate the required amount of resin. The epoxy system was then mixed according to the manu-
facturer’s recommended resin-to-hardener ratio (3 to 1 ratio by mass). A target fiber-to-resin mass
ratio of approximately 1:1 was used during layup.

3. Layup of the sandwich structure. A first ply of 30 g/m2 biaxial carbon fiber was laid and
impregnated, followed by the placement of the 1 mm PVC foam core. A second carbon ply was then
applied to complete the sandwich structure.

4. Vacuum bagging. The laminate was covered with release film and peel ply, then sealed in a vacuum
bag and connected to a vacuum pump. A vacuum level of approximately −0.8 bar was applied.

5. Curing. The part was left to cure at room temperature for approximately 24 hours.

6. Demolding and assembly. After curing, the parts were demolded, and the upper and lower
sections were assembled together with the internal structure.

Figure 37: Schematic of the lamination process

9.6 Transport Box

The transport box is a key element of the ACC. As the team will travel by car, the box does not need
to be heavily reinforced for shipping. The design approach was straightforward. First, the box length was
defined based on the longest aircraft component. Then, the internal layout was optimized in SolidWorks
to fit all parts as efficiently as possible. Finally, the box geometry was designed around this arrangement.
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This process made it possible to identify efficient ways to interlock the different components and min-
imize unused space. A small clearance of a few millimeters was also maintained in all directions, while
complying with the constraint L+W +H ≤ 1500mm.

Figure 38: CAD render and manufactured transport box

10 Electronic Systems

10.1 Plane Electronics Layout

The final aircraft is equipped with a flight controller (FC) connected to a receiver, 6 servos, and 2
electronic speed controllers (ESCs). Competition regulations require separate power sources for propulsion
and control systems. Accordingly, a single 650mAh 3S LiPo battery powers the FC, servos, and receiver,
while two 1300mAh 3S LiPo batteries supply the two motor–ESC pairs connected in parallel.

Figure 39: Schematic of the aircraft electronic system

The flight controller is configured using the latest ArduPlane firmware alongside the Mission Planner
software. The motors used correspond to the model mandated by the competition regulations, and pro-
grammable ESCs regulate the current supplied to them. Communication between the receiver module and
the FC is established using the SRXL2 protocol. The control surfaces are actuated by three pairs of servos,
assigned respectively to the flaps, ailerons, and V-tail.

10.2 Battery Sizing and Selection

For a successful and efficient flight, it is essential to select appropriate batteries for the aircraft. There-
fore, an initial estimation of the minimum required battery capacity was performed based on the compe-
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10.3 Servomotor Selection

tition flight time requirements and realistic assumptions where necessary. The following tables summarize
the parameters considered:

Flight Parameters Value Unit

Takeoff Time (2 attempts) 10 s

Ascent Time 60 s

Cruise Time 120 s

Descent and Stopping Time 50 s

Total Time 240 s

Table 14: Flight duration

Electrical Parameters Value Unit

Max Current (Motors 1 + 2) 30 A

Nominal Voltage (3S) 11.1 V

Table 15: Motor consumption

Based on these parameters, the required battery capacity was computed using a safety factor of 1.2:

qbattery = c · t · Imax = 1.2 · 240

3600
· 30000 = 2400 mAh (8)

The ascent and cruise durations, as well as
the maximum current, were dictated by the ACC
regulations. Takeoff and descent durations were
estimated. The safety factor ensures a margin
above the minimum required capacity.

After defining the target capacity, several
batteries with similar specifications were tested.
Each battery was discharged while monitoring
the voltage and power evolution over time (see
Fig. 40). The same test bench used for propeller
selection was employed.

Based on these results, a configuration using
two 1300mAh batteries in parallel was identified
as the most suitable solution.

Figure 40: Excerpt of Discharge Curves

10.3 Servomotor Selection

10.3.1 Servo Torque Calculation

In order to size the servos, an Excel-based calculation tool was developed using the following formula:

Tservo = 6.12 · 10−7 ·
V 2 · c2f · bf · sin(δf ) · tan(δf )

tan(θservo)
[kg · cm] (9)

where Tservo is the required servo torque, V the airspeed, cf the flap chord, bf the flap span, δf the
flap deflection angle, and θservo the servo horn angle.

Using this method, the required torque was estimated to be approximately 6.5 kg · cm for the Fowler
flaps, while the ailerons and rudders require about 3.4 kg · cm.

10.3.2 Servo Selection

Based on the previous requirements and the servos available on the market, the Blue Bird BMS-
125WV+ servo was initially selected, as it provides up to 7.1 kg·cm of torque for a mass of only 11 g. This
servo was used on the V1 aircraft, but it could not be reordered due to a worldwide shortage.

28



As a result, a different strategy was adopted. The D-Power HVS-140BB (4.5 kg·cm, 8.5 g) was selected
for the tail and ailerons, while the CHASERVO DS09 (9.0 kg·cm, 13 g) was chosen for the flaps. Using
two different servo models instead of one allowed an optimal compromise between weight and torque for
each application.

Figure 41: Selected servos for the control surfaces

11 Payload Prediction

The maximum payload capacity of the aircraft is 10 cans. However, in order to maximize the competition
score, a payload of 7 cans will be selected for each flight round.

12 Outlook

The outlook is positive. At the beginning of the project, there were doubts about our ability to design
and build two aircraft within one year as a young technical team. However, thanks to the dedication of
the team, we are on track to achieve this goal. Earlier delays were compensated by sacrificing two weeks
of holidays in mid-April. These delays were mainly caused by recurring issues with PVC-to-carbon fiber
bonding, as well as academic constraints.

Today, we are in a strong position. The Genesis aircraft is fully operational and serves as a test platform
for new developments, such as our in-house carbon fiber landing gear and updated electronic components.
In parallel, the V2 structure is well advanced: the skins have been laminated, trimmed, and mostly as-
sembled. We are currently validating the mechanical interfaces between components and integrating the
onboard electronics.

With two months remaining, the first flight of the V2 is expected before mid-May. This will allow
sufficient time for testing and incremental improvements. A key focus moving forward is the integration of
a flight controller, which will act both as a data acquisition system and as a stabilization aid.

Finally, the academic schedule works in our favor, as exams end two weeks before the competition.
This provides a final window to refine the aircraft before heading to Stuttgart. We are excited to be part
of this adventure and intend to make the most of this opportunity.

Figure 42: State of the ACC aircraft manufacturing on 20/04/2026
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Relevant Aircraft Dimensions
Wing span 3333,2 mm

Wing airfoil NACA 2209 -
Wing area 0.792 m2

Wing Root chord 315.1 mm

Wing Tip chord (80%) 189 mm

Empennage span  399 mm

Empennage airfoil NACA 0012 -
Empennage root chord 255 mm

Empennage tip chord (80%) 152 mm

Empennage dihedral 40 °

Center of gravity ( from1/4 
chord) 38 mm
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A 10-can payload Wing connection
Scale (1:5)

Wing connection

Avionics battery
Flight Controller

RC receiver

Telemetry box holder

Fuselage / nose clamping

Fuselage / Tail joint

Fuselage / nose positioning

Fuselage / nose clamping

A (1:2)
Telemetry box

Propulsion Battery

Cargo Bay characteristics
Length 710 mm
Width 135.6 mm

Approximate 
volume 8.6e6 mm3

Cargo Bay characteristics

Length 710 mm

Width 135.6 mm

Approximate volume 8.6e6 mm3
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