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Introduction 
Our Team, ATLAS – M.ACH, based at the University of Patras, Greece, is supported by the Applied 

Mechanics & Vibration Laboratory, in the Department of Mechanical & Aeronautical Engineering (AML/UPAT) 
and the EUROAVIA Patras local AS. The team was founded in October 2006 by undergraduate Mechanical & 
Aeronautical Engineers, PhD Candidates and Euroavia members. Over the years, ATLAS has represented the 

University of Patras in several Air Cargo 
Challenge competitions across Europe, 
achieving notable results, including 6th 
place in ACC 2009 (Covihla) and 8th place 
in ACC 2007 (Lisbon) and ACC 2015 
(Stuttgart). In 2017, the team’s operations 
came to a halt, and in 2022, the project was 
relaunched as M.ACH, which represented 
the University of Patras at the Air Cargo 
Challenge 2024 in Aachen. For the past two 
years, our team has been working toward a 
single goal: the Air Cargo Challenge 2026. 
This milestone would not have been 
possible without the unwavering support of 
the University of Patras and the 
Mechanical Engineering and Aeronautics 

Department, under the Leadership of the Emeritus Head Professor – Head Professor of the Team – Prof. Vassilis 
Kostopoulos, and all of our sponsors. 

Figure 1: ATLAS – M.ACH Airplane for Air Cargo Challenge 2026.  
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1. Project Management 
In this section, the report focuses on the team’s structure and the organization of the project over the 

past two years, from the conclusion of the ACC 2024 competition through to the ACC 2026 competition. 

  

1.1 Team Structure  

The team consists of 3 PhD Candidates and 24 Undergraduate students at the University of Patras from 
various departments, namely the Department of Mechanical Engineering and Aeronautical Engineering 
(MEAD), the Department of Electrical and Computer Engineering (E&ECE), and the Department of Computer 
Engineering & Informatics (CEID). 

It should be noted that the PhD students are divided into two categories: one serves as the Team Leader, 
while the other two have a supporting role in supervising, organizing, and passing on knowledge to the newer 
members, as well as in optimizing the overall design and processes. Team members are divided into five sub-
teams to better manage and distribute tasks and research. Specifically, these are Aerodynamics, Structural, 
Manufacturing, Electrical, and Marketing.  

In addition, when testing needs to be conducted and data collected to continue design, analysis, and 
aircraft development, a small subteam, Testing, is formed. This subteam consists of the pilot and borrows 
members from other subteams in order to collect the necessary data, process it, and provide it as input for the 
continuation of the process.  

The following table provides a detailed overview of the team members, their departments, and roles.   

Table 1: Team Members, their departments and roles.  

Surname Name Uni Department Sub-Team Role 
Alexopoulos Spyridon PhD - MEAD - Team Leader 

Zaragkas  Thomas PhD - MEAD - Optimization - Consultant 
Spiliotopoulos Panagiotis PhD - MEAD - Optimization - Consultant 

Lachanas Angelos Undergraduate - MEAD Aerodynamics Subteam Leader  
Iliopoulos Theodores Undergraduate - MEAD Aerodynamics Team Member 
Panousis Grigoris  Undergraduate - MEAD Aerodynamics Team Member 

Dimogiannis Panagiotis Undergraduate - MEAD Aerodynamics Team Member 
Pagiatis Konstantinos Undergraduate - MEAD Aerodynamics Team Member 

Kontostergios Giannis Undergraduate - MEAD Aerodynamics Team Member 
Mousikoudis Dimitrios Undergraduate - MEAD Aerodynamics Team Member 

Antoniadis Vassileios Undergraduate - MEAD Structural Subteam Leader  
Rallis Panagiotis Undergraduate - MEAD Structural Team Member 

Ignatiadis Apostolos Undergraduate - MEAD Structural Team Member 
Tsakonas Xristos Undergraduate - MEAD Structural Team Member 

Koutsogiannis  Alexandros  Undergraduate - MEAD Structural Team Member 
Nikolopoulos  Andreas Undergraduate - MEAD Manufacturing Subteam Leader  
Grammenos  Konstantinos Undergraduate - MEAD Manufacturing Team Member 

Agathos  Mixalis Undergraduate - MEAD Manufacturing Team Member 
Ntafogianni  Theofano Undergraduate - MEAD Manufacturing Team Member 

Spanogiannis Spyridon Undergraduate – E&ECE Electrical Subteam Leader  
Stratigakis Nikos Undergraduate – E&ECE Electrical Team Member 

Kamaris  Konstantinos Undergraduate – E&ECE Electrical Team Member 
Papageorgiou  Spyridon Undergraduate – CEID Electrical Team Member 

Dallas Fillipos Undergraduate – CEID Electrical Team Member 
Kamarinopoulou  Evi Undergraduate - E&ECE Electrical Team Member 
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Kontomaris Giannis Undergraduate – MEAD Electrical Team Member 
Zervou Maria Undergraduate – ARCH. Marketing Team Member 
Priakou Zaxaroula Undergraduate – PHIL. Marketing Team Member 
Kaitsas Xristos Pilot 

 

1.2 Project Schedule 

In terms of timing, the team’s organization, for the past two years we, was divided into two phases because 
the 2026 ACC regulations were not released until after August 1, 2025. In the first phase, from 2024 through the 
summer of 2025, the team underwent reorganization and development, as only three members remained from 
the team that participated in the ACC 2024 competition. Consequently, an extensive recruitment drive was 
conducted to bring in new members, and once this process was complete, the remaining months were 
dedicated to training members and developing the new methodology for designing our aircraft, which is detailed 
below. 

In the second year, during the second phase, the time was organized in a much more detailed and structured 
manner so that we could advance the design methodology we wanted to implement, test it, compare our 
options, and have time for construction, as well as a reasonable amount of time for testing and evaluating the 
completed design. The following Gantt Chart presents, in detail, the plan implemented from the moment the 
regulations became available through this report and up to the ACC 2026 competition.  

 

  
(i) (ii) 

 
(iii) 

Figure 2: ATLAS – M.ACH Team, Gantt Chart and Preparation Plan. i) Gantt Chart Phase 1 from August 2025 
to February 2026, ii) Gantt Chart Phase 2 from March 2026 to July 2026, iii) Gantt Chart label.  

1.3 Budget & Financial Report 

 The financial planning of the ATLAS–M.ACH ACC 2026 airplane project is an essential part of the overall 
project management process, as it ensures that the aircraft can be designed, manufactured, tested, and 
prepared for the competition with the available resources. The project budget is divided into several cost 
categories based on the aircraft's primary development needs. The first category is design and engineering, 
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which includes CAD work, aerodynamic and structural analysis, design iterations, and technical documentation. 
The second category is materials and manufacturing, foam, composite materials, carbon elements & parts, 
adhesives, fasteners, molds, 3D-printed parts, CNC or laser-cut components, and workshop consumables. The 
third category is propulsion and energy, including motors, ESCs, propellers, batteries, chargers, connectors, and 
power distribution components. The fourth category is avionics and control systems, which includes servos, 
receivers, telemetry equipment, wiring, switches, and sensors. Additional costs include testing and validation, 
documentation and reporting, transportation, competition logistics, and a contingency reserve for failures, 
redesigns, damaged parts, and unexpected purchases. 

 

Table 2: ATLAS -M.ACH, ACC 2026, Project Cost – Until the Report Time.  

Cost Category Description Cost (€) 
Design & Software CAD, Analysis, Simulations, Documentation (Sponsorship) 

Materials & Manufacturing Composite Materials, Molds, Adhesives, 
Consumables, etc… 1687* 

Propulsion & Energy  Motor, ESC, Propellers, Batteries, Chargers, 
Connectors 319* 

Avionics & Control Systems  Servo, Telemetry – Receivers, Wires, Sensors 432* 
Testing & Validation Prototypes, Thrust Stand, Experimental Set-Up 278 

Competition & Logistics Transportation Box, Stickers, Travel,  
Accommodation, Registration Fees 1350** 

Total Budget (€) 4066 
 * There will be a few more orders placed, which will increase the total cost.  

** Some airline tickets are sponsored, but others still need to be paid for, as does the accommodation, 
which hasn't been paid for yet.  

   

The project budget is expected to be supported by a combination of institutional, organizational, and 
personal funding sources, as well as sponsorships. The following table, Table [3], shows the sources of funds, 
along with charts illustrating the distribution of funds and expense categories, Figures [3] & [4].  

Table 3:ATLAS – M.ACH, Project Cash Flow. 

Organization  Cash Flow (€) 
AML, Laboratory 600 
EUROAVIA 1050 
ELKE, University of Patras  3664.10 
Personal Expenses  500 

 
Figure 3: ATLAS – M.ACH, ACC 2026, Cash Flow, Funding 

Sources Distribution.  

 
Figure 4: ATLAS – M.ACH, ACC 2026, Cost Distribution for the 

Team’s needs.  
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1.4 Product Development Plan - V Models 

For the Team’s ATLAS – M.ACH, ACC 2026 airplane, the whole project management, design, and engineering 
process is structured around an integrated development framework that connects the Product Development 
Plan (PDP), the System of Systems Methodology (SoS), the V-Models Methodology and Airworthiness. This 
framework is used to ensure that the aircraft is developed not only as a high-performance competition platform 
but also as a safe, rule–compliant, traceable, and verifiable engineering system.  

 
Figure 5: Integrated development framework of the ATLAS–M.ACH ACC 2026 airplane, combining the 

Product Development Plan, System of Systems and V-model logic 

The Product Development Plan defines the main development phases of the ATLAS–M.ACH, ACC 2026 
airplane, starting from mission analysis and competition requirement identification, continuing through 
conceptual design, preliminary design, detailed design, manufacturing, integration, testing, and final 
competition preparation. Within this process, the aircraft is treated as a System-of-Systems, where the 
complete competition platform is decomposed into interacting systems and subsystems, including the 
airframe, wing, empennage, propulsion and energy system, payload system, landing system, avionics/control 
system, operational support, and documentation framework. This System-of-Systems representation, Figure 
[5], enables managing the aircraft not as isolated components but as an integrated architecture in which each 
subsystem affects overall performance, safety, rule compliance, and airworthiness. The V-model is then used 
to connect each level of this system breakdown with its corresponding verification and validation activity. In this 
way, the Product Development Plan, System-o-Systems architecture, and V-model work together to ensure full 
traceability from ACC 2026 requirements to design decisions, verification evidence, and final competition 
readiness. 

To support the early stages of Design and Organization, a 
Quality Function Deployment (QFD) analysis was conducted, 
Figure [6]. The QFD translates the main ACC 2026 competition 
objectives into technical development priorities by linking the 
“customer” and competition requirements with the main aircraft 
functions, including propulsion and energy, aerodynamics and 
weight, structure and landing, operations, and 
documentation/project management. The QFD results show that 
the most critical engineering drivers for the aircraft are 
aerodynamics and weight, structure and landing, and propulsion 
and energy, while operations and documentation remain essential 
for competition readiness, rule compliance, and project control. 
Therefore, the QFD acts as a decision-support tool that guides 
resource allocation, design trade-offs, risk management, and 
verification planning during the PDP. 

Figure 6: Quality Function Deployment, QFD House 
for Air Cargo Competition 2026. 

lucas
Texte surligné 
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1.5 Custom Tools 

At this point, it is necessary to mention the tools the team has developed to assist with organizing, 
operating, and executing all necessary tasks. Specifically, the Electrical subteam initially created a tool to 
analyze flights and data received from Testing. This tool takes flight log files as inputs and provides a detailed 
view of the trajectory, aerodynamic measurements when sensors are used, and all other measurements. In the 
following images, you can see a screenshot of the application displaying the flight path, along with indicative 
battery and flight speed measurements.  

 

 
Figure 7: Images from our custom Software - Tool, which analyzes the .log files from the Flight Tests and 

provides data for design, analysis, optimization, and calibration. 

A second tool created by the Marketing team – and which is still under development and requires further 
refinement –that serves as a database for the team’s financial data, the organization of orders that need to be 
placed, as well as for general workflow management. The following image shows a snapshot of this tool, 
specifically illustrating the function for placing sponsor stickers on the airplane to ensure proper design and 
spatial placement and avoid issues with the livery.  

 
Figure 8: Image from our custom Software – Tool, which stores all the Marketing, Economics, and 

sponsorships data in a Custom Database and can create the Livery for the Airplane.  
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2. Conceptual  
For the conceptual design of the aircraft, a physics-based modeling approach was adopted to study the 

trade-offs between the competition objectives and the main design variables. From the beginning, the goal was 
to understand how sensitive the final score is to the aircraft's parameterization. The scoring functions are 
explicitly defined by the competition rules [3] given by the following equations, 

𝑆𝑟𝑜𝑢𝑛𝑑,𝑡𝑒𝑎𝑚,𝑟𝑎𝑤 = 𝐵𝑡𝑎𝑘𝑒−𝑜𝑓𝑓 ⋅ 𝑚𝑝𝑎𝑦𝑙𝑜𝑎𝑑 ⋅ 𝑙𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
2 − ∑ 𝑃𝑟𝑜𝑢𝑛𝑑,𝑗

𝑗

 (1) 

𝑆𝑟𝑜𝑢𝑛𝑑,𝑡𝑒𝑎𝑚 =
𝑆𝑟𝑜𝑢𝑛𝑑,𝑡𝑒𝑎𝑚,𝑟𝑎𝑤

𝑆𝑟𝑜𝑢𝑛𝑑,𝑏𝑒𝑠𝑡 𝑡𝑒𝑎𝑚 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑟𝑜𝑢𝑛𝑑,𝑟𝑎𝑤
+ ∑ 𝐵𝑟𝑜𝑢𝑛𝑑,𝑖

𝑖

 (2) 

These equations show that the aircraft must simultaneously maximize useful payload and mission 
distance. However, the connection between the score and the aircraft design variables is not explicit. The score 
can only be evaluated after estimating the trajectory that a given aircraft configuration can perform during the 
mission. Therefore, the conceptual design problem requires a trade-space exploration framework that 
connects aircraft low-level parameters to trajectory performance and then evaluates each candidate design 
through the competition scoring equation. 

A major challenge encountered from the start was the large size of the possible design space. If all 
geometric, aerodynamic, structural, propulsion, and mission variables are considered simultaneously, the 
optimization problem quickly becomes affected by the curse of dimensionality. For this reason, the design 
strategy was organized as an iterative spiral process. At each stage of the aircraft design, the parameterization 
can be expanded, while design experience gained from previous iterations is used to reduce the feasible design 
space. Some variables are fixed once sufficient confidence is obtained, while others remain open for 
optimization in later design phases. 

In the first iteration, the modeling fidelity was intentionally kept relatively low to allow many rapid 
evaluations. The aircraft was parameterized using only the minimum set of variables required to formulate a 
point-mass flight model [1]. This model captures the basic forces acting on the aircraft and relates them to the 
aircraft trajectory through Newton’s second law, 

ma = ∑F = (T − D + m ⋅ g ⋅ sinγ)c1̂ + (L − m ⋅ g ⋅ 𝑐𝑜𝑠𝛾)c3̂ (3) 
In this equation, 𝑚 is the total aircraft mass and 𝑎⃗ is the acceleration vector of the aircraft center of mass. 

The total force acting on the aircraft is decomposed along two trajectory-aligned directions: 𝑐̂1, tangent to the 
flight path, and 𝑐̂3, normal to the flight path. The term 𝑇 − 𝐷 + 𝑚𝑔sin𝛾 represents the force balance along the 
tangential direction, where 𝑇 is thrust, 𝐷 is drag, 𝑔 is gravitational acceleration, and 𝛾 is the flight-path angle. 
The term 𝐿 − 𝑚𝑔cos𝛾 represents the force balance normal to the trajectory, where 𝐿 is lift. Therefore, the 
equation expresses Newton’s second law for a point-mass aircraft model, relating the aerodynamic and 
propulsive forces to the resulting acceleration of the trajectory. 

2.1. Aerodynamic Forces  

For the aerodynamic model, a low-fidelity formulation was selected. The first aircraft parameterization 
was partly defined by the minimum set of variables required by the aerodynamic model, namely, the wing 
surface area 𝑆𝑤, aspect ratio 𝐴𝑅, airfoil selection, and flap configuration. The lift and drag forces are computed 
from the standard aerodynamic relations, 

𝐿 =
1

2
𝜌𝑉2𝑆𝑤𝐶𝐿 (4) 𝐷 =

1

2
𝜌𝑉2𝑆𝑤𝐶𝐷 (5) 

where 𝜌 is the air density, 𝑉 is the flight velocity, 𝑆𝑤 is the wing reference area, and 𝐶𝐿 , 𝐶𝐷 are the lift and drag 
coefficients, respectively. The lift coefficient is estimated by the lifting line theory, specifically using a finite-
wing correction to the two-dimensional linear lift-curve slope, 
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𝐶𝐿 = 2𝜋(𝛼 − 𝛼0) (
1

1 +
2

𝐴𝑅

) (6) 

where 𝛼0 is the zero-lift angle of attack of the selected airfoil, obtained from airfoil polar data using XFOIL, and 
𝐴𝑅 is the wing aspect ratio. This relation allows the airfoil choice to enter the conceptual model through 𝛼0, 
while the finite-wing effect is introduced through the aspect ratio correction. The drag coefficient is modeled 
as the sum of a zero-lift drag contribution and an induced drag contribution, 

𝐶𝐷 = 𝐶𝐷0 + 𝐶𝐷𝑖
 (7) 

The zero-lift drag coefficient is estimated by using a skin-friction-based approximation and the Reynolds 
number. The induced drag is then computed as, 

𝐶𝐷𝑖
=

𝐶𝐿
2

𝜋𝐴𝑅𝑒
 

(8) 

where, 𝑒 is the Oswald efficiency factor.  

Flaps are included through incremental corrections to the lift and drag coefficients. This effect is represented 
by using, 

𝐶𝐿 = 𝐶𝐿,clean + Δ𝐶𝐿 (9) 𝐶𝐷 = 𝐶𝐷,clean + Δ𝐶𝐷 (10) 

with the increments depending on the flap area ratio and flap deflection angle.  

2.2. Mass estimation 

It is important to have an accurate mass estimation even in the early stages of the design, since the 
aircraft mass directly affects the required lift, stall speed, take-off distance, power demand, climbing 
capability, and ultimately the distance that the aircraft can travel while carrying a given payload. To address 
this, an in-house mass-estimation methodology was developed for both the conceptual and preliminary design 
phases. The details of this methodology are discussed separately in Paragraph [4.1]. 

For the conceptual design phase, the main limitation was the approximation of geometric quantities such 
as the root chord, chord distribution, and leading-edge offset. These parameters cannot be defined at this 
stage, since the final wing planform is not yet fully detailed. Therefore, the mass-estimation model was initially 
applied using an idealized fully elliptical wing representation. 

2.3. Thrust 

The thrust estimation was based on interpolation of the propulsion data provided in the organizing 
committee's Test Handbook [2]. This approach, compared with a simulated battery-motor-propeller model, 
proved more accurate because it relies on wind-tunnel testing (see Paragraph [7.2]). Its main drawback is that 
it does not account for battery voltage sag or other battery-state-dependent effects. Therefore, the aircraft was 
sized using the provided thrust, while the influence of battery behavior on the powerplant is neglected at this 
stage. 

2.4. Constraints 

The main and most impactful constraint described by the competition rules [3] is the box constraint, 
stating that the sum of the three inner dimensions of the transportation box shall not exceed 1.5m,  

𝐿𝑥 + 𝐿𝑦 + 𝐿𝑧 ≤ 1.5𝑚 (11) 

This constraint directly affects both the payload configuration and the wing sizing, since all major aircraft 
components must be arranged within a limited three-dimensional volume. For this reason, the component 
layout problem was formulated as a constrained three-dimensional orthogonal packing problem, closely 
related to the classical three-dimensional bin packing and container loading problems [3,4]. In this 
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formulation, a set of rectangular component envelopes are positioned within an enclosing box while satisfying 
non-overlap, orientation, and competition-imposed dimensional constraints.  

As discussed in the mass-estimation section, the geometrical parameterization of the aircraft is limited 
during the conceptual design phase, and approximations were therefore required for several geometric 
quantities. The wing was approximated using the methodology described in Paragraph [2.2], while the tail was 
conservatively estimated as a fraction of the wing geometry. Furthermore, the fuselage geometry was defined 
through a separate constrained optimization problem in which the objective was to minimize drag using the 
aerodynamic model described in Paragraph [3.2]. A similar constrained three-dimensional orthogonal packing 
formulation was also used to verify the feasibility of the payload arrangement inside the available fuselage 
volume. 

Finally, it is important to note that the evaluation of the transportation box at this early stage of the design 
process was undertaken to provide proven solutions for the preliminary phase and to reduce the vast 
conceptual design space. 

2.5. Trajectory  

For the trajectory model, the same low-fidelity philosophy was followed. The objective was not to solve 
the full aircraft control problem, but to evaluate whether a given aircraft configuration can perform a prescribed 
mission profile and what distance it can achieve under the competition constraints. The aircraft's state space 
is described by the horizontal position 𝑥, altitude ℎ, velocity 𝑉, and flight-path angle 𝛾, 

𝐱 = [𝑥 ℎ 𝑉 𝛾]𝑇  (12) 

The trajectory is not left completely free. Instead, the mission is divided into a sequence of predefined 
phases, each assigned a flight-path angle, duration, terminal event, motor setting, take-off flag, and flap 
deflection. This allows the mission to be represented as a fixed reference profile that the aircraft must follow. 
In other words, each candidate aircraft is evaluated by determining whether it can execute a prescribed mission 
structure, rather than allowing each design to choose an arbitrary trajectory. During airborne phases, the 
equations of motion are written as, 

𝑥̇ = 𝑉cos 𝛾 (13) ℎ̇ = 𝑉sin 𝛾 (14) 𝑉̇ =
𝑇cos 𝛼 − 𝐷 − 𝑚𝑔sin 𝛾

𝑚
 (15) 𝛾̇ =

𝐿 + 𝑇sin 𝛼 − 𝑚𝑔cos 𝛾

𝑚𝑉
 (16) 

   

where 𝑇 is thrust, 𝐷 is drag, 𝐿 is lift, 𝑚 is the aircraft mass, 𝑔 is gravitational acceleration, α is the angle of attack, 
and γ is the imposed flight-path angle of the current mission phase. 

Since the flight-path angle is prescribed by the mission definition, the aircraft must generate the required 
lift to remain on that path. This is enforced through trim conditions. For each time step and flight phase, the 
required angle of attack is computed by solving the normal-force equilibrium: 

𝐿 + 𝑇sin 𝛼 − 𝑚𝑔cos 𝛾 = 0 (17) 

This equation determines the trimmed angle of attack 𝛼trim. Therefore, 𝛼trim is the control variable that 
allows the aircraft to follow the imposed trajectory. Physically, it represents the angle of attack required for the 
aircraft to balance the normal component of its weight at the specified flight-path angle and speed. If the 
required trim angle is outside the allowable angle-of-attack bounds, the candidate aircraft is considered 
infeasible for that mission segment. 

With this trim condition imposed, the normal acceleration is constrained to be zero for the prescribed γ, 
and the remaining dynamic quantity to be integrated is mainly the evolution of velocity along the trajectory. The 
solver then integrates the point-mass equations phase by phase using a numerical time-integration scheme. 
At the end of each phase, the final state is passed as the initial condition of the next phase. This creates a 
complete mission trajectory from take-off to the final scoring segments. 
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The take-off phase is treated separately because the aircraft is still rolling on the ground. In this case, the 
altitude and flight-path angle are kept constant, while the velocity evolves according to the balance between 
thrust, aerodynamic drag, and rolling resistance: 

𝑥̇ = 𝑉 (18) ℎ̇ = 0 (19) 𝑉̇ =
𝑇 − 𝐷 − 𝑅

𝑚
 (20) 𝛾̇ = 0 (21) 

 

where 𝑅 is the rolling resistance force. The take-off phase ends when the aircraft reaches a prescribed velocity, 
typically related to the stall speed, after which the airborne trajectory phases begin. 

The mission is therefore represented as a sequence of constrained flight segments. Each segment has 
prescribed parameters such as flight-path angle, duration, motor throttle, and flap deflection. Events are used 
to stop or modify phases when specific conditions are reached, such as take-off speed, target altitude, altitude 
bounds, or phase time. This structure allows the same mission definition to be applied consistently to all 
candidate aircraft designs. 

In this framework, the aircraft is effectively controlled through the combination of motor throttle, flap 
deflection, and trimmed angle of attack. The motor throttle, constrained by maximum current, determines the 
available thrust, the flap setting modifies the lift and drag characteristics, and the trim equation determines the 
angle of attack required to satisfy the imposed flight path. Therefore, the trajectory model integrates the 
aerodynamic and propulsion models with the mission definition into a single evaluation loop. For each aircraft 
configuration, the solver computes the forces, determines the required trim, integrates the equations of motion 
using the Runge-Kutta method, checks feasibility constraints, and finally evaluates the distance traveled and 
mission performance for the scoring calculation. 

2.6. Optimization Methodology 

Up to this point, the presented methodology describes how a given candidate aircraft can be evaluated 
using the selected parameterization and how the flight quantities contributing to the raw score can be 

computed. This evaluation framework provides a suitable basis 
for implementing a black-box optimization methodology with 
two main objectives. The first objective is to search for high-
performing configurations and, as much as possible, converge 
toward the best design within the assumed modeling fidelity. The 
second objective is to explore the design space and identify the 
main trends, sensitivities, and trade-offs between design 
variables. In the context of conceptual design, this second 
objective is particularly important, since it can provide valuable 
insight into the behavior of the design space that would be 
difficult to obtain through a limited number of manual iterations 
or physical prototypes. 

To address this, Bayesian Optimization (BO) was selected 
for both the conceptual and preliminary design phases. This 
choice was driven by the need to efficiently explore the design 
space, a key advantage of BO over more traditional approaches 
such as genetic algorithms. BO achieves this efficiency through 
guided exploration: it iteratively evaluates the black-box 
function, updates a surrogate model with the accumulated 
dataset, and uses the model’s predicted statistical quantities in 
unexplored regions to select the next evaluations via an 
acquisition function. The main challenge was the high 
computational cost of Gaussian Process (GP) models, which 

are the default and most widely used BO surrogates. As shown in the literature [6,7], Random Forest (RF) 

Figure 9: ACC 2026, Conceptual Design Flow Chart. 

Figure 10: ACC 2026, Bayesian Optimization Flow 
Chart. 
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models offer a promising alternative, trading some predictive accuracy for substantially faster training. 
Therefore, an RF surrogate combined with an Expected Improvement (EI) acquisition function was used in the 
optimization loop. The initial dataset was generated using a quasi-random Sobol sequence to minimize 
discrepancy across the design space. 

 For the optimization, the objective functions in Eq. [1,2] were used, accounting for both the raw score and 
the bonus for payload prediction, while the free variables and their bounds are defined in Table [4]. Each 
optimization round used 10,000–15,000 iterations. Several optimization rounds were conducted: first, to divide 
the design space into subspaces for easier exploration, and then to refine the search by reducing the search 
space. These splits were applied to the engine and propeller parameters, since propeller combinations were 
included as a design variable to account for push-pull configurations with dual propellers. 

Table 4: Conceptual Design Optimizable parameters and bounds. 

Parameter Aspect 
Ratio 

Surface 
Area (𝒎𝟐) 

Cans Airfoil Propeller Engines Flaps Climb 
(o – deg) 

Performance 
(o – deg) 

Type Float Float Int List * List ** Int Int Float Float 
Minimum 6.0 0.55 2 List * List ** 1 0 3 -10 
Maximum 18.0 0.95 18 List * List ** 2 30 10 0 

* A low-Re airfoil list was used, 

** The provided propellers from the organization committee were used 

 

2.7. Results 

After the optimization campaign for the conceptual phase, the 4 candidates in Table [5] were selected for 
further study in the preliminary phase, following a sensitivity analysis of the top 20 from the whole dataset. The 
analysis checked the sensitivity of the candidates’ raw scores to small changes in their payload. The sensitivity 
of the 4 selected candidates to the payload is shown in Figure [11 i)]. Geometric parameters were fixed, the 
number of cans was slightly varied, flight parameters were optimized for each case and the propeller was 
slightly varied among the top options from the dataset, Table [6]. 

Table 5: Selected Candidates from the Conceptual Design sensitivity analysis. 

ID Aspect 
Ratio 

Surface 
Area (𝒎𝟐) 

Propeller 
Combination - ID 

Number 
of Cans 

Distance 
(𝒌𝒎) 

Raw Score Score 

8075 8.798 0.779 15 13 4.922 126.771 994.121 
11723 11.227 0.618 15 12 5.093 125.29 979.965 
5807 9.657 0.776 15 13 4.885 124.881 979.879 
6202 12.304 0.649 15 12 5.068 124.05 970.622 

  
(i) (ii) 

Figure 11: i) Sensitivity analysis results for the top 4 candidates & ii) Top two propeller thrust-velocity curves from [2]. 
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Table 6: Top performing propeller combinations from the optimization dataset. 

Comb.  - ID 5 14 15 16 17 18 19 35 38 57 127 135 

Configuration Pull & 
Pull 

Pull & 
Push 

Pull-
Pull 

Pull & 
Push 

Pull & 
Push 

Pull & 
Push 

Pull & 
Pull 

Pull & 
Push 

Pull & 
Pull 

Pull & 
Push 

Pull & 
Push 

Pull & 
Push 

Propeller 1 10x12 12x8 12x8 12x8 12x8 12x10 12x10 14x8 14x8 16x6 12x6 12x8 
Propeller 2 10x12 10x12 12x8 12x10 12x13 10x12 12x10 12x8 14x8 14x8 14x8 14x8 

 

It is important to note that the presented scores were obtained from the entire dataset, which also 
includes higher-performing solutions that were rejected as less flexible based on the sensitivity analysis. 
Furthermore, the estimated travel distance should be treated as an ideal case scenario due to the inherent 
underestimation of drag in the low-fidelity models used in this design phase. More accurate estimates are 
presented in the preliminary and detailed design sections. 

Additionally, flap deflection and flight-path angle parameters are not presented, as they are strongly 
influenced by environmental and loading conditions and will therefore need to be fine-tuned during flight 
testing. Finally, the airfoil was kept as a free variable in the preliminary phase because the conceptual dataset 
was inconclusive, mainly due to the very low-fidelity aerodynamic models used. 

The best propellers for all the scenarios are presented in Figure [11 ii)]. The best overall is the dual 12x8, 
but dual 14x8 excels at low-speed thrust, suitable if take-off difficulty arises.  

3. Aerodynamic Design  
The conceptual design handled only a limited set of parameters and modeled the aircraft with 2D 

aerodynamics, with several approximations due to the large design space. For the preliminary design phase, 
the design space has shrunk, allowing for greater parametrization and a more descriptive 3D model. The main 
goal of the preliminary phase is to analyze the aircraft’s static and dynamic behavior and evaluate its 
aerodynamic performance. The flight physics used are based on linearized equations of motion about a 
computed trim point, assumed to be at steady-state flight conditions. A custom design tool was developed in 
Python that utilized standard Python libraries and low-fidelity solvers such as AVL and XFOIL. The design tool 
enabled rapid parametric modeling and visualization of any aircraft design based on key input parameters 
defined during the conceptual phase. The main capabilities of the tool include parametric model creation, 
aerodynamic analysis of the aircraft with respect to forces and moments, stability analysis, static and dynamic, 
trim analysis, and verification of the competition requirements. The choice of AVL and XFoil was not arbitrary, 
as these solvers are text-based and offer multiple features for extracting text files. The CLI nature allows for 
easier automation of solver processes, thus enabling faster computations without manual intervention.  

3.1. Parametric Modeling  

Initially, a structured JSON file is defined that contains key geometry, configuration and mass parameters. 
Analytical functions take these parameters as arguments and generate a meshed model for each aircraft 
component. During this process, the JSON file is updated with additional properties that cannot be predefined, 
such as inertia and mass properties, based on the mass estimation module Paragraph [4.1], which are 
required for subsequent processes.  AVL simulations require three unique files – .avl, .mass, and .run files – 
for each aircraft design. These files are automatically created based on the updated JSON file and the outputs 
of the analytical functions used. Python’s PyVista library is used for mesh generation, visualization, and the 

lucas
Texte surligné 



ATLAS – M.ACH   Air Cargo Challenge 2024 - 2026 

15 
 

computation of quantities such as wetted surface area, which are then leveraged for further aerodynamic 
computations. The 3D design tool is shown in Figure [12]. 

 

 

Figure 12: Final aircraft 3D geometry in the design tool. 

3.2. Aerodynamic Analysis 

The aerodynamic analysis module uses AVL and XFoil to compute aerodynamic forces and coefficients. 
The module includes scripts that automate AVL analyses and extract important quantities such as the lift 
coefficient, induced drag coefficient, and spanwise local lift coefficient. It must be noted that aerodynamic 
analyses are implemented for the wing and tail, since the low-fidelity modeling of the fuselage is insufficient. 
The generated AVL files are used in these modules, and AVL simulations are run automatically with these as 
inputs. The extracted lift coefficient is used to determine the total lift force. The total drag is evaluated using a 
coupled AVL & XFoil approach. AVL displays information regarding each spanwise section. For each spanwise 
section, the local lift coefficient is extracted, and the corresponding local Reynolds number is calculated based 
on the local chord and the flight speed. These values are stored and iteratively fed into XFoil to compute 2D 
viscous drag. The total viscous drag coefficient is obtained by numerically integrating the computed sectional 
values using the trapezoidal rule. This process occurs separately for both the wings and the tail. By combining 
the induced and viscous drag coefficients, the wing and tail drag contribution is computed. The fuselage’s drag 
contribution is estimated using the flat plate analogy with an appropriate form factor that is based on the 
fuselage’s fineness ratio [8]. The form factor used Eq. (23) is the Torenbeek – Hoerner equation [8] and was 
selected for its validity for streamlined fuselage shapes and its conservative nature, 

𝐶𝐷0 = 𝐶𝐹𝑃 ⋅ 𝐹𝑓𝑢𝑠𝑒 ⋅
𝑠𝑤𝑒𝑡

𝑠𝑟𝑒𝑓
 (22) 𝐹𝑓𝑢𝑠𝑒 =   1 +

60

𝑓3
+

𝑓

400
 (23) 

𝑓 =
𝑇𝑜𝑡𝑎𝑙 𝑓𝑢𝑠𝑒𝑙𝑎𝑔𝑒 𝑙𝑒𝑛𝑔𝑡ℎ

𝐹𝑢𝑠𝑒𝑙𝑎𝑔𝑒 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
=

𝐿

𝐷𝑒𝑞
 (24) 

 Since the fuselage is not circular but rectangular, an equivalent diameter is computed with the equation, 

where: 𝐶𝐹𝑃 = FLAT plate skin friction coefficient, 𝐹𝑓𝑢𝑠𝑒  = fuselage form factor, 𝑠𝑤𝑒𝑡 = wetted surface, 𝑠𝑟𝑒𝑓  = 
reference surface area (wing), 𝑓 = fineness ratio of fuselage, 𝐴𝐶  = sectional area, 𝑤 = width of rectangular 
profile, ℎ = height of rectangular profile. 

𝐷𝑒𝑞 = √
4

𝜋
· 𝐴𝐶 = √

4

𝜋
· 𝑤 · ℎ (25) 
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3.3. Static Stability Analysis 

Regarding static stability, AVL is utilized to extract stability derivatives and neutral point position. Based on 
the neutral point position and the center of gravity position, computed in the parametric modeling module, the 
static margin is derived and evaluated. The position of the wing’s leading edge is initially approximated based 
on a target static margin for maximum payload. The static margin is evaluated for the approximated wing 
position, and an iterative procedure is implemented in order to converge on the selected target. Upon 
convergence, the static margin is re-computed for the same wing position, but for zero payload, so as to ensure 
proper static margin, according to the competition rules, in both extreme cases. Additionally, rolling and 
directional static stability derivatives are evaluated to ensure adequate flight stability.  

3.4. Trim Analysis  

A procedure for trim analysis is implemented to determine the natural conditions under which the aircraft 
can fly with minimum control surface input. The natural trim is found by coupling AVL- based pitching moment 
equilibrium with force equilibrium. An automated AVL simulation solves the pitching moment equilibrium and 
yields the trim angle of attack. The lift coefficient for the trim angle of attack is then used in the force equilibrium 
in order to solve for the trim velocity. The computed trim conditions are used as inputs in the aerodynamic 
analysis module to evaluate all equilibrium conditions, compare thrust from the Thrust calculation module 
with the drag relation, and confirm that the conditions correspond to a physically correct trimmed flight state.  

3.5. Dynamic Stability Analysis 

A dynamic stability module has also been developed to assess the aircraft 's flight capabilities. The trim 
analysis module provides the trim point around which the equations of motion are linearized. AVL is again 
utilized to solve the equations of motion around the provided trim point and yield the eigenvalues of the five 
distinct flight eigenmodes (phugoid, short period, Dutch roll, roll subsidence, spiral). The eigenvalues are 
plotted in the complex plane and flight characteristics for each mode (damping ratio, time response) are 
evaluated to verify flight behavior. The aircraft is dynamically stable if all eigenvalues have negative real parts, 
apart from the spiral mode. In general, the spiral mode is very slow and typically [9] has a positive real part and 
large time constants. This results in a slow-developing instability that the pilot can easily correct manually 
without posing critical risks. The flight characteristics are based on Level II, Class I flight-quality requirements 
[10]. 

 

Figure 13: Poles of the Dynamic Stability modes for the final aircraft. 

lucas
Texte surligné 
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3.6. Optimization 

Once again, this chapter presented a holistic approach for evaluating an aircraft at higher geometric and 
aerodynamic fidelity. Since new parameters have been introduced, as shown in Table [7], while others from 
the conceptual phase remain free or severely constrained, suitable values must be selected objectively while 
still considering the ultimate objective: mission scoring. Therefore, another black-box optimization problem is 
defined and solved using the same Bayesian Optimization methodology presented in Paragraph [2.6]. Since 
the preliminary aircraft evaluation is conducted at a single cruise operating point, the objective function 
remains the same as before (see Eq. [1,2]), but under the assumption of steady-state flight at the trimmed 
velocity. This allows the traveled distance to be estimated without the additional computational cost of the 
dynamic flight simulation used in the conceptual phase. 

Table 7: Additional parameters for optimization introduced in the preliminary phase optimization. 

Parameter Wing 
Airfoil 

Wing 
Incidence 

[deg] 

Wing 
Dihedral 

[deg] 

V-Tail 
Surface 

[𝒎𝟐] 

V-Tail 
Aspect 
Ratio 

Tail 
Position 

[m] 

V-Tail 
Incidence 

[deg] 

V-Tail 
Dihedral 

[deg] 
Type List * Float Float Float Float Float Float Float 

Minimum List * 0 0 Variable 
Values ** 3 Variable 

Values *** -2 30 

Maximum List * 3 5 Variable 
Values ** 7 Variable 

Values *** 2 47 

* An expanded list of low Reynolds number airfoils is used. 

** 15% to 30% of the wing surface area was used. 

*** From the minimum fuselage length required for payload up to the maximum that fits in the box, with a tail 
boom extension based on the box results for each candidate during the conceptual design. 

Each of the 4 main solutions from the conceptual phase was optimized and compared with the others, and, 
once again, a sensitivity analysis based on payload was conducted. To determine the proper take-off multiplier 
for each candidate and payload, the unsteady-state take-off model from the conceptual phase was used, but 
with the aerodynamics for each optimized candidate from the preliminary code, including flap considerations. 
This leads to the following two tables, Table [8] presents the ideal scenario for the total mass estimation, and 
Table [9] considers a single can increase in structural mass and thus a one can decrease in the payload. 

Table 8: Sensitivity Analysis results for the top preliminary phase solutions, with ideal empty weight. 

Table 9: Sensitivity Analysis results for the top preliminary phase solutions, with worse case empty weight. 

Cand. 
ID 

PAYLOAD CASE 1 PAYLOAD CASE 2 PAYLOAD CASE 3 PAYLOAD CASE 4 

Cans Take 
off [m] 

Raw 
Score Cans Take 

off [m] 
Raw 

Score Cans Take 
off (m) 

Raw 
Score Cans Take 

off (m) 
Raw 

Score 
8075 11 40 81.3 12 40 88.6 13 53 83.5 14 59 89.9 
11723 10 39.5 77.2 11 40 84.9 12 54 80.6 13 59.5 87.3 
5807 11 40 81.2 12 40 88.1 13 52.5 83.4 14 58.5 89.7 
6202 10 39.5 76.8 11 39.5 84.5 12 51 80.1 13 57.5 86.8 

Cand. 
ID 

PAYLOAD CASE 1 PAYLOAD CASE 2 PAYLOAD CASE 3 PAYLOAD CASE 4 

Cans Take 
off [m] 

Raw 
Score Cans Take 

off [m] 
Raw 

Score Cans Take 
off (m) 

Raw 
Score Cans Take 

off (m) 
Raw 

Score 
8075 10 40 73.9 11 40 81.2 11 40 81.2 13 59 83.5 
11723 9 39.5 69.5 10 40 77.2 10 40 77.2 12 59.5 80.6 
5807 10 40 73.8 11 40 80.7 11 40 80.7 13 58.5 83.3 
6202 9 39.5 69.1 10 39.5 76.8 10 39.5 76.8 12 57.5 80.1 
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Note that the raw scores presented in the above tables are significantly lower than those calculated during 
the conceptual phase in Table [5]. This happened because more accurate drag estimations are available, and 
the top speed of each design is smaller. 

3.7. Final Design 

After reviewing the results, we decided that candidates 8075 and 5807 were the best options. Considering 
manufacturing and retractable landing gear, candidate 8075 was finally selected. To finalize the parameters, a 
refinement optimization for candidate 8075 was conducted with tighter bounds than those in Table [7]. The 
final geometrical characteristics can be seen in Table [14], while the mass breakdown of all the major 
components is listed in Table [13]. Moreover, the preliminary 3D design is depicted in Figure [12], and its 
dynamic stability poles are shown in Figure [13]. Finally, all quantities related to its trim, static and dynamic 
stability are available in Tables [10,11,12]. 

Table 10: Trim parameters for the final design. 

Trim Vtrim (m/s) AoAtrim  (o – deg) 
  / 38.12 -0.896 

 

Table 11: Static Stability derivatives for the final design. 

Static Stability Neutral Point from 
Fuselage Nose(mm) 

Static 
Margin % CMa Rolling Static 

Stability indice 
Directional Static 

Stablity indice 
/ 689.657 10.52 -0.588 -0.091 0.043 

 

Table 12: Dynamic Stability derivatives for the final design. 

Dynamic Stability Roll Subsidence, τ  Spiral, τ Dutch Roll, ζ Short Period, ζ Phugoid, ζ 
  / 0.969 -61.21 0.125 0.751 0.049 

 

Table 13: Empty mass breakdown. 

Weights (g) 
 Wing (With Joiner) 985 

Tail 60 
Fuselage 260 

Landing Gear 274 
Electrical 1105 

Total Empty Mass 2684 
Table 14: Summarized aircraft final parameters. 

ATLAS – M.ACH, ACC 2026, Airplane Characteristics 
Empty Mass 2684 g Propeller Aeronaut CAM Electric 12x8 & 12x8 Pusher 
Design Payload 11 Cans - 3850g CG 655mm from Fuselage Nose 
Max Payload 13 Cans – 4550g Dihedral 5o (deg) 
Span 2.612 m – 3pcs Wing Tail Half Span 0.456m 
Length 1.738m Tail Dihedral 30o (deg) 
Wing Planform Area 0.777 m2 Tail Root Chord 0.208m 
Aspect Ratio 8.78 Tail Area 0.149 m2 
Airfoil SD 7090 Tail Airfoil NACA 0008 
Flap Type Split Flap   
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3.8. CFD Analyses 

To obtain a more realistic aerodynamic load distribution in order to validate the Preliminary Design and 
continue to Detailed Design and also for the structural verification of the wing, additional CFD analyses were 
performed in ANSYS Fluent. The purpose of these analyses was not to replace the preliminary aerodynamic 
design workflow based on AVL and XFOIL, but to complement it by providing a pressure field over the final wing 
geometry. This pressure distribution was then exported and used as an aerodynamic load input for the Abaqus 
finite element model. 

The final wing geometry was imported into ANSYS and placed inside an external-flow computational 
domain. The domain dimensions were selected to provide sufficient distance between the wing and the far-
field boundaries, reducing blockage effects and allowing the flow to develop naturally around the lifting 
surface. The inlet boundary was positioned upstream of the wing, while the outlet was placed downstream. The 
remaining outer boundaries were treated as far-field/open-flow boundaries. The wing surface was modeled as 
a no-slip wall. 

The computational mesh was generated with local refinement around the wing, especially near the leading 
and trailing edges, the wing tip, and regions where strong pressure gradients were expected. Inflation layers 
were applied on the wing surface in order to improve the near-wall resolution of the boundary layer. This was 
particularly important because the selected turbulence model requires adequate wall treatment to resolve the 
flow near the surface. The final mesh was checked for skewness, orthogonality, and near-wall resolution before 
being used in the simulation, Figure [14]. 

 

   
(i) (ii) (iii) (iv) 

Figure 14: i) Mesh for the CFD Analysis, ii) Aspect Ratio, Mech Metric, iii) Skewness, Mesh Metric, iv) 
Orthogonal Quality, Mesh Metric.  

The flow was modeled as steady, incompressible, turbulent external flow. A pressure-based solver was 
used because the aircraft operates at low Mach numbers, where compressibility effects are negligible. Air was 
modeled with constant density and viscosity. The inlet velocity was set equal to the selected flight condition 
used for the aerodynamic structural load case, while the outlet was prescribed as a pressure outlet. The angle 
of attack was imposed by aligning the incoming flow direction relative to the wing geometry. 

The turbulence model selected for the simulation was the k-ω model. This model was chosen because it 
is well-suited for aerodynamic flows where accurate prediction of the near-wall boundary layer is important. 
Compared with simpler models, such as Spalart–Allmaras or standard k-ε, the k-ω formulation generally 
provides better near-wall behavior without relying as strongly on wall functions. This makes it appropriate for 
cases where pressure distribution and surface loading are of interest, rather than only global aerodynamic 
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coefficients. In addition, the k-ω family of models performs well in flows with adverse pressure gradients, which 
are expected near the leading edge, trailing edge, and flap or high-curvature regions of the wing. Therefore, it 
was considered suitable for extracting the aerodynamic pressure field required for structural load mapping. 

The governing Reynolds-Averaged Navier–Stokes equations were solved iteratively until a stable solution 
was obtained. Second-order spatial discretization schemes were used for the main flow variables to reduce 
numerical diffusion and improve the accuracy of the pressure distribution. The solution was initialized using 
hybrid initialization, and convergence was monitored through both residuals and integrated aerodynamic 
quantities. The residuals were required to decrease and stabilize, while lift and drag monitors were checked to 
ensure that the aerodynamic forces had reached approximately constant values. 

After convergence, the static pressure distribution on the wing surface was extracted from Fluent. The 
resulting pressure field showed the expected aerodynamic behavior of a lifting wing, with lower pressure on the 
suction side and higher pressure on the pressure side. The largest pressure gradients occurred near the leading 
edge and in regions of higher local flow acceleration. This pressure field was then exported in spatial 
coordinates and prepared for transfer to the Abaqus structural model. Using the CFD-derived pressure 
distribution, the structural model was loaded with a more realistic aerodynamic pressure field rather than a 
simplified uniform or analytically distributed load. 

The main output of this CFD analysis was, therefore, the pressure distribution used for the aerodynamic 
load case in the wing finite element model. The Fluent results were also used qualitatively to confirm that the 
pressure field was physically reasonable and consistent with the expected lift-producing behavior of the wing. 
However, the CFD analysis should be interpreted as a numerical load-extraction procedure rather than a fully 
validated aerodynamic prediction. A complete aerodynamic validation would require a dedicated mesh 
independence study, comparison with experimental data, and simulations at multiple angles of attack and 
flight speeds. 

  
(i) (ii) 

  
(iii) (iv) 

Figure 15: i) Lift Diagram for half airplane, ii) Drag Diagram for half airplane, iii) Wing Pressure Distribution, iv) 
Half Airplane Pressure Distribution.  
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Table 15: ATLAS – M.ACH, Mesh Metrics & CFD Results. 

Mesh Metrics Value Analysis Results Value 
Nodes No. 307714 Drag – Half Airplane 53.82N 
Elements No. 1631243 Lift – Half Airplane 7.48N 
Aspect Ratio 1.8838 Drag - Total 107.64N 
Skewness (Average)  0.24258 Lift - Total 14.96N 
Orthogonal Quality (Average) 0.75598 Velocity & AoA Level Flight – 38m/s 

 

4. Structural Design  
For the structural design of the aircraft, two were the main goals firstly to create a fast and reliable method 

to perform layup sizing of a wing without the help of FEA, which can be used to estimate the wing mass or iterate 
to minimize it and secondly to design light and durable connections of the main components. Both goals are 
very important, the first due to the needs of the design framework developed for the conceptual and preliminary 
phases, and the second due to our team’s experience and lessons from ACC 2024. 

4.1. Composite Wing Sizer 

The developed sizing tool for the wing structural components, including all laminate layups, is based on a 
combination of thin-walled beam theory for bending, shear, and torsion [11,12] and Classical Lamination 
Theory (CLT) [13,14]. CLT can be considered an extension of Love-Kirchhoff plate theory to laminated multi-
layer plates. The different materials and ply orientations produce effective laminate properties, allowing 
thermomechanical analysis under in-plane plate loads, 𝑁𝑥, 𝑁𝑦, and 𝑁𝑠. Failure prediction within the CLT 
framework can be performed using either a First Ply Failure or progressive damage approach. In both cases, a 
failure criterion is required to evaluate the combined effect of the stress components. One such criterion, 
belonging to the Failure Polynomial family, is the EPFS criterion [15,16], which has been shown to provide 
adequate accuracy under combined axial and shear loading. Although originally formulated for unidirectional 
plies, it can be adapted and extended to woven fabrics. 

  
(i) (ii) 

Figure 16: i) I-beam spar case sectional layout for the structural code, ii) C-beam spar case sectional layout. 

The code evaluates the stresses and stiffness of the wing at its most critical section: the wing root, where 
the ratio of bending moment to area moment of inertia is maximized. For the present planform, this remains 
valid because the spanwise reduction in inertia due to chord variation is less steep than the reduction in 
bending moment; therefore, the root remains the critical section. At this section, spar positioning and laminate 
sizing are performed. The procedure for determining the minimum structural weight required for the wing to 
withstand the applied loads is described in the flowchart in Figure [15]. A simple iterative loop is used: if failure 
is detected, appropriate plies are added to the failed layups. After several iterations, the maximum failure index 
drops below 1, and the structure is accepted. 
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Figure 17: Structural sizer code flow chart. 

The variable parameters of the single-case structural sizer and wing mass evaluator include the front and 
rear spar positions, spar flange lengths, I- or C-beam spar configuration Figure [14], skin core thickness, and 
spar web core thickness. The loading cases, including aerodynamic and tip-test loads, planform geometry, and 
material list, are provided externally to the single-case evaluator, which is then wrapped in a grid-search 
algorithm to identify the set of parameters that minimizes structural weight. In this way, a black-box method is 
created to estimate wing mass and center of gravity for the conceptual and preliminary methodologies 
presented in Paragraph [2.2] and [3.1], respectively. The method incorporates the relevant physics and 
mechanics of thin composite structures while also accounting for manufacturing constraints, such as 
minimum and maximum thicknesses and the required space for landing gear, providing highly accurate, low-
cost estimates. 

4.2. Finite Element Models 

 

To more accurately ensure the wing's durability and 
enable spanwise layup optimization, a finite element 
model was developed. All simulations were conducted in 
Abaqus, and the presented results correspond to 
converged solutions. For modeling simplification, most 
wing components were represented using shell elements, 
while 3D solid elements were used for the joiner core and 
its housing in both the root and tip sections of the wing. It 
is important to note the use of reduced-integration 
elements to alleviate shear locking in bending problems. 
The control surfaces were excluded from the model, as 
they carry no significant loads and their removal reduces 
model size and complexity. The image at the left, Figure 

[15] presents the wing structure, including the typical layout and bracing ribs required due to buckling effects 
caused by the high compressive stress field between the spar webs. The spar flanges are embedded within the 
skin layup and are therefore not visible in Figure [15]. 

The boundary conditions were modeled to closely resemble those of the fully assembled aircraft, with x-
axis symmetry in the root section and contact with the fuselage. Finally, two load cases have been considered, 
one for aerodynamic loads with a load factor of 3 and one for the tip test of the fully loaded aircraft. In total, 
11𝑘𝑔 of load were enforced for the first case and 3.6𝑘𝑔 for the second case, localized in the tip. 

The materials used include 25𝑔/𝑚2 and 50𝑔/𝑚2 woven fiberglass (G25, G50), 90𝑔/𝑚2 biaxial carbon 
(CX90), 20mm 80g/m^2 UD carbon tape (CU80), 3𝑚𝑚 and 6𝑚𝑚 foam core (C3, C6). All layup rotation angles 
refer to the fibers' rotation about the global axes. The final layups after some manual iterations are as follows: 

Figure 18: Wing internal structure. 
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✓ Skin: G25(45)/C3/G25(0)/G25(45) 
✓ Ribs: G25(45)/C3/G25(45) 
✓ Spar Webs: G25(0)/CX90(45)/C6/CX90(45)/G25(0) 
✓ Spar Flanges Root section: G25(45)/C3/CX90(0)/6xCU80(0)/G25(0)/G25(45) *including skin 
✓ Spar Flanges Tip section: G25(45)/C3/4xCU80(0)/G25(0)/G25(45) *including skin 
✓ Wing Joiner: CX90(45)/CU80(0)/CX90(45)/CU80(0)/CX90(45) *wrapped around foam 
✓ Fuselage skin: G25(45)/C3/G25(0)/G25(45) 

For the mesh convergence study, 4 mesh densities were used: coarse, medium, fine, and extra fine. The 
study was conducted using wing-tip deflection, and the results are presented in Tables [16,17]. 

Table 16: Tip Load Case mesh convergence.  

Elements U3 ΔU3 Error % 
117465 34.74 - - 
266785 34.63 -0.11 -0.316 
531763 34.71 0.08 0.231 
780493 34.75 0.04 0.115 

 

Table 17: Aerodynamics Load Case mesh convergence. 

Elements U3 ΔU3 Error % 
117465 26.57 - - 
266785 26.5 -0.07 -0.263 
531763 26.51 0.01 0.038 
780493 26.48 -0.03 -0.113 

 

The maximum stress criterion failure index and the vertical displacements for the two load cases are 
presented in the following figure. Note that the failure index results have excluded stress singularities that 
appear due to inaccurately modeling smooth corners as sharp ones. This phenomenon is neither natural nor 
acceptable if these areas are ignored, according to the Abaqus documentation [17]. Finaly, the low maximum 
failure index values are used to account for inaccuracies, statistical effects and manufacturing defects. 

  
(i) (ii) 
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(iii) (iv) 

Figure 19: i) Max stress criterion failure index for aerodynamic load case, ii) U3 displacements for 
aerodynamic load case, iii) Max stress criterion failure index for tip load case, iv) U3 displacements for tip 

load case. 

5. Manufacturing  
This year’s contender was built using the typical hand-layup and vacuum-bag process. The molds for 

every composite part of the aircraft were assembled from 3D-printed parts. Next, the molds were sanded and 
buffed to a smooth finish. Before use, they were treated with multiple applications of release wax. The layup of 
the wing skin was performed in multiple stages to reduce the workload within the resin system's short working 
time.  

Additionally, all the internal structural parts were machined on a CNC machine. 2D milling operations 
were used to produce parts such as ribs, spars, and skin cores, while 3D milling operations were used for more 
complex geometries, such as the cargo mount and the tail fin cores.  

Finally, miscellaneous non-structural parts, such as connectors and mounts, were 3D-printed primarily 
using PETG-CF due to its high tensile and impact strength.   

   
(i) (ii) 

    
(iii) (iv) 

Figure 20: Manufacturing process. 
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6. Electrical  
To prevent accidents and ensure compliance with EU regulations, the competition organizers have 

defined a set of mandatory objectives in the rulebook. The primary objectives related to the electrical 
subsystem of the aircraft, as explicitly specified in the regulations, are summarized below, 

✓ Current limiter: A control mechanism that ensures the current drawn from the battery by the 
propulsion system does not exceed 30 A.  

✓ Voltage supply system: The propulsion system must be powered by a separate voltage source 
from the onboard electronics.  

✓ Radio control and telemetry frequencies: All communication frequencies must comply with EU 
regulations, specifically 2.4 GHz for primary control and 868 MHz for secondary/backup communication.  

✓ Failsafe function: In the event of loss of RC signal or when battery levels reach critical thresholds, 
predefined control surface movements must be executed in accordance with the regulations.  

In addition to these mandatory requirements, several optional objectives were identified to enhance pilot 
performance and improve data acquisition capabilities. These include a flight stabilization module, a ground 
control station (GCS), a data logging system, and a thrust stand setup for propulsion testing.  

6.1. Flight Stabilizer Module 

It is well understood by the team members that using a flight controller (FC) as a fully autonomous system 
is prohibited by the competition rules, however, its use as a flight stabilization system is permitted. Ideally, the 
team would develop a fully custom avionics system integrating stabilization, peripherals, RF communication 
(RC and telemetry), and electronic speed control (ESC). Due to the complexity and development time required 
for such an approach, the team opted to base the aircraft electronics on a commercially available off-the-shelf 
flight controller. 

The selected module is the Pixhawk Black Cube, an STM32-based system equipped with an integrated 
IMU and sufficient computational performance to meet the project requirements. Initially, a dual-flight-
controller architecture was considered for competition flights: one unit dedicated to flight stabilization and 
control, and a second unit dedicated to telemetry and navigation. In this configuration, the primary FC would 
interface with the RC receiver, control surface servos, and ESCs, while the secondary FC would handle 
telemetry, GPS, and an external compass. This approach would provide access to critical navigation data; 
however, it would also increase system weight and power consumption. Consequently, this configuration was 
rejected. 

Instead, the GPS module is utilized exclusively during testing. Two configurations of the Pixhawk system 
are employed, 

✓ Testing Configuration: Includes a GPS module, enabling collection of positional data for post-
flight analysis. In this mode, flight control restrictions are relaxed.  

✓ Flight/competition configuration: Excludes the GPS module in compliance with competition 
rules. This configuration is used during performance flights and competition missions, where the focus is on 
pilot adaptation and validation of overall system performance.  

6.2. Electronics Speed Controllers (ESC) 

The propulsion system utilizes T-Motor FPV F35A 3–6S ESCs with DSHOT1200 protocol and AM32 
firmware. The decision to use commercial off-the-shelf ESCs was based on their reliability and superior current 
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control performance compared to a custom-built solution. The AM32 firmware provides telemetry data, 
including battery voltage, motor current, motor RPM, and ESC temperature. Additionally, the ESC features a 
“brake-on-stop” function to prevent propeller windmilling and an integrated PID-based current-limiting 
mechanism. 

An attempt was made to implement current limiting using the Pixhawk power module in combination with 
LUA scripting, however, this approach proved ineffective due to the low sampling rate, resulting in delayed 
response and throttle oscillations. 

The aircraft employs two ESC units, one per motor. The current limiter is configured to restrict each ESC 
to 15 A, ensuring that the combined current drawing of both motors does not exceed the 30 A limit specified in 
the regulations. 

6.3. Radio Control System (RC) 

The aircraft is operated using a FrSky Taranis 2019 Plus transmitter, equipped with an additional LoRa 
ACCST 868 MHz module, and an R9 FrSky ACCST receiver. The system operates primarily at 2.4 GHz for short-
range communication, while the 868 MHz link serves as a backup in the event of signal degradation caused by 
environmental factors. The pilot controls thrust, ailerons, V-tail surfaces, flaps, and landing gear. No telemetry 
feedback is provided to the transmitter during operation. 

6.4. Ground Control Station (GCS) 

The Ground Control Station consists of a laptop connected to the aircraft via MAVLink-compatible radio 
modules operating at 2.4 GHz. During test flights, the system provides real-time monitoring of GPS, ESC, and 
IMU data. During competition flights, only IMU and ESC data are available, in accordance with the rules. 

6.5. Power Supply System 

The propulsion system is powered by a 3S (11.1 V), 2400 mAh battery with a discharge rating of 30C–40C. 
A separate 2S (7.4 V), 600 mAh battery, along with a UBEC, is used to supply power to onboard electronics and 
servos, respectively. This separation is mandated by the competition regulations for safety purposes. 

The propulsion power circuit is designed to handle high currents, utilizing XT-60 connectors and 12 AWG 
wiring rated for continuous currents up to 60 A. In contrast, the avionics power system employs XT-30 
connectors and 20–24 AWG wiring, suitable for lower current demands. 

6.6. Electrical Bill-of-Materials (BoM – List) 
Table 18: Bill-of-Materials (BoM List) for Electrical Parts that will be used in the airplane.  

Electronic Part No. of Items  Weight per Part (g) Total Weight (g) 
Pixhawk Black Cube 1 pc 74 74 
3S LiPo Battery, 2300mAh 11.1V 75C 1 pc 250 250 
2S LiPo Battery, 900mAh 7,4V 25C 1 pc 42 42 
T-MOTOR AT2814 900 kV BLDC 2 pcs 82 164 
2.4 GHz Telemetry 1 pc 24 24 
T-Motor FPV F35A ESC 2 pcs 63 126 
Servo 8 pcs 17 136 
Futaba-style wiring (~ approx.) 7m - 84 
R9 FrSky ACCST Receiver 1 pc 21 21 
UBEC 1 pc 34 34 

Total (*Including Competition’s Measure Box) 1105 g 
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7. Testing 

7.1. Thrust Stand 

As part of the development process, the team designed and built a custom thrust stand and a dedicated 
application for real-time and post-test data visualization, Figure [18 iii)]. This system measures thrust, torque, 
motor current, voltage sag, mechanical and electrical power, and battery internal resistance. Using this setup, 
the team evaluated various propeller and battery configurations under maximum load conditions for a single 
motor. This allowed validation of manufacturer-provided performance data and comparison with experimental 
datasets from the Organizing Committee – Test Handbook [2]. 

7.2. Material Characterization 

A material testing campaign was carried out to characterize the elastic and strength properties of a CFRP 
material. The characterization of the material is important because it enables us to feed reliable and achievable 
data to our structural FEA models through our manufacturing processes. In order to get the properties of a 
biaxial CFRP, we conducted three types of experiments, featuring five specimens each. We used a 2mm 
laminated plate with an open bracket, 0 degrees close bracket, [0°]20 layup, from which we got the specimens. 
We performed a tensile test at 0 and 45 degrees, giving us the𝐸11, 𝐺12, 𝑛𝑢12, 𝑆11,𝑀𝑎𝑥 and 𝑆12,𝑀𝑎𝑥. Additionally, 
we also tested the response of the composite in compression loading, giving us the 𝐸11𝑐, and 𝑆11𝑐,𝑀𝑎𝑥.  

Table 19: Standards used in each experiment to measure material mechanical properties. 

Experiment Standard Property 
Tension 0° ASTM D 3039 𝐸11, 𝐺12, 𝑛𝑢12 
Tension 45° EN 6031 𝐺12, 𝑆12,𝑀𝑎𝑥 
Compression 0° EN 2850 𝐸11𝑐 , 𝑆11𝑐,𝑀𝑎𝑥 

 

   
(i) (ii) (iii) 

Figure 21: i) Material compression experiment, ii) CFRP plate for test specimens, iii) Thrust stand 
installation. 

8. Payload Prediction 
For payload prediction, a conservative worst-case scenario was selected to safely estimate and declare the 

number of cans to be carried. The declared payload was determined based on the most demanding load case in 
Table [9], assuming a no-wind environment and minimum flap usage. Under these conditions, 10 cans are 
declared, ensuring that the aircraft can safely take off within the required 40 m distance and set the bonus 
calculation condition for the team. This declaration does not limit the design capability, however, since the 
aircraft is still sized to accommodate a maximum payload of 13 cans. 
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9. Outlook 
This technical report has presented the design methodology developed by our team for the competitive 

sizing and evaluation of an aircraft under limited manufacturing capabilities, and available resources. The 
approach represents a practical progression from established aircraft design methodologies, such as those 
presented by Raymer, by adapting classical sizing and performance estimation procedures to the specific 
requirements and constraints of a student competition environment. Through this process, the team established 
a more structured framework for connecting conceptual design, preliminary sizing, performance estimation, and 
manufacturability considerations. 

In the coming months, the project will enter a demanding manufacturing, integration, and testing phase. 
Due to the time invested in developing and maturing the design methodology, the available time for 
manufacturing and experimental validation has been reduced. This creates a critical challenge for the team, as 
the aircraft must not only be manufactured successfully, but also tested, adjusted, and validated before the 
competition. Particular attention will be required during assembly to ensure that the final aircraft remains 
consistent with the results of the design process, especially regarding mass, center of gravity position, structural 
stiffness, and aerodynamic geometry. 

The flight-testing campaign will play a central role in validating the design. The main performance objectives 
to be confirmed are take-off capability and maximum speed. In addition, several flight-related parameters will 
need to be evaluated and fine-tuned. These include flap settings, climb performance, flight path angles, aircraft 
handling qualities, and performance under different payload and loading conditions. The influence of 
environmental conditions, such as wind, should also be considered during testing, since these factors can 
significantly affect take-off distance, climb rate, and overall flight performance. 

Another important task will be the validation of the telemetry system under conditions that resemble the 
competition environment. Telemetry data will be essential for assessing the aircraft’s actual performance, 
identifying deviations from the predicted behavior, and supporting informed adjustments. In parallel, the pilot 
will need sufficient time to become familiar with the aircraft’s handling characteristics, control response, take-
off behavior, and landing performance. This step is critical, since even a well-designed aircraft can underperform 
if the pilot is not fully accustomed to its behavior. 

Looking beyond the current competition cycle, several improvements should be made to strengthen the 
overall design approach for future teams. First, the conceptual and preliminary design codes should be unified 
into a more automated and integrated computational environment. This would reduce manual data transfer, 
limit the risk of errors, and improve the efficiency of future design iterations. Further material testing and 
characterization should also be conducted. More reliable material properties would allow the structural sub-
team to improve its analysis, reduce uncertainty, and make better-informed design decisions. Finally, an 
extensive experimental testing campaign should be organized to develop an in-house database for propulsion 
and aerodynamic performance. This could include thrust measurements, propeller performance 
characterization, and wind tunnel testing of relevant aircraft configurations such as the fuselage. Such a 
database would significantly improve the accuracy of future design predictions and reduce the team’s 
dependence on external or approximate data. 

Overall, the methodology developed in this project provides a strong foundation, but it should be treated as 
an evolving tool rather than a finished product. Its true value will be demonstrated through manufacturing, flight 
testing, and future refinement by subsequent teams. 
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