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1 Introduction

This report details the design, development and performance evaluation of the fixed-wing, radio-
controlled unmanned aerial vehicle (UAV) engineered by Trencalds Team for the 2026 Air Cargo
Challenge competition.

1.1 Objectives and Justification

The primary objective of this project is to develop an aircraft optimized to maximize payload capacity
in the form of cans while covering the greatest possible distance within a fixed 120-second flight
window. Furthermore, the resulting design must strictly adhere to all current competition regulations.

Ultimately, these technical milestones are driven by broader goals: achieving the highest possible
overall ranking in the competition and providing a practical platform to test, validate and enhance
the engineering capabilities of the team members.

1.2 The Awr Cargo Challenge Competition

The Air Cargo Challenge is a biennial university aeromodelling competition established in 2003 by
students from the Instituto Superior Técnico at the University of Lisbon. Rooted in the ’Design,
Build, Fly’ philosophy, the event brings together teams from all over the world to compete with
aeromodels they have developed over the span of nine months. This year’s edition will take place in
Stuttgart from June 30th to July 3rd.

1.3 Trencaldos Team

Trencalos Team is a university association founded in 2006 by students from the ESEIAAT campus
of the Universitat Politécnica de Catalunya - Barcelona Tech. Dedicated to designing, building and
flying unmanned aerial vehicles (UAVs), it serves as a practical learning environment where future
engineers develop skills that reinforce their theoretical studies.

The team debuted at the Air Cargo Challenge in 2007 in Lisbon, Portugal, and has competed in ev-
ery edition since, excluding 2024. That same year, the association expanded its activities to include
the XtraChallenge, organized by the Xtra2 team from the Universitat Politécnica de Valéncia. Fur-
thermore, in 2013, Trencalos established an amateur paper sailplane competition for the university’s
engineering students.

Currently, the team comprises 16 engineering students and two associate professors, one of whom
acts as the pilot. This season, Trencalds Team will compete in both the Air Cargo Challenge and the
XtraChallenge.
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2 Project Management

2.1 Team Structure

The ACC team, composed of aerospace engineering students pursuing either their bachelor’s or mas-
ter’s degrees, has its structure presented in Figure 1. Under the guidance of the professor in charge,
who also assists with piloting, the entire group is dedicated to the design, manufacturing and testing
of the aircraft presented in this report. As can be seen in Figure 1, the team is led by a project man-
ager and divided into four departments: aerodynamics, structures, manufacturing and electronics.
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Figure 1: Team Structure of Trencalos Team for ACC2026.

2.2 Advisors

Throughout the duration of the project, advisory support was provided by former members who
shared their time, knowledge and professional experience. Sincere appreciation is extended to Prof.
Dr. Roger Serra Lopez for his specialized guidance in structures and to Albert Canovas Cots for his
invaluable expertise in aerodynamics. Their contributions have significantly supported the team’s
academic and technical development.

2.3 Organisation and Planning

At the onset of the 2025/2026 academic year, a comprehensive Gantt chart (Figure 2) was estab-
lished to structure the project across its core phases: Conceptual Design, Preliminary Design, De-
tailed Design, Manufacturing and Flight Testing. This schedule integrates specific departmental
tasks (Aerodynamics, Structures, Manufacturing and Electronics) with the competition’s mandatory
deadlines. All project management and collaborative documentation were facilitated through Google
Workspace.

To ensure continuous progress and cross-departmental coordination, weekly briefings were held to
monitor advancements, address technical challenges and define short-term objectives. General as-
semblies convened at critical milestones to finalize key architectural decisions, including wing con-
figuration, fuselage structure and landing gear design. To maintain accountability, all key decisions,
assigned responsibilities and timeframes were strictly documented in meeting minutes.

As illustrated in Figure 2, the overall project timeline spans from August 2025 to June 2026. It
is important to note that the aerodynamic design phase was intrinsically conditioned by the prior
validation of the MAGAPP aerodynamic solvers and actuations.
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Figure 2: Gantt chart.
2.4 Budget

A summarized breakdown of the project expenses, totaling 5,568.44€, is presented in Table 11 within
Appendix A.

2.5 Sponsors and Collaborators

As a non-profit university association, the Trencalos Team relies on a combination of public funding
and corporate sponsorship agreements to finance its operations and facilitate its participation in
international competitions. The logos of the institutions and companies that support the project are
displayed in Figure 3. Support from these partners is received not only through financial contributions
but also via essential in-kind sponsorships, including manufacturing services and raw materials. The
team gratefully acknowledges their vital contributions, without which the successful development of
this aircraft would not have been possible.
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Figure 3: Logos of the sponsors and collaborators of Trencalos Team.



ACC26 Technical Report Trencaldos Team

3 MAGAPP - FMOP design software and methodology

The team’s design methodology heavily relies on MAGAPP, an in-house C++ /Python design plat-
form. The software comprises over 43,000 lines of code and integrates multiple modules to numerically
evaluate the aircraft’s aerodynamics and structural behaviour and performance.

The Trencalos design ecosystem also features FMOP, a multi-objective optimization platform [5]
which automates the search for optimal solutions across one or more Objective Functions (FObj)
to be minimized. It evaluates "individuals" generated from a set of Design Variables (DVs) while
ensuring compliance with predefined constraints (Ctrs). The physical evaluation of each individual is
executed within an ADLL (Algorithm Dynamic Link Library) wrapper. Here, the DVs are assigned
to the individual, the physical parameters are calculated, and the desired metrics are returned to
FMOP as Objective Functions. The optimization ultimately produces a Pareto Front, representing
a set of optimal solutions where no single objective can be improved without degrading another.

MAGAPP’s functions are coupled with FMOP in two primary design methodologies: AeroOpt, for
exploring the aerodynamic and wing configuration design space, and EstruOpt, for the structural
sizing of the wing components.

3.1 AeroOpt

Figure 4 presents a typical flowchart of an aerodynamic optimisation process, illustrating the different
modules, their inputs and outputs, and how they interact with one another.
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Figure 4: Standard aerodynamic optimisation process using AeroOpt methodology.

The first core of the calculation flow is the aerodynamic module. Developed in [3], it implements
an automated mesher and a Horseshoe Vortex Method (HVM) solver using the Weissinger approxi-
mation, fed with 2D polar data to integrate viscous forces along the wingspan. It also incorporates
various numerical corrections, most notably a Gamma correction to refine the Cr, . calculation.

MAGAPP also includes a propulsion module originally based on Mark Drela’s first-order motor
model |7, 8]. However, due to discrepancies between analytical calculations and bench tests observed
in recent competitions, the team has temporarily opted for an alternative strategy. While parallel
efforts to refine the analytical model and explore alternative databases are ongoing, a new routine
was implemented to directly read the experimental data provided by the competition organizers [1].
This approach guarantees higher reliability and inherently accounts for the 30 A current limitation.
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The final primary module in the aerodynamic design framework is the performance module, the first
module ever implemented in MAGAPP, with its full development detailed in [23]. It utilizes numerical
root-finding algorithms to calculate critical performance metrics. Typically, these calculated perfor-
mance outputs serve directly as the optimization’s Objective Functions, as they usually represent or
are closely related to the metrics that maximize the mission’s score.

Finally, additional intermediate calculations may be incorporated into the ADLL, such as mass esti-
mations, payload volume checks, fuselage drag, and geometric constraint verifications. These routines
may refine the evaluation of the objective functions or apply constraints, both imposed by regulations
or internally to ensure robust designs are obtained.

3.2 EstruOpt

Figure 5 presents a typical flowchart of the structural optimization process. While the core optimiza-
tion process retains many of the aerodynamic modules detailed previously, new structural analysis
modules have been incorporated into the workflow. Consequently EstruOpt is initialized once a
converged aerodynamic design is obtained through AeroOpt.
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Figure 5: Standard structural optimisation process using EstruOpt methodology.

Estruopt is based on a FEM implementation of the Euler—Bernoulli beam model in 3D with potentially
different properties and applied loads in each structural section. The model also accounts for wing
geometric effects such as dihedral, torsion, and sweep.

The second major submodel is the Structural Section Calculator, also developed in [2]. This module
computes the cross-sectional properties required by the Euler-Bernoulli beam model. Its methodology
is based on the idealization of the structural sections as assemblies of stringers and thin-walled panels.
In addition, it evaluates the stresses in each thin-walled section, including both compressive and shear
stresses. It also provides basic failure indicators, such as Tresca, Von Mises, and Rankine criteria,
which can be used as a reference for isotropic materials.

To extend the analysis to anisotropic materials, such as most composite materials, a new parametric
three-dimensional FEM module is currently under development. A first working version, developed in
[9], is already available. However, further refinement is required before this module can be integrated
into the overall design process.

In addition, several auxiliary modules are used to compute supporting data, such as material prop-
erties and airfoil geometries from the .dat files provided in [12].
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4 Mission Analysis and Conceptual Design

4.1 Mission Analysis

The 2026 Air Cargo Challenge mission requires transporting the maximum payload of cans while
maximizing flight distance for a given time. The operational profile encompasses ground loading, take-
off, an initial climb, a 120-second distance segment, safe landing and final unloading. Moreover, the
capability of performing a short take-off as well as a rapid load and unloading provides a bonification.

4.2 Mission Requirements

The development of the aircraft is governed by a set of requirements, encompassing both the official
competition regulations and internal constraints self-imposed by the team to ensure the successful
execution of the proposed solution.

Competition Regulations Internal Design Constraints

e Fixed-wing configuration. e Statically and dynamically stable across all
0.350 kg cans payload. payload configurations (empty to MTOW).
Take-off <60 m ( <40 m for bonus). e Rapid payload loading/unloading.
Transport box L + W + H < 1500 mm.
Max two AT2814 900 kV motors.
< 30 A total current draw.
COTS fixed-pitch propellers.
Must pass static load test (fully loaded air-
craft supported at the wingtips).

4.3 Conceptual Design

The primary objective is to engineer a stable and weight-optimized aircraft capable of withstanding
all operational loads while maximizing scoring potential through the payload capacity, speed and
take-off and cargo speed bonuses.

In recent years, significant effort has been devoted to refining the MAGAPP design software, as well
as the D-box structural design and manufacturing techniques. Consequently, the conceptual design
sought to maximize overall mission performance while taking full advantage of the team’s current
design tools and accumulated expertise.

4.3.1 Wing Geometry and Configuration

A standard trapezoidal wing configuration was chosen, as it presents a good balance between sim-
plicity (both in design and construction) and aerodynamic efficiency. Furthermore, it is the primary
model for which MAGAPP’s aerodynamic calculation module was developed. Specifically, a zero-
sweep wing comprising either two or three distinct trapezoidal sections per semi-wing was selected.
This straight geometry allows the main spar to be positioned at approximately 25% of the chord,
maximizing structural efficiency without penalizing aerodynamic behavior, given the low subsonic
nature of the mission. The final decision regarding the exact number of trapezoidal sections is pend-
ing a more detailed analysis of the aerodynamic performance penalties, allowing the team to properly
evaluate the trade-off between aerodynamic efficiency and manufacturing complexity.

Prioritizing efficient payload loading and unloading, a low-wing configuration was chosen. This allows
for a single, unobstructed access hatch on the upper part of the fuselage, significantly facilitating the
payload management process.
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4.3.2 Wing structural Architecture

To achieve the required stiffness with minimum structural mass, several alternatives were briefly
assessed, including a full monocoque wing and a conventional spar-and-stringer arrangement. Nev-
ertheless, the D-box structural concept offers an efficient, lightweight, and cost-effective solution to
withstand the bending and torsional loads acting along the wingspan. Furthermore, this concept has
been extensively validated by the team through previous competition aircraft and dedicated research
projects [10, 15, 16, 17, 22, 24]. Based on these considerations, the D-box concept was selected for
the wing structural design.

The main components of a D-box beam, illustrated in Figure 6, include a main spar composed of a
foam core with top and bottom spar caps, and a reinforced leading edge designed to provide high
torsional rigidity.

4.3.3 Propulsion System

The number of engines was determined through a preliminary study of the thrust-velocity data pro-
vided by the organisation. As shown in Figure 7, twin 15A propeller configurations outperform
single-propeller setups at the 30A limit. On average, a single propeller drawing 30A produces only
about 1.5 times the thrust of that same propeller drawing 15A. Therefore, despite the inherent weight
penalty of an additional motor and the increased control complexity, a twin-engine configuration was
selected due to the substantial gain in overall thrust.
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Figure 6: Internal structural components of the fneldent Specc miel
D-Box wing assembly. Figure 7: Thrust vs. airspeed for single-engine

(30A) and twin-engine (15A) setups.

Among the possible multi-engine configurations, wing-mounted placement was chosen over a fuselage
push-pull setup, allowing for a simpler and lighter tail boom design and avoiding the aerodynamic
efficiency losses that a pusher propeller would suffer by operating within the turbulent wake of a
tractor propeller. The motors are positioned on the central segment to reduce structural loads at the
joints and to allow this first segment to be fixed with zero taper (rectangular planform), ensuring
easier forward alignment of the thrust vectors.

4.3.4 Fuselage

The conceptual design of the fuselage is based on arranging the payload cans horizontally in rows.
This configuration prioritizes a single-piece fuselage construction, effectively eliminating the need for
structural joints that would otherwise be subjected to high load concentrations. Furthermore, the
cargo bay is designed with modularity in mind. In case additional payload volume is required, the
capacity can be expanded through the integration of supplementary modules.
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4.3.5 Empennage

For the empennage, a conventional tail configuration was selected to ensure a high degree of decou-
pling between longitudinal and directional control, providing a robust and well-proven aerodynamic
response. Initially, two distinct manufacturing approaches were evaluated: a D-box laminated struc-
ture, consistent with the main wing design, or a carbon-fiber tubular framework.

4.3.6 Landing Gear

A taildragger landing gear configuration was selected as this layout reduces overall weight by elimi-
nating the heavy nose-gear assembly and reduces runway friction losses by lifting the tail during the
take-off roll.
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5 Design space exploration and reduction

The initial stage of the design process, which encompasses wing planform, airfoil selection, and
propeller matching, was conducted through progressive AeroOpt optimization phases (Section 3.1),
systematically refining the design space and fidelity until converging on an optimal configuration.

The first phase allowed a high degree of freedom across the Design Variables (DVs), including
wingspan, taper ratios, trapezoidal section transition points, runway limits (40 m vs. 60 m), and
propeller and airfoil databases. The optimizer evaluated 43 airfoil candidates, selected with a relative
thickness greater than 9% to provide sufficient inertia to the main spar, and a maximum camber
of less than 7% to prevent premature boundary layer separation and numerical inaccuracies. The
Objective Functions (FObj) were MTOW and cruise velocity, as these directly drive the mission
score.

Evaluating the initial Pareto fronts against the analytical scoring function revealed a clear correlation
between higher scores and larger wing areas. Consequently, the wingspan was fixed at 3.5 m (divided
into five 70 cm manufacturing segments) to achieve the best compromise between aerodynamic per-
formance, structural efficiency, and the transport box constraints. Furthermore, it was observed that
the scoring benefits of a higher MTOW significantly outweighed the bonus points awarded for a short
40 m take-off. Thus, the take-off distance was fixed at 60 m.

Prior to the last optimization stage, the evaluation fidelity was enhanced. New routines were added
to the ADLL to include automated tail sizing (based on volume coefficients), component-based Oper-
ating Empty Weight (OEW) estimations, and semi-empirical drag contributions for the fuselage and
landing gear using Shevell’s approach [13].

With these refinements, the FObj were updated for the final optimization to directly maximize
payload and the newly refined velocity. The DV space was constrained to the four best-performing
airfoils (S9000, S3002, SPICA, and WASP), three propellers (12x6, 12x8, 14x8), root chord, and
geometric tapers. To assess manufacturing complexity trade-offs, multiple wing topologies were
simulated, comparing one versus two trapezoidal sections per semi-wing, and evaluating free spanwise
transitions versus transitions constrained to align with physical manufacturing joints. Independent
optimizations were executed for each configuration-propeller combination, generating the final Pareto
fronts presented in Figure 8.

Three fronts are identified in each subfigure, corresponding to the evaluated propellers. Within the
set of optima, a specific region maximizes the score through a balance between payload and velocity.

PL vs v_max (Score in colour) je7 PL vs v_max (Score in colour) a7 PL vs v_max (Score in colour) j¢7
291 i 3.5 5.5
% 5.4 a
284 @ 30 A &% 30 1
5.2 : 5.0
TUEE = .i t T, £ Y L
& 505 E 28 5§ 281 g
% 261 \'? w5 Ba = as
] ] 1 ] ke
E i 27 o 4 5 &
S 251 8a £ 8 E 26 8
26 4 4.0 Gy 40
4 - 4.6 !
2 \ 251 24 %
23 4 4.4 244 3.5 “ 3.5
5 6 3 a 5 6 3 4 5 6
PL [kg] PL [ke] PL [kg]

(a) One trapezoid per semi-win (b) Two trapezoids (fized structural (c) Two trapezoids (free transi-
(free transition). joint). tion).

Figure 8: Resulting Pareto fronts for the different geometric configurations and propeller options
evaluated during the final optimization stage.
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6 Aerodynamic and propulsive design

6.1 Wing Geometry and airfoil

The selected wing geometry is the best-performing configuration derived from the optimization setup
featuring two trapezoidal sections per semi-wing, with the transition between aerodynamic sections
constrained to coincide with the manufacturing joints of the wing segments. The resulting scoring
penalty due to this constraint has been considered low enough to be justified by the reduction in
manufacturing complexity compared to fabricating individual dual-tapered wing segments.

The chosen configuration utilizes the S3002 airfoil (Figure 9). Its aerodynamic polars are compared
against the other four final candidate airfoils in Figure 10. As shown, the S3002 exhibits a slightly

higher (. alongside a relatively low drag coefficient at the aircraft’s steady-state trim point.
0.1
" (——\\
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Figure 9: S3002 airfoil profile [12].
Lift Curve: CI VS « Drag Polar: CI Vs Cd
2 27
U 15} U 15
g 1 g
2 <
£ I
& 05| r— g 05 $9000
3 S 0 $3002
' 0r SPICA E o SPICA
r WASP
WASP —
05t | | ! . | 05 , . |
10 5 0 5 10 15 20 0 0.05 o 0.15
Angle of Attack, « [deg] Drag Coefficient, Cd
(a) C; vs a curves. (b) C; vs Cq (Drag Polars).

Figure 10: Aerodynamic 2D polars for the candidate airfoils obtained from XFoil at a Reynolds
number of [300.000].

A general view of the wing planform is provided in the blueprints in Appendix D, and its main
geometric and aerodynamic parameters are summarized in Table 1. The wing polars are also attached
at Appendix B.

Furthermore, the spanwise distribution of the local lift coefficient (C;(y)) was verified to provide a
safe margin against stall, ensuring that flow separation initiates at the wing root. Consequently, the
use of twist was discarded, as its implementation would severely complicate the D-box manufacturing
process. Finally, a dihedral angle was introduced, as detailed in Section 6.4.2, to improve spiral mode
stability.

10
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Table 1: Main geometric and aerodynamic parameters of the final wing configuration.

Symbol Parameter

Value

Units

— Symbol Parameter Value Units
— Airfoil S3002  — -
) A Taper Ratio 0.465 —
b Wingspan 3500.0 mm
) 9 A Sweep Angle 0.0 °
S Wing Area 1.079 m ) .
gy Twist 0.0
Croot Root Chord 370.0 mm )
) r Dihedral Angle 35 °
Ctip Tip Chord 172.1 mm )
- ClLoe.  Max. Lift Coeff. 144 —
c MAC 320.4 mm
) Cp Drag Coeff. (26 m/s) 0.011 —
AR Aspect Ratio  11.35 —

6.2 Aerodynamic refinement elements
Wingtips

Although wingtip devices are commonly used to reduce induced drag, technical literature on small-
scale design and team’s flight tests on XTRA25 prototype showed that at low Reynolds numbers, the
increase in parasite drag due to the added wetted area coupled with the structural weight penalty
outweighs the aerodynamic benefits of a winglet. Therefore a clean wingtip design was selected.
Advanced CFD studies and lightweight manufacturing methods exploration are planned to reassess
this trade-off in future iterations.

High-Lift Devices (Flaps)

Another common feature in ACC competitions is the use of flaps to optimize takeoff performance by
either increasing the MTOW and reducing runway distance. However, a successful implementation
requires highly accurate 2D polars to feed the MAGAPP aerodynamic model, alongside a rigorous
mechanical design that ensures system reliability without incurring a severe penalty to the Operating
Empty Weight (OEW). Since this balance between aerodynamic maturity and structural efficiency
could not be guaranteed in the current cycle, a clean wing configuration was maintained. To address
this limitation, bachelor’s theses are currently underway to develop a reliable system for future
iterations.

6.3 Empennage and Control Surfaces

Tail surfaces were sized based on volume coefficients (V}3,V,) with proven performance within the
team [18|, and refined through flight testing of two distinct tail arm length and size configurations.
Control surface sizing was initially carried out by aeromodelling criteria and based on the team’s prior
experiencie, validated via XFLR5([6], and finally confirmed during flight tests. The final empennage
geometry (located at I; = 1120 mm) and resulting control derivatives are presented in Table 2.

Table 2: Empennage parameters and validated control derivatives.

Tail Parameters Value Units Control Derivatives Value Units
Vi, (Horiz. Volume) 0.550 - Crns. (Pitch ctrl) -1.530 rad~!
Sp / by, (Horiz. Area/Span) 0.180 m® /1024 mm | Cj,, (Roll ctrl) 0.318 rad™!
Vi (Vert. Volume) 0.033 - Ch,, (Yaw ctrl) -0.126 rad~!
Sy / by (Vert. Area/Span)  0.110 m®> /500 mm | Incidence (iy, i) 0.0 °

11
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6.4 Stability Analysis
6.4.1 Static Stability

To guarantee the longitudinal static stability of the aircraft, the fundamental criterion of C,, < 0
must be satisfied. The magnitude of this derivative is strictly tied to the Static Margin (SM), which,
according to the team’s historical experience, should be targeted between 15% and 25% for this type
of configuration. The Static Margin is defined by Equation 1.

XNP - Xcg
c

SM = (1)
.5According to the team’s experience [15, 16, 17, 18, 19, 20, 21, 22, 24|, the static margin should
be maintained between 15% and 25%. Consequently, given that the Neutral Point is located at
Xnp = 180.80 mm' and the Mean Aerodynamic Chord is & = 320.40 mm, the Center of Gravity must
be maintained within the range of X, € [100.70,132.74] mm for all possible payload configurations.
Specifically, for the target payload (PL) configuration (the design point), the static margin has been
fixed at 23.5%, setting Xy = 105.4 mm. Figure 11 displays the resulting Cy,-a curve.

Furthermore, the lateral and directional static stabil-
g ity criteria have also been evaluated, verifying that
= the appropriate derivative signs are achieved to ensure
restorative moments. The values were obtained through
XFLR5 simulations and are summarized in Figure 3.

Ifitching Moment vs Angle of Attack
01

o

!
f=1
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Table 3: Static stability derivatives.

Derivative Value (deg™') Requirement

[
(=1
W

Pitching Moment Coefficient, C
=

2 4 6 8 10 12

2 0 -
Angle of Attack, « [deg] Cma (PltCh) —0.0237 <0 (Stable)
. Pitehi _ Ci, (Roll) —7.97-1074 < 0 (Stable)
Figure 11: itching moment coefficient Chy (Yaw) 1.03.10-3 > 0 (Stable)

versus angle of attack (Cy, vs. ).

6.4.2 Dynamic Stability

To ensure flight safety and overall aircraft controllability, the dynamic stability modes were cal-
culated using XFLR5 and are summarized in Table 4, with the Nyquist diagrams being attached
at Appendix B. It can be observed that all modes exhibit a negative real part, meaning they are
dynamically stable (convergent), with the exception of the Spiral mode.

During flight testing of the initial zero-dihedral prototype, the spiral mode exhibited a positive
eigenvalue of +0.112. This corresponded to a characteristic time (time to double amplitude) of
just 6.19 s, which was insufficient for adequate pilot handling. To mitigate this rapid divergence,
the final aircraft incorporates a 3.5° dihedral starting from the first structural joint, reducing the
eigenvalue to +0.0449, extending the characteristic time to a safer 15.45 s.

Table 4: Dynamic stability modes and their corresponding eigenvalues extracted from XFLRS.

Longitudinal Modes Lateral-Directional Modes

Mode Short Period Phugoid Roll Dutch Roll  Spiral
Eigenvalue (\) —14.10+11.937 —0.003+0.518; —48.79 —4.54+10.57¢ +0.045

L All measurements are referenced from the leading edge of the main wing.
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7 Structural design

7.1 DMaterial selection

The structural design integrates both high-performance composite and traditional aeromodeling ma-
terials. This hybrid approach maximizes the specific properties and strengths of each material, aiming
to optimize overall structural efficiency while ensuring a lightweight airframe.

The application of composite materials was prioritized for components subjected to critical stress
states where the strength-to-weight ratio is a determining factor.

e Bidirectional carbon fiber: A 80 g/m? laminate featuring a +45° layup is utilized for the
leading-edge D-box. This material provides superior torsional rigidity and ensures the airfoil
maintains its geometric integrity under high aerodynamic loads.

e Unidirectional (UD) carbon fiber: This laminate reinforces the main spar to absorb max-
imum bending moments with minimal structural deflection.

e Rohacell®) foam: This rigid foam is used as the core material in the main sandwich configu-
ration. Working together with the UD carbon-fiber laminates, it increases the section bending
stiffness and provides the core needed to carry shear stresses.

The aircraft’s primary framework consists of selected timbers chosen for their orthotropic properties
and compatibility with high-precision laser cutting.

e Balsa Wood: Predominantly used for wing ribs and shear webs. Its low density allows for
precise airfoil definition without a significant weight penalty, providing sufficient compressive
strength to support the structural skin.

e Birch and Basswood Plywood: These materials were strategically placed at stress concen-
tration points and structural nodes.

e Pine Wood: Utilized for secondary spar caps due to its favorable modulus of rupture and
controlled elasticity.

For components featuring complex geometries that would otherwise require expensive tooling or
intricate machining, additive manufacturing was employed.

e 3D-Printed ABS: Utilized for highly customized components. It exhibits an optimal balance
between design flexibility, structural strength, and low weight.

The comprehensive list of materials integrated into the final prototype is detailed in Table 5:

Table 5: Material specifications and structural applications.

Category Material Structural Application
Sandwich Cores Rohacell®) 31 IG-F/ 71 IG-F  Spar cores and control surface internals.
UD Carbon Fiber Longitudinal reinforcements and primary spars.
Composites +45° Carbon Fiber Leading-edge D-box for torsional rigidity.
Carbon Fiber Tubes Tail surface primary members and joining mech-
anisms.
Timber Balsa / Pine Ribs, stringers and secondary framing.
Laminates Plywood (Birch/Basswood) Firewalls, mounts and joint reinforcements.
Polymers ABS (3D Printed) Components with complex geometries.
Covering BoPET Structural skin and aerodynamic finish.
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7.2 Wing Design
7.2.1 Design load cases

The wing has been sized to withstand the expected loads dictated by the mission and its requirements.
The static load test imposes an approximate load factor of n = 2 and, since the mission does not
involve aerobatic flight or sharp turns, a coordinated 30° turn with the same load factor was taken as
the most demanding flight maneuver. A safety factor of 2 was applied to the critical sizing criteria:
core cracking, wing stiffness and D-box torsional rigidity.

Skin buckling, which does not correspond to immediate structural failure, was instead verified for
a load factor of 1.2. No additional explicit safety factor was applied in this case and instead, con-
servatism was introduced through the assumptions and simplifications adopted in the calculation
procedure.

Appendix C presents the resulting wing deformation, the loads applied at each wing section, and
the compressive and shear stresses at the root section. These results were obtained with MAGAPP’s
structural module, specifically through the EstruOpt module described in Section 3.2, which is based
on an Euler-Bernoulli FEM formulation for structural sizing and optimization.

7.2.2 Rohacell®) core sizing

Previous experimental work [10] indicated that the Rohacell®) core is prone to sudden shear cracking,
with limited predictability of its onset. Therefore, the core was conservatively sized to carry the
entire shear load using the Jourawski—Colignon shear-stress formulation. The effective core width
was derived from

__ @Sy
B W(y) Ly, @

where @y is the shear force, S.(y) is the first moment of area at the point considered, W(y) is the
effective core width and I, is the second moment of area of the section.

7.2.3 D-box skin sizing and rib spacing

Experimental results in [10] showed that the first failure observed in tested D-box structures was
skin buckling rather than direct material failure under torsional stresses. Therefore, the first method
considered to evaluate this was a semi-empirical model based on the Niu flat-plate equation, (Equa-
tion 3) [11]. To apply it to the curved leading-edge skin, the geometric constant k was corrected
using experimental correlations obtained from the aforementioned tests [10].

oo = u(jf) (Z) 3)

Nonetheless, the Niu equation is only valid for isotropic materials, hence its applicability to the
present +45° carbon-fiber laminate is not adequate. A finite-element approach was also discarded
because developing and validating a reliable model was not feasible within the timeline.

The selected approach was therefore a composite buckling methodology, corrected for panel curvature
and implemented in ElamX [4|. Laminate properties were obtained using Classical Laminated Plate
Theory (CLPT), while the critical buckling load was initially estimated with ElamX’s formulation
for an equivalent flat panel [14]. This estimate was then corrected for panel non-flatness using the
experimental correlation described above. The methodology was coupled with MAGAPP’s structural
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code to compute the compressive stress in each structural region along the span, and these stresses
were used as input for the buckling analysis.

The results yielded a maximum allowable rib spacing of 9 mm, 11 mm and 18 mm for the three
structural segments. This spacing is impractical, as the resulting high number of ribs would restrict
proper assembly access.

Several alternatives were therefore studied to increase local leading-edge stiffness and prevent buck-
ling:

1. Replacing the single leading-edge laminate with a sandwich consisting of a thin bent Rohacell®)
sheet between two carbon-fiber skins.

2. Adding extra carbon-fiber plies to increase laminate bending strength.
3. Adding stringers to the leading-edge skin.

Option 1 was discarded because the need for an alternative stiffening strategy had not been foreseen
and the molds had already been manufactured. Even so, it was considered the most attractive
structural solution, since it offered a good compromise between mass increase and local bending-
stiffness improvement.

Comparing options 2 and 3 was difficult lacking a reliable method to estimate the effect of the stringers
on critical buckling stress, so the decision relied on an equivalent-mass comparison. Adding a second
+45° carbon-fiber ply increased rib spacing only marginally while adding about 20 g per section.
For the same 20 g mass penalty, 44 linear mm of 1 mm-thick birch wood stringers could be added
across the wingspan. The stringer option was then deemed more promising for providing better local
stiffening to the leading-edge skin.

Lastly, for the central wing section, stringer sizing was based on the compressive force acting on the
upper leading edge, which is the compressed side under bending. The calculations indicated that a
single birch stringer of 1 x 1 mm would be sufficient to carry the local compressive load with 20 mm
rib spacing, a much more acceptable value from a manufacturing standpoint. However, because of
the uncertainty associated with this simplified calculation, a two 1 X 1 mm stringer configuration was
finally adopted to introduce an additional safety margin. The same procedure was then applied to
the remaining structural sections. The integration of these stringers into the wing assembly can be
visualized in the technical drawings provided in Appendix D.

It should be noted that a second-order 3D FEM model was not developed for design verification, as
the effort required to build and validate it outweighed the expected mass savings from further spar
optimization. Consequently, these resources were allocated to other project areas.

7.2.4 Carbon-fiber spar sizing

The carbon-fiber spars were sized primarily from a stiffness criterion to preserve the intended shape
and avoid undesirable aerodynamic or structural effects such as wing flutter. Structural strength
was also checked to ensure that no component failed under the design loads, despite not being the
governing sizing criteria. The main objective was to limit wing deformation, since excessive deflection
can compromise aircraft operation even if the structure remains below its failure limits. Based on
the team’s experience [15, 16, 17, 18, 19, 20, 21, 22, 24|, a maximum wing deflection of 5cm during
the competition’s static load test was established as a design requirement.

The different combinations of carbon-fiber layers in the five structural sections were evaluated under
the loads discussed in Section 7.2.1. A multi-objective optimization was then performed using wing
mass and wingtip deflection in the most demanding flight condition as objective functions as explained
in Section 3.2. From the resulting Pareto front, the final spar layup was selected as a compromise
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between structural mass and bending stiffness, yielding six carbon-fiber plies in the inner structural
section, five in the intermediate section and three in the tip section. In all cases, the plies were
applied on both the upper and lower faces of the Rohacell®) core.

7.3 Tail

As previously introduced, two structural approaches were evaluated for the empennage: a D-box lam-
inated configuration consistent with the main wing and a carbon-fiber tubular framework. Following
a comparative weight estimation of both methods, the tubular framework was selected. This decision
was driven by the overarching design philosophy of optimizing the balance between structural mass,
manufacturability, and resource allocation.

The structural sizing of these carbon-fiber tubes was based on the maximum aerodynamic loads
extracted from the XFLR5 flight simulation analysis. A standard ultimate Factor of Safety (FoS) of
1.5 was applied to these operational loads.

The structural integrity was assessed by calculating the maximum bending and shear stresses. The
normal bending stress (o) and the transverse shear stress (7) are governed by the following classical
beam theory equations:

Where M is the bending moment, V' is the shear force, y is the
distance from the neutral axis, () is the first moment of area, ¢
is the material thickness, and I represents the area moment of
inertia.

By comparing the calculated applied stresses against the ma-
terial’s ultimate strength limits in bending, compression, and
shear, the minimum required area moment of inertia (I) was
determined. Consequently, the optimal internal and external
diameters of the carbon-fiber tubes were iteratively selected to
satisfy both stiffness and strength criteria.

Figure 12: Complete CAD
model of the empennage struc-
ture.

7.4 Fuselage

The fuselage structure is composed of a wooden framework featuring stringers and formers, specif-
ically designed to maintain the aerodynamic profile of the fiberglass skin. Due to its open-section
configuration, this skin serves a strictly non-structural purpose. Longitudinal wooden stringers are
implemented and dimensioned to withstand the overall weight and the bending moments induced by
the payload, electronic equipment and empennage. Furthermore, the internal architecture is engi-
neered with sufficient structural integrity to absorb dynamic impact loads during landing operations.

The payload arrangement consists of three longitudinal rows of five cans each. This three-row layout
defines the frontal cross-sectional area and was specifically selected to minimize the overall fuselage
length, thereby facilitating a single-piece construction. Specifically, as illustrated in Figure 15, three
cans are positioned in the forward section, followed immediately by a bay dedicated to the electronic
components, with the remaining payload stowed aft of this compartment.
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Figure 13: Fuselage internal Figure 14: CAD model of the

structure. landing gear arrangement rel-
ative to the main aircraft com-
ponents.

7.5 Landing Gear

Considering that one of the competition’s primary objectives is to lift the maximum possible weight
within a restricted distance, minimizing energy losses during the take-off roll is critical. To achieve
this, the landing gear wheels are equipped with dual ball bearings, to prevent lateral wobbling and
ensure an event load distribution to reduce rolling resistance. These wheels are mounted on a continu-
ous, non-rotating dead axle, which guarantees perfect wheel alignment and prevents camber deflection
under heavy payloads.

Furthermore, the landing gear geometry has been sized to guarantee a sufficient tail clearance angle,
ensuring the aircraft has enough ground clearance to safely pitch up and reach C7,,, during rotation.
Structurally, the gear assembly consists of a carbon fiber fork and axle, paired with 3D-printed ABS
wheels.

7.6 Mechanical Design

The mechanical design is driven by the required transport box constraints, making modular disas-
sembly a mandatory feature. Nonetheless, structural joints constitute critical regions for load transfer
and inherently introduce a weight penalty. Consequently, the number of joints has been minimized
to the strict necessity, with their design prioritizing established concepts of simplicity and overall sys-
tem reliability. The structural integrity of all the individual joints detailed below was subsequently
validated during prototype flight tests.

7.6.1 Wing to Fuselage Joint

Given the aircraft’s low-wing configuration, the fuselage rests entirely
on the central wing segment. This central section incorporates two
pairs of reinforced full-chord ribs that extend through the core of the
main spar. A bolting platform is installed between each pair of ribs,
aligning with a corresponding mount positioned between two fuselage
longerons. The wing and fuselage assemblies are secured together using
four M6 nylon screws. Figure 15: Wing to
fuselage joint.

7.6.2 Landing Gear to Fuselage Joint

The landing gear is attached to the fuselage by means of three M3 bolts inserted from the lower side
into a bolting platform located between the fuselage frames. This arrangement provides a simple
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and lightweight interface between the COTS landing gear assembly and the manufactured fuselage
structure, ensuring straightforward integration and reliable load transfer.

7.6.3 Wing to Wing Joint

The joints between wing sections are based on a spar joiner and joint-box arrangement made of
birch plywood. These components replace the first 125, mm of the main spar’s foam core at both the
section’s root and tip. Each box includes four frames with an inserted tubular housing that ensures
the correct alignment of the carbon fiber spar joiner between adjacent sections, while simultaneously
defining the required wing dihedral angle through the geometry of the joint-box assembly.

Since this region may become structurally critical, the transition between the joint box and the foam
core is reinforced by a laminate applied to the lateral faces, using carbon fiber plies oriented at
+45°/ — 45°.

In addition, a secondary spar joiner is introduced at 50% of the wing span to prevent relative wing
rotation, passing through several reinforced ribs.

Figure 18: FEmpennage junc-
tion boz.

Figure 16: Wing to wing
joint.

Figure 17: Motor joint.

7.6.4 Motor joint

The motor mount is integrated into the joint boxes at the outer ends of the central wing segment,
ensuring minimal disruption to the primary wing structure. The mounting system consists of a carbon
tube positioned chordwise (perpendicular to the main spar) inserted in the joint box’s lateral face.
This tube is aligned and secured by three formers situated between reinforced leading-edge ribs. It
extends forward through the D-box, protruding ahead of the leading edge to support the mounting
frame where the motor is bolted.

7.6.5 Empennage Junction Block

The tail assembly is consolidated into a single plywood central mounting block. This hub features
dedicated housings to receive the tail boom as well as the extended tubular spars from the various tail
surfaces. Additionally, the lower extension of the vertical stabilizer’s rear spar serves as the structural
support for the tail gear, which is positioned directly beneath the mounting block.

In this configuration, the tubeular beams serve simultaneously as the primary structural members
and the joining mechanism for the tail surfaces. The two horizontal semi-stabilizers are connected
via a telescopic design, allowing the left-hand tube to slide into the right-hand counterpart.
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7.6.6 Tail Boom

The structural interface between the empennage and the fuselage utilizes a carbon fiber boom. This
boom is inserted concentrically into receiver tubes integrated within both the fuselage and the tail
junction box, establishing a secure slip-joint connection. Rotational and axial degrees of freedom
are fully constrained using wooden annular collars bonded to the boom and bolted directly to the
aft-most fuselage bulkhead and the forward face of the tail mounting block, functioning as a robust
face-to-face flange coupling.

7.7 Weight and Balance

As outlined in Section 6.4.1, the center of gravity (CG) must fall within the range of Xcg = [100.70,
132.74] mm across all payload configurations to ensure aircraft stability. For the nominal design
payload, the CG is positioned at Xcg = 105.5 mm to achieve the target Static Margin (SM) of 23.5%.
Table 6 presents the calculated weight and balance of the aircraft, while Table 7 details the CG
positions for all payload configurations. It can be observed that the static margin remains within
acceptable limits for practically all payload configurations, with the exception of the 1-can and 0-can
setups. For these specific cases, it would be necessary to add 220 g and 570 g of ballast, respectively,

at x = —269 mm to balance the aircraft within the 15% limit SM.

Table 6: Aircraft Component Mass Breakdown

Table 7: Payload Configurations and Stability

Part Weight (kg) X (mm) Cans Weight (kg) CG X (mm) SM (%)
Main Wing 1.250 142.0 17 9.215 111.5 21.6
Elevator 0.206 1200.0 16 8.865 108.6 22.5
Fin 0.100 1230.0 15 8.515 105.4 23.5
Tail Boom 0.080 700.0 14 8.165 110.9 21.8
Motor 1 0.127 -40.0 13 7.815 107.5 22.9
Motor 2 0.127 -40.0 12 7.465 113.8 20.9
Fuselage 0.445 82.0 11 7.115 104.2 23.9
Landing Gear 0.220 -115.0 10 6.765 111.0 21.8
Electronics 0.050 82.0 9 6.415 113.4 21.1
ESC 0.260 82.0 8 6.065 109.0 22.4
Battery 0.250 82.0 7 5.715 110.0 22.1
Telemetry 0.150 82.0 6 5.365 110.2 22.0
Can row 1 1.050 -27.0 5 5.015 1114 21.7
Can row 2 1.050 -149.0 4 4.665 112.7 21.2
Can row 3 1.050 -269.0 3 4.315 106.6 23.1
Can row 4 0.350 188.0 2 3.965 118.6 19.4
Can row 5 1.050 309.0 1 3.615 156.1 7.7
Can row 6 0.700 446.0 0 3.265 202.3 -6.7
Total Sum 8.515 105.5
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8 Manufacturing

Table 8 summarizes the primary materials utilized across the various aircraft components, alongside
an overview of their respective manufacturing processes.

Table 8: Comprehensive summary of aircraft components, material selection, and manufacturing

techniques.

Component

Material

Fabrication Technique

Wing D-Box

Main Wing Spar

Wing Ribs

Wing Joint
Boxes

Empennage
Cores

Empennage
Structure

Empennage Skin

Fuselage Shell

Motor Mounts

Empennage
Assembly Block

Aerodynamic
Covering

Carbon Fiber
(++45°/-45°)

UD Carbon Fiber &
Rohacell®) Core

Balsa Wood

Birch Plywood & CF

Laminates

EPS Foam
CF Tubes & Epoxy

(Cotton Flocks)

Balsa Wood

Composite Laminate

CF Tubes & Plywood

Basswood Plywood

BoPET (Mylar)

Hand lay-up followed by compression molding. Tooling con-
sists of PLA positive molds (3D printed) used to cast plaster
negative molds within timber formwork.

CNC hot-wire cutting of foam, followed by surface sanding
and X-mesh scarification. Components are bonded via epoxy
hand lay-up.

Laser cutting. Adhered to the spar and leading edge using
epoxy within custom-built assembly jigs to ensure strict di-
mensional tolerances and prevent torsion.

Assembled box structure replacing the foam core at wing
roots/tips. Lateral transitions are reinforced with +45°/-45°
carbon fiber laminates.

CNC hot-wire cutting of the full aerodynamic profile. Non-
essential sections are subsequently hollowed out to minimize
mass.

Carbon fiber tubes are inserted into the hollowed EPS cores
and structurally bonded using an epoxy matrix enriched with
cotton flock filler.

Grain-oriented balsa cladding applied over the EPS core to
significantly increase flexural rigidity and provide smooth sur-
facing for subsequent film covering.

Lay-up process utilizing modular, 3D-printed negative molds
(split horizontally) complemented by CNC hot-wire cut EPS
positive cores for complex geometries.

Carbon fiber tubes inserted through the D-box and bonded to
the joint box and motor mounting plate using epoxy resin.

Precision-cut structural block designed to house the main tail
boom and the secondary structural tubes from the stabilizing
surfaces.

Heat-shrink thermal bonding applied over the entire wing sur-
face (excluding the D-box) and the balsa-skinned tail surfaces.

8.1 Wing

For the fabrication of the main spar, its three primary components are prepared individually prior to
final assembly. First, unidirectional fibers are cut to size and then manually laminated to achieve the
required number of plies for each 70 cm spar section. Simultaneously, the Rohacell®) cores are cut
using a CNC hot wire. These cores require surface sanding and cleaning to seal pores and remove
manufacturing impurities.

These components are bonded with epoxy with a cotton flock filler alongside the corresponding
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joining boxes (Section 7.6.3) for the segment. To enhance adhesion, an X-shaped incision pattern is
cut into the foam to improve epoxy penetration and prevent the upper foam layer from peeling under
structural loads.

The third component is the D-Box. This element is manually laminated with +45° fibers, then cured
and shaped via compression molding using the tooling specified in Section 8.4.1.

Using the assembly jig, all leading-edge ribs are glued to the main spar. These ribs feature a base
extension to increase the bonding area over the foam. Once the ribs are secured, the D-Box is bonded
onto both the ribs and the carbon spars using cotton flock filled epoxy .

The rib bonding process is then repeated for the aft section of the spar, which is constructed using
traditional methodologies. Finally, secondary elements and supports are attached, wiring is routed
and the entire surface is covered with BoPET film.

8.2 Fuselage

The internal framework of the fuselage comprises various plywood components manufactured via
precise laser cutting. The aerodynamic skin is fabricated in two halves utilizing a vacuum-bagging
lamination process within the molds detailed in Section 8.4.

Upon reaching the gel phase of the epoxy resin, the wooden framework is integrated and bonded into
one of the laminated halves. Subsequently, the structure is enclosed by mating it with the second
laminated half while still retained within the molds. This procedure guarantees precise geometric
alignment and optimal structural adhesion. To ensure uninterrupted aerodynamic and geometric
continuity, the entire fuselage length is laminated as a single continuous shell.

Following the curing process, the distinct fuselage sections, such as the front cover and the aft
compartment, are sectioned directly from this monolithic laminate. Similarly, all necessary service
openings and access ports are machined post-lamination. To maintain a flush aerodynamic surface
and ensure a perfect dimensional fit, the extracted skin segments are directly repurposed to serve as
the hatch doors.

8.3 Empennage

All tail surfaces were manufactured following the same process. The procedure begins by cutting
the complete profile from EPS foam using a CNC hot wire. During this step, cavities for structural
elements and partitions for control surfaces are also cut. Carbon fiber tubes are then inserted into the
foam cores and bonded using epoxy mixed with a cotton flock filler. To reduce weight, non-essential
EPS sections are hollowed out, leaving only the leading edge and the necessary ribs.

The resulting structure is sheeted with balsa wood oriented along the optimal fiber direction. This
sheeting increases stiffness and enables polyester film covering without causing heat deformation to
the foam. The rotational contact areas between the fixed and control surfaces are reinforced with
thin plywood strips. Finally, the hinges at these junctions are implemented using adhesive tape.

8.4 Tooling
8.4.1 Wing

The design and manufacturing of the tooling required for the prototype were based on the techniques
developed in [10]. An additive manufacturing approach utilizing PLA 3D printing was employed to
produce the positive molds for the D-box lamination. Aluminum tubes are incorporated to reinforce
these molds, thereby enhancing their structural integrity and operational lifespan. From these positive
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models, negative molds are created using reused recycled wood formwork and plaster as the molding
compound. This technique allows for rapid, independent and cost-effective production.

Additional tooling includes support and assembly jigs. These fixtures ensure the accurate align-
ment and bonding of all components, preventing wing torsion and dimensional deviations during the
assembly process.

e — Y

CEEP £

(a) Molding compound made from recy- —— ' e
cled wood and plaster. (b) 3D printed wing positive molds using PLA.

Figure 19: Wing tooling and mold fabrication.

8.4.2 Fuselage

The tooling required for the fuselage skin lamination is also partially manufactured using 3D printing.
However, the approach differs, since the negative molds are 3D-printed in separable sections to
simplify the demolding process. These blocks divide the fuselage along the horizontal midplane,
resulting in separate upper and lower shell molds. To complement this setup, positive molds are cut
from EPS foam using a CNC hot wire.

8.5 Final Assembly View
Figure 20 depicts the final assembly of the aircraft.

Figure 20: Final assembly of the prototype aircraft.
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9 Electronic Design

9.1 Propeller selection

The optimal aircraft configuration resulting from the final optimization round utilizes a 12x8 pro-
peller. Because the competition’s mission profile does not include an unpowered gliding phase, the
drag-reduction benefits of folding propellers were deemed unnecessary. Among the available 12x8
fixed-pitch options, the APC Electric and APC Electric Pusher variants were selected due to their
low weight and the availability of reverse-pitch models, enabling a counter-rotating twin-engine con-
figuration.

9.2 Static Thrust and Voltage Drop Analysis

This section aims to evaluate the mechanical output and the electrical stability under maximum
continuous load of the propulsion system.

The test was conducted using a test stand to measure the motor’s static thrust while the LiPo battery’s
voltage drop was recorded via telemetry. With the system operating around the 15A regulatory limit,
the obtained results serve to validate the experimental data provided by the organization and crucially
to confirm that the battery avoids any severe voltage drop.

Thrust [N]
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Voltage [V]
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Battery Voltage and Thrust drop test The results in Figure 21 illustrate a steady decline
S T 1 [ ] b in both parameters over the 275-second period. Bat-

13 tery voltage exhibits an initial sag from its nominal

M ’ 12.5V to approximately 11.5V under load and even-

: \M\_’ " tually reaches 10.6V. This electrical decay directly
impacts motor output, reducing static thrust from
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Figure 21: Static thrust and voltage drop. perience abrupt voltage drops during flight
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9.3 Electronic Components

The electronic system is designed in accordance with the regulations. A detailed list is provided
below:

e Motor: As specified in the regulations, the aircraft is equipped with two T-MOTOR AT2814
KV900 motors.

e Battery: following the rules imposed by the regulation, a 3S battery has been selected. A
maximum time (¢) of 240 seconds has been estimated. With a peak current ([,,qz) of 45 A, the
capacity of the main battery is chosen:

1
4=t X Ingz = 240 - - 45000 = 3000 mAh (5)

The final selection is then the Gens ACE Soaring 3300mAh 3S 11.1V 30C.

e Auxiliary Battery: According to the regulations and requirements, the Gens Ace 800 mAh
25 7.4 V 45C LiPo battery has been properly selected.
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e Electronic Speed Controller (ESC): selected to meet the 30 A limitation while maximizing

performance through the implementation of variable timing. The chosen model is the MakerX
Go-FOC DV6s.

e UBEC: 6A Switch-Mode. Provides isolated 6.0V to Corona DS843MG servos, ensuring a high
safety margin and maximum torque without interference from the main power system.

e Servomotors: 4 Corona DS843MG are chosen to fulfill the requirements established by a
torque estimation.

9.4 Electronic Circuit

The electronic circuit comprises two motors, an electronic speed controller (ESC), servomotors, a
receiver, a UBEC and both primary and auxiliary batteries. A conventional JST connector serves as
a bridge to close the circuit upon the connection of a jumper. The layout is illustrated in Figure 22.
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Figure 22: Electronic Circuit Diagram.
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10 Payload Prediction and Performance

Figure 23 displays a regression of the expected payload mass as a function of air density, assuming
an OEW of 3.265 kg. Considering a standard air density in Stuttgart for early July of 1.15 kg/m3,
the predicted can payload is presented in Figure 9. A slightly conservative approach was adopted to
account for meteorological variability, as well as the inherent uncertainties in the calculation methods
and the OEW estimation.

Payload Capacity vs Air Density

—— Expected payload (OEW = 3.265 kg)
5.8 4 @ Predicted payload {p=1.15, PL=5.25 kg)}

Table 9: Predicted Payload.

Payload Mass [kg]

&
' Predicted Cans 15

T T T T T
1.00 1.05 1.10 1.15 1.20 1.25 1.30
Air density p [kg/m?]

Figure 23: Ezpected payload mass as a function of air den-
sity.

In addition to the payload prediction, Figure 24 illustrates the power required versus power available
diagram, while Table 10 presents a brief summary of the aircraft’s core performance characteristics.

,P- Available and P. Required vs. Velocity Table 10: Aircraft Performance Summary.
200 Power Required
Roertvliable Parameter Symbol Value
g 20 Maximum Takeoff Weight MTOW  8.79 kg
> w0 Payload Mass PL 5.25 kg
8 150l
E %0 Number of Cans - 15
a Maximum Speed Vinaz 26.2 m/s
0 Maximum Rate of Climb RCpar  1.301 m/s
C:C. 5 1ID 1I5 20 2I5 3‘0 Speed for Max Climb Vy 15.27 m/s
Velocity, V [m/e] Stall Speed Vitall 9.70 m/s
Figure 24: Power required vs. power available Takeoff Distance ST0 60 m
diagram. Takeoff Speed Vro 11.64 m/s
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11 Outlook

This report represents the culmination of the comprehensive technical design phase for the aircraft.
To date, the project’s progress is highlighted by the successful development and testing of an initial
aerodynamic prototype, which has already completed two successful flight missions. This testing
phase was crucial in validating the selected aerodynamic configuration and assessing the aircraft’s
handling qualities and maneuverability. Furthermore, the data gathered allowed the team to confirm
a high degree of correlation between empirical flight results and the theoretical performance models.

As the project moves toward the 2026 Air Cargo Challenge, current efforts are dedicated to the
construction of the final competition prototype, an iteration that incorporates all the technical spec-
ifications and refinements detailed throughout this report. At the time of writing, significant man-
ufacturing milestones have already been achieved, including the completion of all wing composite
molds and the successful lamination of the structural D-box components.

Upon the completion of the final assembly, the team will initiate a rigorous flight-testing campaign.
This next phase will focus on verifying the structural reliability of the final build and ensuring the
operational consistency of the integrated systems, guaranteeing that the aircraft is fully optimized
for the competition environment in Stuttgart.
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Trencalos Team

A Budget

Table 11: Summarized Budget for the Trencalos Team’s ACC26 participation.

Item Total (€)
Registration & Logistics

Registration Fees 1,050.00
Travel 1,560.00
Accommodation 556.00
Subtotal 3,166.00
Electronics

Propulsion System 361.50
Control Electronics 51.00
Batteries and Wiring 79.00
Subtotal 491.50
Molds and Tooling

3D Printing (PLA) 40.00
Plaster and Molds 8.00
Subtotal 48.00
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Item Total (€)
Construction Materials

Balsa and Plywood 106.20
Composites 1,120.55
Structural Cores 278.38
Hardware and Gear 79.40
Subtotal 1,584.53
Consumables

PPE 59.50
Chemicals / Adhesives 29.91
Vacuum Bagging 85.00
Release Agents 104.00
Subtotal 278.41
TOTAL PROJECT 5,568.44
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B Aerodynamic and Stability Polars

The following figures detail the aerodynamic performance and stability characteristics of the aircraft,
obtained through XFLRS5 simulations at the design point.
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Figure 25: Aerodynamic performance: Lift curve (Cp vs a) and Drag polar (Cp vs Cr,).
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Figure 26: Static lateral-directional stability derivatives: Roll stability (Cy vs ) and Yaw stability
(Cy, vs B).
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Figure 27: Dynamic stability root locus.
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C Structural Response at Cruise Conditions

The following results correspond to cruise conditions, defined by v = 26 ms™! and o = —1°, and
were obtained using the 1D Euler—Bernoulli composite beam code developed in [2].

Figure 28 shows the accumulated load distribution along the wing. This distribution includes the
aerodynamic loads at cruise, the structural self-weight, and the thrust generated by the motors
at y = 0.35 m. The motor contribution is introduced through both the applied force and the
corresponding bending moment.

Avg Mesh Panel Y vs Forces and Moments
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Figure 28: Forces and moments under cruise conditions.
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Figure 29 presents the resulting wing displacements and rotations under the same loading conditions.

Avg Mesh Panel Y vs Displacements and Rotations

—gRARlacgment X | - 0.000
—\Hsglgcement Y
0.0004 — \DJSpléceTrrentz
-=-- Rd{ation X L —0.002
—-—- RotafionY
--- Rotation Z
K L —0.004
.
—0.005 1
E - ~0.006 —
P g
= )
g 2
g r—0.008 ,8
© —0.010 - k&
& 2
a - —0.010
—0.015 r—0.012
- —0.014
00201 [ —0.016

0.00 0.25 0.50 0.75 1.00 1.25 1.50 175
Y Position (m]}

Figure 29: Displacements and rotations under cruise conditions.

Finally, Figures 30 and 31 show the stress distributions obtained at cruise conditions, including the
compressive stress, o, and the shear stress, 7.
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Figure 30: Distribution of compressive stress, o, under cruise conditions.
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Figure 31: Distribution of shear stress, T, under cruise conditions.
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D Drawings

This section contains the technical drawings of the aircraft developed by Trencalos Team for the 2026
Air Cargo Challenge:

1. General 3-View Drawing.
2. Isometric Drawing.

3. Cargo Bay, RC receiver position, position of measuring equipment.

W

. Stringer Position Drawing.

35



927

1743

L/
1
- 3495
- 1084 -

I - — 1 -
e o | LT N
| =] e e e e hal

‘ ‘ |
(=] N
N (=]
= |
\ [
\ (\/ J
== - |1N
— (

172

370

105,5

260

[}

EE

L

=

3
Ny
Aircraft relevant parameters
Value Units
Wing Span 3500 mm
Projected wingspan 3495 mm
MAC 320.4 mm
Wing Area 1.079 mA2
Wing Airfoil S3002
Horizontal Stabilizer A
Area 0.18 m”2
Horizontal S_tabilizer NACA 0010
Airfoil
Horizontal Stabilizer
Volume 0.55
Vertical Stabilizer
Area 0.11 m”2
Verical Stabilizer
Airfoll NACA 0010
Vertical Stabilizer
volume 0.033
TEAM SHEET | DATE b4
sstUPCl ESEIAAT
05 1/4 05/26 TERRASSA

SCALE
1:15

3 View Drawing

TRENCALOS TEAM




UPC ESEIAAT

eoo
eoo
eoo
TERRASSA

SHEET @ DATE

TEAM

2/4 05/26

05

SCALE

TRENCALOS TEAM

ISOMETRIC VIEW

1:8

SOLIDWORKS Educational Product. For Instructional Use Only.



896

841

Telemetry Box

38,5

40,6

A-A

$:sUPC  ESEIAAT

TERRASSA

TEAM SHEET @ DATE

3/4 05/26

05

ESC

TRENCALOS TEAM

s CARGO BAY DRAWING

SCALE

B (2:5)

SOLIDWORKS Educational Product. For Instructional Use Only.



80

Stri 1
ringer Stringer 2 Wing Box Joint

Stringer

60

000
TEAM SHEET | DATE :::UPC ESEIAAT
05 4/4 05/26 TERRASSA

SCALE NOMBRE:
1:2 Wing Joint Box and Spars TRENCALOS TEAM




	Introduction
	Objectives and Justification
	The Air Cargo Challenge Competition
	Trencalòs Team

	Project Management
	Team Structure
	Advisors
	Organisation and Planning
	Budget
	Sponsors and Collaborators

	MAGAPP - FMOP design software and methodology
	AeroOpt
	EstruOpt

	Mission Analysis and Conceptual Design
	Mission Analysis
	Mission Requirements
	Conceptual Design

	Design space exploration and reduction
	Aerodynamic and propulsive design
	Wing Geometry and airfoil
	Aerodynamic refinement elements
	Empennage and Control Surfaces
	Stability Analysis

	Structural design
	Material selection
	Wing Design
	Tail
	Fuselage
	Landing Gear
	Mechanical Design
	Weight and Balance

	Manufacturing
	Wing
	Fuselage
	Empennage
	Tooling
	Final Assembly View

	Electronic Design
	Propeller selection
	Static Thrust and Voltage Drop Analysis
	Electronic Components
	Electronic Circuit

	Payload Prediction and Performance
	Outlook
	Budget
	Aerodynamic and Stability Polars
	Structural Response at Cruise Conditions
	Drawings

