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1. Introduction

1.1. Air Cargo Challenge

The Air Cargo Challenge is an aeronautical engineering student competition held in Eu-
rope every two years [1]. It was first organized in 2003. The main objective of the competition
is to design, build, and fly an unmanned aircraft capable of transporting the maximum pay-
load possible. The aircraft must adhere to regulations that limit the design, which vary with
every edition. The team’s score is determined not only by the aircraft’s flight performance
but also by the evaluation of the technical quality of the project, based on design reports and
drawings.

1.2. UPV and XTRA2 UPV

Universitat Politècnica de València (UPV) is a Spanish university located in Valencia. It
has a focus on engineering and physical sciences, being a top research university in the field
of thermofluids.

XTRA2 UPV is a student team founded in 2018 to compete in the Air Cargo Challenge.
Since then, it has participated in numerous competitions, achieving fourth place in the 2022
Air Cargo Challenge, fifth place in the 2024 Air Cargo Challenge, and fifth place in the 2025
BMFA Payload Challenge. The team has also founded its own competition with a similar
philosophy, the XtraChallenge, whose fourth edition will also take place this summer [2].

XTRA2 UPV aims to provide students with hands-on knowledge on aircraft development,
complementing the theoretical lectures that cover this same topic with a real-world practical
challenge.

1.3. Purpose

This report compiles the team’s effort to develop the XTRA28 - “Lince” model, the air-
craft that XTRA2 UPV will present to the Air Cargo Challenge 2026, held in Stuttgart. The
design approach and techniques employed will be illustrated in chronological order. With
that purpose in mind, this report is divided into eight sections: project management, con-
ceptual design, electronic systems and propulsion, aerodynamics, flight dynamics, aircraft
performance, payload prediction, and structural design and manufacturing.
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2. Project Management

2.1. Team Structure

A selection of 7 of the most experienced members of XTRA2 compose the team with the
task of leading the development and design of the aircraft. In Figure 2.1, the organization
chart of the team is presented. The team consists of Bachelor’s students of the UPV, as well
as a professor in charge, Dr. Pedro Manuel Quintero Igeño.

Carlos 
Sanz

Avionics

Juan
Villar

Diego
Alonso

Aerodynamics

Felipe
Campos

Pilot Structures and 
Manufacturing

Marc
Aragó

Juan Carlos
Juan

Alejandro
Richman

Team Leader

Figure 2.1: Xtra2 UPV ACC Team hierarchy.

2.2. Planning and Schedule

In order to meet the competition deadlines, meticulous planning of time and resources is
crucial. A schedule was drafted at the beginning of the project in August. The diagram in
Figure 2.2, represents the different phases of the development with their respective allocated
duration, together the most relevant milestones.

AUG. SEP. OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY. JUN. JUL.

Team registration

Technical Report Due

Rules published

Preliminary design

Conceptual design

Propeller testing

Detail Design

Manufacturing

Structure optimization

Prototype First Flight

Air Cargo 
Challenge

Manufacturing

Flight testing

Bank Transfer Preliminary Report Due

ESCs Testing

Xtra27 – Technological Demonstrator

Figure 2.2: Gantt organization chart.
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Technical Report 2 Project Management

2.3. Sponsors and Collaborators

Generación Espontánea: It is an educational program of
the UPV. Through assessment and funding, it seeks to promote
student initiative by helping and providing resources for a large
array of student groups interested in participating in competi-
tions. During the 2025/2026 academic period, it has provided
XTRA2UPV with 8,760 € to support XTRA2’s proper func-
tioning, with which materials and tools were acquired.

Escuela Técnica Superior de Ingeniería Aeroespacial
y Diseño Industrial: It is a department of the UPV that spe-
cialises in mechatronic and aerospace engineering. It is in charge
of imparting, amongst others, the B.Eng. in Aerospace Engi-
neering. It has provided 2,300 € to cover the cost of shipping
and flights for the team members to the competition.

Siemens: A multinational technology conglomerate, it pro-
vides the team with much-needed analysis softwares such as
StarCCM+, or NX. It provides the team with licences to its
software, valued at 500,000 €.

2.4. Financial Summary

The project’s economic value is depicted in Table 2.1.

Electronics Cost
Brushless motors 89.98 €
ESCs 165.98 €
Batteries 93.68 €
Servomotors 269.40 €
Cabling and others 115.95 €
Subtotal 734.99 €

Material Cost
Carbon fiber 871.19 €
Other fibers 84.53 €
Divinycell core 74.83 €
Subtotal 1,034.55 €

ACC logistics Cost
Registrations 1,050.00 €
Travel 3,400.00 €
Accommodation 1,300.00 €
Subtotal 5,750.00 €

Consumables Cost
Structural adhesive 100.00 €
Steel and titanium screws 70.91 €
Machinable boards 2,852.86 €
Tapes and glue 39.97 €
Vacuum products 94.87 €
Surface finishing consumables 190.00 €
Epoxy resin 200.00 €
Subtotal 3,548.61 €

Accessories Cost
Propellers 18.10 €
Rods, hinges, linkages 164.60 €
Subtotal 182.70 €

Summary Cost
Materials 5,500.85 €
ACC logistics 5,750.00 €
Subtotal 11,250.85 €

Table 2.1: Cost breakdown.

4 Team 02 - Xtra2UPV



3. Conceptual Design

3.1. Mission Analysis

Following the publication of the ACC2026 regulations, the team conducted a thorough
analysis of the mission requirements and their implications for the design. The key constraints
are listed below:

■ Fixed-wing aircraft; no rotating lifting surfaces.
■ One or two T-Motor AT2814 900KV motors (two motors are a new ACC2026 allowance),

total current limited to 30A, with free propeller selection.
■ Aircraft and tools must fit within a transport box (sum of dimensions ≤ 1500mm).
■ Payload: standard 33 cl cans of 350 g, fully enclosed and non-contacting.
■ Self-announced take-off runway: 40m (+15% score bonus) or 60m (neutral); exceeding

the announced distance scores zero.
■ Raw score scales as mpayload · l2distance: both terms matter, and structural and manufac-

turing constraints make finding their optimal balance the central design challenge.

A visual summary of the mission is shown in Figure 3.1.

Take-off Climb Cruise Landing

60 s0 s

120 s

180 s Time

200 m

Figure 3.1: Visual representation of the flight.

Within the previous requirements, an aircraft-design software was developed for the opti-
mization of parameters with the competition criteria. This tool allowed the team to evaluate
hundreds of different configurations, iterating different wing geometries, airfoils, and payloads,
to determine the optimal configuration.

3.2. Preliminary Design

Optimizing the distance travelled within 120 seconds and the payload carried leads to
opposing aerodynamic design trends. Therefore, a correct balance between speed and payload
capacity is required in order to maximize overall competition performance.
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Figure 3.2: Preliminary normalized compe-
tition score as a function of wing aspect ratio
(ARw) and surface area (Sw).

The custom design tool was pro-
grammed with a panel method aerody-
namic solver with a viscous drag inter-
polation model. This approach provided
a more representative estimation of aero-
dynamic performance than purely inviscid
methods, while avoiding the computational
cost of fully viscous CFD simulations. Nev-
ertheless, given the inherent limitations of
the panel method, the results obtained at
this stage were considered indicative and
solely as a basis for wing geometry defi-
nition prior to higher-fidelity methods, as
detailed in Section 5.

The tool systematically iterated several
combinations of wing surface area and as-
pect ratio, producing a performance map,
represented in Figure 3.2, that correlates
these geometric parameters with the ex-
pected competition score. The primary ob-
jective of this pre-design study was to find
the bounds of the feasible design space and
establish a target range for Sw and ARw,
rather than to yield a final configuration.

From this analysis, the design space was
substantially reduced, enabling subsequent
efforts to be directed towards the detailed
definition of the wing planform.

Figure 3.3: Preliminary conceptual design.

Initially, once the desired wing surface
area and aspect ratio ranges were defined,
the wing position was selected. A low-
wing configuration was chosen, as it favors
takeoff performance through ground effect,
while also providing enhanced maneuver-
ability, a key factor during the course seg-
ment of the mission. Additionally, since
the mission involves covering the greatest
possible distance in the shortest time, a V-
tail configuration was considered ideal to
reduce the wet surface and minimize air
resistance. Finally, a wide-section fuselage
was chosen, as the payload of cans will be
loaded in pairs along the cargo bays. The
resulting design is shown in Figure 3.3.
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4. Electronic Systems and Propulsion

4.1. Prior Considerations

Electronic component selection was guided by theoretical analysis and experimental bench
testing. The competition regulations establish a set of fixed components common to all par-
ticipating teams. The designated motor model is the unmodified T-Motor AT2814 900KV,
while the propeller selection remains unrestricted. A maximum current draw of 30A is im-
posed on the power system, with scoring penalties applied for exceeding this limit. Up to 3
cells in series (3S) are allowed, with a maximum voltage of 12.6 V.

A notable change in the ACC2026 regulations is the freedom to use two motors instead of
one, opening new design possibilities for the propulsion system. This led the team to inves-
tigate the relative merits of single and dual-motor configurations, in addition to evaluating
multiple propeller models and three different ESCs. The sections below present the outcome
of this investigation.

4.2. Propeller Selection

Since the motor is fixed for this edition, it was necessary to find matching propellers
for the T-Motor AT2814 900KV. By inspecting the testing data provided by the organizers
[3] and following an in-house study, the team opted for a twin-motor configuration. This
proves to be, at least for some propellers, a more efficient option, as it pushes the motor’s
operating point closer to the maximum efficiency region, as shown in Figure 4.1. This chart
can be obtained from the manufacturer’s data after some processing. Reference data for the
parabolas representing each propeller can be found in refs. [4, 5], as well as from T-Motor.
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Figure 4.1: Torque–speed map for the T-Motor AT2814 900KV at
11.1V (3S). The color scale represents the motor’s electromechanical
efficiency. Propeller curves are shown under static conditions (null
airspeed, V = 0).
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Technical Report 4 Electronic Systems and Propulsion

With each motor drawing up to 15 A of current, the total current draw remains within
the 30 A limit. This defines a rather restrictive constraint: a maximum input electrical power
of roughly 165W per motor. A study was therefore conducted to determine which propellers
performed best within this constraint.

Figure 4.2 shows the results of the testing campaign conducted by the team, as well as
the wind-tunnel test stand used for dynamic thrust measurements. After testing over 25
propellers, the final candidates were the 11×8, 13×8 and the 14×8, as they showed a good
balance between thrust in static conditions and at cruise.
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Figure 4.2: Propeller selection: experimental results and test setup.

Table 4.1 summarizes the measured performance. The 11×8 achieves the highest thrust-
to-power ratio at cruise while maintaining a competitive static thrust, making it the best
overall match for the twin-motor power budget.

Propeller Static Thrust
(N)

Thrust-to-power ratio
(static, N/W)

Cruise Thrust
(N)

Thrust-to-power ratio
(cruise, N/W)

11×8 10.24 0.0615 2.15 0.0129
13×8 9.46 0.0568 1.91 0.0115
14×8 10.84 0.0651 1.23 0.0074

Table 4.1: Thrust performance of candidate propellers. Static val-
ues correspond to V = 0, while cruise values are taken at 100 km/h.
Efficiencies are computed with a nominal per-motor input power of
166.5W (3S, 11.1V, 15A).

Additionally, a counter-rotating variant of the 11×8 was available, enabling opposite-
direction rotation on each motor (CW/CCW). This counters the net reactive torque and
eliminates the differential yaw moment otherwise present in co-rotating twin-motor layouts.
The 11×8 was therefore selected for both motors.
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Technical Report 4 Electronic Systems and Propulsion

4.3. Avionics

4.3.1. Electronic Speed Controller (ESC)
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Figure 4.3: Thrust difference relative to the
T-Motor AM66A for the Aeronaut CamCarbon
11×8 propeller.

The T-Motor AM66A was selected
in ACC2024 for its well-tuned current-
limiting and battery voltage reporting.
Two alternatives were benchmarked to de-
termine whether a higher-thrust ESC ex-
isted: the VESC Edu and the YGE LVT65.
As shown in Figure 4.3, thrust differences
are small across the full speed range; at
cruise, the T-Motor performs marginally
better than both alternatives. The T-
Motor AM66A was therefore retained un-
changed; its current-limiting feature is the
active mechanism enforcing the 15A per-
motor regulation in flight.

4.3.2. Battery System
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Figure 4.4: Battery voltage vs. time for both
configurations discharged at 30A.

Two configurations already character-
ized by the team were evaluated: a single
Gens Ace Soaring 2700 mAh 3S 30C pack,
and the parallel combination of two Tattu
Funfly 1300mAh 3S 100C packs. Both
were discharged at the regulated peak cur-
rent of 30 A and their battery voltages were
recorded throughout. The time histories
of these values are shown in Figure 4.4.
The parallel configuration sustains a higher
mean battery voltage and a lower voltage
drop under load, directly translating into
additional available thrust at every point
in the mission, or longer flight times.

The minimum capacity required to
complete the mission with a 10% safety
margin is given by:

qmin = 1.1 · tmission · Imax = 1.1 · 220

3600
· 30 000 = 2017mAh (1)

where tmission = 220 s covers the full mission (take-off, climb, cruise, and landing), and
Imax = 30A is the regulated current limit. The parallel configuration provides 2600mAh
of nominal capacity, a 29% margin above Equation (1), while keeping the per-pack discharge
rate well within the cells’ rating. A separate auxiliary supply powers the receiver and control
electronics, isolating them from the powertrain as a safety feature.
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Technical Report 4 Electronic Systems and Propulsion

4.3.3. Servomotors and Receiver (Rx)

KST X08H Plus servomotors were selected for their compactness (9 g), metallic gears, and
reliability. They provide a maximum torque of 5.3 kg·cm at 8.4 V, meeting the requirement
computed via the empirical Equation (2) [6]. In this calculation, cf is the chord of the moving
surface in cm, bf its length in cm, V stands for the airspeed in m/s, δf represents the deflection
of the given surface, and θservo is the operational range of the servo from the neutral point.

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

tan(θservo)
[kg · cm] (2)

The receiver of choice is an 8-channel RadioMaster ExpressLRS ER8GV, selected for its
reliability and compatibility with the RadioMaster TX16S transmitter used by the team.

4.4. Circuit

Figure 4.5 shows the layout of all electronic components used in the aircraft. Two servos
actuate the tail’s moving surfaces, two move the flaps and two control the flaperons. Both
motors are exposed to the airflow and securely fastened to their respective mounts. Each ESC
is placed close to its corresponding motor to minimize cable length and power losses. The
batteries, receiver, and auxiliary battery are housed in the central fuselage section, near the
wing. Lightweight cables are routed along the shortest available path, with MPX connectors
allowing straightforward assembly and disassembly.

Receiver
Servo
Motor
ESC
Battery
Telemetry box
Low-current wire
High-current wire

Aux.
Rx

B
at

.1

B
at

.2

Figure 4.5: Electronic circuit diagram.
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5. Aerodynamic Design

5.1. Airfoil Design

The airfoil selection was initially approached by developing a morphing module guided by
a performance scoring criterion. The airfoil geometry was parameterized using Bézier control
points, reducing the degrees of freedom in its geometric representation. Figure 5.1 shows a
NACA 3412 airfoil defined by 6 control points. Gradient-based optimization of the control
points yielded the morphed airfoil shown on the right in Figure 5.1, though the process was
limited by XFOIL’s viscous drag estimation capabilities.
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Morphed Airfoil

Figure 5.1: NACA 3412 airfoil approximation using Bézier curves
and a custom airfoil generated using the morphing module.

Subsequent higher-fidelity CFD analysis (FVM) revealed the significant influence of lam-
inar boundary layer behaviour and transition modelling, ultimately favouring low-speed spe-
cialized airfoils. This led to the selection of the AG44ct-02f and the symmetric NACA 0006
for the main wing and tail surfaces, respectively (Table 5.1 and Figure 5.2).

Main wing
AG44ct -02f

Tail
NACA 0006

Table 5.1: Airfoil selection.
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Figure 5.2: Airfoil 2D lift coefficient curves.

Thickness Position Camber Position
AG44ct-02f 7.3% 24.6% 1.9% 34.4%
NACA 0006 6% 29.03% 0% 0%

Table 5.2: Airfoil Selection Geometric Characteristics.
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Technical Report 5 Aerodynamic Design

The AG44ct-02f offers additional advantages specific to competition model planes. The
design of the trailing edge and the position of the hinge allow for a smooth, flat upper side
flow in cruise, and a flat lower side flow with a −2◦ deflection for speed or penetration flight.

5.2. Main Wing Design

Once the range of wing surface area and aspect ratio had been narrowed down based
on the preliminary study, the wing planform selection was carried out using the Oswald
efficiency factor as the optimization criterion, aiming to minimize induced drag. Four of the
best-performing planforms are shown in Figure 5.3.
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Figure 5.3: Comparison of the four wing planforms and their Os-
wald efficiency factors (e).
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Figure 5.4: Round score variation with re-
spect to wing surface.

Each candidate was evaluated, and the
first variant was selected as the optimal
planform. A brief parametric study of the
score as a function of the wing surface area
(Sw) was then performed using CFD simu-
lations in order to validate the preliminary
results.

As shown in Figure 5.4, the estimated
maximum performance score occurs at
lower wing surface areas than those pre-
dicted by the panel method with viscous
interpolation. This analysis ultimately led
to the selection of the final wing config-
uration, the key dimensions of which are
presented in Table 5.3.
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Figure 5.5: Main wing geometry.

Sw (m2) bw (m) cw (cm) λw Γw1 (◦) Γw2(
◦) ARw

0.650 2.38 28.4 0 0 2 8.77

Table 5.3: Main wing characteristics.

5.3. Empennage Design

A V-tail configuration with a 40◦ dihedral angle was selected to provide simultaneous pitch
and yaw control while reducing overall weight and aerodynamic drag. Several variants of this
configuration were studied, all ensuring longitudinal stability and proper trim, with the final
selection illustrated in Figure 5.6.

St(m
2) bt(m) ct(cm) λt Γt (

◦) ARt

0.11 0.625 18 0 40 4.57

Table 5.4: Final tail characteristics.

.
*
§

(a) Front view.

,
*
+

(b) Top view.

Figure 5.6: Final tail geometry.
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5.4. Propeller Effects

To evaluate the influence of the propeller on the aerodynamic coefficients of the wing, a
Moving Reference Frame (MRF) approach was implemented in a CFD study. This method
was selected as a compromise between computational cost and solution accuracy. The results
of this study are shown in Figures 5.7 and 5.8.
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(a) Original lift distribution of the wing.

0.00
0.02
0.04
0.06
0.08
0.10
0.12

C
D

0 2 4 6 8 10 12 14
α (◦)

0.0
0.2
0.4
0.6
0.8
1.0
1.2

C
L

CL, wing
CL, wing+prop.

CD, wing
CD, wing+prop.

1
(b) Effect of inward-rotating propellers on the
wing’s lift and drag coefficients.

Figure 5.7: Influence of the propellers on wing aerodynamic perfor-
mance.
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1Figure 5.8: Impact of propeller rotation direction on wing lift dis-
tribution at two different angles of attack.

As observed in Figure 5.8, the direction of rotation of the propeller determines which side
of the wing experiences upwash and which experiences downwash, the latter corresponding
to the side where the blade moves downward. On the upwash side, the local angle of attack
exceeds the freestream value, causing that region to reach stall earlier than in the propeller-off
case.

Since stall initiates at the wing root, an outward-rotating propeller setup induces upwash
over that region, promoting an earlier stall onset. An inward-rotating propeller configuration
is therefore the optimal configuration, as it generates downwash over the root instead, keeping
the local angle of attack below the freestream value and thereby delaying stall in that region.
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5.5. Fuselage Design

The fuselage was designed primarily to accommodate the required payload volume, with
aerodynamic efficiency as a secondary constraint. Since the central geometry was largely
dictated by the cargo space requirements, only the nose and the aft section connecting to the
tail were subject to aerodynamic optimization.

Design region Fixed region

Figure 5.9: Fuselage design regions.

For one of the fuselage variants studied (Variant 1), the surface was further refined using
the adjoint method in Star-CCM+, a computational approach that efficiently provides sensi-
tivity information for shape optimization, enabling systematic drag reduction while satisfying
the required structural and manufacturing constraints.

The remaining fuselage configurations were independently designed through manual ge-
ometric modifications, without resorting to automated optimization. These variants were
developed to explore alternative design choices and to serve as a basis for comparison with
the adjoint-based result. All fuselage geometries are illustrated in Figure 5.10.

Variant 1

CD0 CL0

8.768E-3 4.451E-3

Variant 2

CD0 CL0

9.286E-3 13.345E-3

Variant 3

CD0 CL0

9.068E-3 7.091E-3

Figure 5.10: Different fuselage geometries with aerodynamic coef-
ficients.

Even though Variant 2 showed a higher CL0, it also produced noticeably more drag than the
other variations at higher angles of attack, and was therefore discarded. For a mission where
velocity is critical, minimizing drag is essential. For that reason, Variant 1 was subsequently
chosen for its lower aerodynamic resistance.

5.6. Complete Aircraft

To summarize the aerodynamic design, this section concludes with the presentation of
polar plots (Figure 5.11) and the equations defining the linear aerodynamic range. As it will
be discussed in Section 6, the take-off constraint proves to be the most restrictive design driver,
which motivated the adoption of a flaperon configuration. Accordingly, aerodynamic data for
the selected flaperon deflection is provided, offering a complete overview of the aerodynamic
characteristics of the final design.
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(b) Aerodynamic efficiency as a
function of angle of attack.

Figure 5.11: Aerodynamic performance.

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
y/b

0.00

0.25

0.50

0.75

1.00

1.25

C
`

α = 0◦ α = 5◦ α = 7◦ α = 9◦

1
Figure 5.12: Lift distribution of the complete aircraft.

The propeller slipstream effect has a noticeable impact on the aerodynamic performance
of the aircraft, leading to a significant increase in aerodynamic drag, as reflected in the
expressions below.

Without propeller slipstream effect

CL = 0.157 + 5.15 · α

CD = 0.0195 + 0.0827 · (CL − 0.205)2

With propeller slipstream effect

CL = 0.162 + 4.86 · α

CD = 0.0337 + 0.111 · (CL − 0.165)2

16 Team 02 - Xtra2UPV



6. Flight Dynamics

This chapter examines the dynamic response of the aircraft and describes the stability
modes, including stability and control derivatives, as well as the trim settings required for
level flight.

Furthermore, it will address payload configurations ranging from 0 to 9 cans, the latter
corresponding to the primary design point. Nevertheless, configurations accommodating a
higher number of cans will also be examined. As shown in the constraint diagram of Figure 6.1,
the predominant limitation is imposed by the takeoff constraint, which is notably sensitive
to wind conditions, a factor that significantly influences the achievable payload. Therefore,
should environmental conditions prove favorable, an increase in MPL will yield an improved
score, as will be demonstrated in Section 8, regarding the Payload Prediction.
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Figure 6.1: Constraint diagram with the design restrictions.

The constraint equations employed, derived from [7], are presented in Equations (3) to (5):(
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6.1. Weight Distribution

An initial weight distribution is required for the empennage sizing process. Based on the
manufacturing experience of the team, the estimated weight breakdown of the various aircraft
components is provided in Table 6.1.
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Part xCog (m) yCog (m) zCog (m) Mass (kg)
Wing 0.131 0 0.008 1.024
Tail 1.338 0 0.183 0.090

Engine 1 & 2 −0.030 ±0.310 0 0.216
Main Wheel Landing Gear 1 & 2 0.050 ±0.170 −0.160 0.070

Main Wheel Strut 0.060 0 −0.100 0.090
ESC 1 & 2 0.040 ±0.310 0 0.186

Main battery 1 & 2 0.060 ±0.02 0.020 0.226
Servo Tail 1.380 ±0.007 0.080 0.016

Servo Flaps 0.170 ±0.250 0.005 0.012
Servo Ailerons 0.170 ±0.400 0.005 0.012

Receiver 0.280 0.050 0 0.012
Telemetry box 0.066 0.000 0.085 0.150

Fuselage 0.130 0 0.058 0.700
Cargo bay structure 0.167 0 0 0.113

OEW (0 cans) 0.167 0 0.022 2.917

MTOW (9 cans) 0.15 0 0.027 6.07

Table 6.1: Estimated weight distribution, measured from the lead-
ing edge, with positive values directed towards the trailing edge.

Configuration xCog Static Margin W/Sw

(m) (%) (kg/m2)
0 cans 0.167 5 4.49
9 cans 0.150 10.5 9.09
14 cans 0.099 26.7 11.5

Table 6.2: Main Characteristics for a hiatus of 1.223 m and a neutral
point at 0.183m behind the wing’s leading edge.

6.2. Aerodynamic Derivatives

The main aerodynamic stability and control derivatives are presented in Tables 6.3 and 6.4,
along with the sign criteria that determine a statically stable configuration. The analysis was
conducted using XFLR5, a software based on the Vortex Lattice Method (VLM), covering
both longitudinal and lateral-directional stability derivatives.

Configuration Cm,α Cn,β Cn,p Cn,r Cl,β Cl,p Cl,r

Desired values < 0 > 0 < 0 < 0 < 0 < 0 > 0
0 cans −0.41 0.097 −0.040 −0.10 −0.055 −0.52 0.10
9 cans −0.74 0.010 −0.019 −0.10 −0.053 −0.52 0.075
14 cans −0.57 0.098 −0.026 −0.10 −0.053 −0.52 0.085

Table 6.3: Main Stability Parameters.
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The control surfaces have been sized with the help of the control derivatives (Table 6.4),
ensuring sufficient moment generation for optimal performance while minimizing unwanted
induced moments. Due to the V-tail configuration, the rudder and elevator correspond to the
same surface; however, they were studied separately for the purpose of the control analysis.
The final control surface layout is illustrated in Figures 6.2 and 6.3.

Configuration Control Surface Efficacy Induced yaw/roll

0 cans
Ailerons Cl,δa = 0.466 Cn,δa = 0.0157
Elevator Cm,δe = −1.78
Rudder Cl,δr = 0.0352 Cn,δr = −0.119

9 cans
Ailerons Cl,δa = 0.465 Cn,δa = 0.0157
Elevator Cm,δe = −1.30
Rudder Cl,δr = 0.0338 Cn,δr = −0.119

14 cans
Ailerons Cl,δa = 0.465 Cn,δa = 0.0156
Elevator Cm,δe = −1.99
Rudder Cl,δr = 0.0374 Cn,δr = −0.124

Table 6.4: Main Control Derivatives.

3
.

0
+
(
2

-+/13/

-*1

Figure 6.2: Wing control surfaces: flaperon and aileron layout.
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Figure 6.3: V-tail control surfaces: ruddervator layout.
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6.3. Dynamic Analysis

The eigenvalues associated with the longitudinal and lateral dynamic modes are depicted
in Figure 6.4, plotted in the complex plane, where their progression as a function of the
aircraft payload is shown.
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Figure 6.4: Progression of longitudinal and lateral eigenvalues as a
function of payload, plotted in the complex plane.

The spiral mode is unstable, as evidenced by its eigenvalue lying on the right-hand side of
the complex plane. This instability is present across all payload configurations. However, its
time to double its amplitude is sufficiently large to allow the pilot to detect and correct the
deviation.

6.4. Trim

To achieve stable level flight, the pilot must trim the aircraft using the control surfaces.
The elevator deflection required for longitudinal trim, assuming negligible wind drift, is il-
lustrated in Figure 6.5a, while Figure 6.5b shows the pitching moment coefficient without
control input. The design objective is to minimize the moment coefficient at the equilibrium
angle of attack.
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(b) Pitching moment coefficient without controls.

Figure 6.5: Longitudinal moment coefficient.
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7. Aircraft Performance

Competition regulations prescribe both the motor model and a 30 A current limit, capping
total input power at roughly 330 W. Propeller selection and a twin-motor arrangement extract
the most from this fixed budget, which still sets a hard ceiling on available thrust. The key
performance figures across the payload range are collected in Table 7.1.

Figure 7.1c shows how this limitation manifests across the airspeed range. At zero payload
the excess is ample; at maximum load, the weight increase shifts the drag polar upward and
the available margin contracts sharply. Liftoff speed is set at VTO = 1.2Vstall with flaps
deployed, and the 60 m takeoff distance incentivized by the regulations is only reached at full
payload. The same loss of thrust margin is also reflected in the reduced climb rate at high
payload, shown in Figure 7.1b.

Turning performance is governed by maximum lift coefficient and structural load factor
(nmax = 5) . As shown in Figure 7.1a, the minimum turn radius grows by over an order of
magnitude between empty and full payload, driven by the heavier banked-flight lift require-
ment.
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Figure 7.1: Aerodynamic performance of the cargo configuration.

Config. Take-off Vwind Vzmax Vcruise VTO Min. turn
distance (m) (m/s) (m/s) (km/h) (km/h) radius (m)

0 cans 9.56 0 4.97 81.9 30.3 2.78
9 cans 60 0 1.32 81.0 46.6 11.9
14 cans 60 7.2 0.67 78.7 51.7 21.4

Table 7.1: Aircraft Performance.
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8. Payload Prediction

Using the scoring simulator, one can execute a sensitivity analysis of the score with respect
to several variables. This can help determine the optimal strategy in uncertain circumstances,
such as variable ground-roll friction [8] and runway headwind, among others. The constraints
for the optimization are the physical manufacturing constraints, and the objective is as follows:
maximize the round score for a given (optimal) aircraft, varying the loaded payload, once its
OEW and aerodynamic characteristics are known [6].

As shown in Figure 8.1, the number of cans chosen for the team’s payload prediction is 9.
That is, Ncans, announced = 9. This estimate was obtained assuming a nominal air density of
1.17 kg/m3, as well as a ground-roll friction coefficient of 0.1. Several studies were conducted
around this point, considering deviations. The results of these simulations are shown in
Figure 8.2.

The maximum payload (MPL) was found to vary linearly with air density, as expressed
in Equation (6):

MPL = 0.7468 + 2.092 · ρ (6)
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Figure 8.1: Payload prediction and normalized score in nominal
conditions.
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Figure 8.2: Sensitivity analysis of the maximum payload with re-
spect to two uncertain parameters.
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9. Structures and Manufacturing

9.1. Introduction

In order to test the structure concept, a small technology demonstrator was built during
the fall of 2025 to test state of the art methods that had never been applied by the team before.
The competition aircraft components can be categorized in two groups: lifting surfaces and
fuselage. A CAD model of the full aircraft was developed in Fusion 360.

9.2. Wing and Tail Design

Both the main wing and the V-Tail have elliptical planforms. While this configuration
presents many aerodynamic advantages, its structural design poses a significant challenge.
To obtain precise and smooth curved surfaces with the minimum possible weight, a negative-
mould composite layup architecture was selected.

9.2.1. Internal Structure

The wing consists of a carbon fiber skin sandwich, with an internal spar-and-rib structure
as shown in Figure 9.1a. To ensure that the prototype would fit in the transport box, the wing
was divided into two outboard panels and a central section, where the motors and landing
gear are also mounted. The panels are joined by a custom rectangular-section carbon fiber
joiner designed to match the dihedral angle, combined with two pins that align the panels.
The joiners use all the available thickness of the airfoil in order to increase their stiffness.
Dedicated moulds were milled, and several batches were produced until the desired quality
and weight were reached. A matching pocket (Figure Figure 9.1b) was laminated with a
carbon fiber braided sleeve using the joiner itself as a mandrel, and later integrated in the
structure, providing a perfect friction fit. To join the tail panels, a similar process is followed.
A V-shaped joiner transfers the loads from the spar to the aft fuselage section.

Motor mount rib

Wing nacelle

Main spar 

Wing Joiner sleeve

Stringer

Wing rib

(a) Wing’s internal structure. (b) Wing joiner and sleeve.

Figure 9.1: Wing structural details.
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9.2.2. Mechanical Design

A thorough study of the loads acting on the wing was performed to correctly size the struc-
ture and apply adequate reinforcements. The acting forces considered are lift, and uniquely
to this design due to the double motor configuration, thrust.

To obtain the stress and bending moment diagrams of the wing, the wing spar was as-
sumed to carry all the loads. For the calculations, a fixed boundary condition is imposed to
the spar of a half wing at its root. First, it is considered that in-flight forces will not exceed
those required to pass the static test. Thus, a force equivalent to half of the weight of the
prototype is exerted at the tip of the wing.

Then, the most extreme manoeuvre that the aircraft could perform was considered: a re-
covery from a nosedive in a theoretical worst-case scenario. The results from the latter were
implemented in the design, since the icreased safety margin did not incur in excessive addi-
tional weight.

In Figure 9.2, the plot of the bending moment is represented. The amount of rovings
needed for the spar caps along the half-span is obtained by deriving the required section
based on the material properties. It was decided to use the same amount for the upper and
lower spar caps for simplicity.
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Figure 9.2: Wing load analysis and spar calculation.

The V-N diagram, also known as the flight envelope diagram [9], is a visual representation
of the aircraft’s structural and aerodynamic limitations at a certain weight and altitude. It
relates speed (horizontal axis) to load factor (vertical axis). The polygon defined by points
A-H is where the plane can safely fly in without causing structural damage to the airframe.
For this diagram, a loaded airplane with 14 cans (MTOW of 7.47 kg) and a maximum cruise
altitude of 550m above sea level will be considered. To calculate this diagram, shown in
Figure 6.1, several data points from the flight mechanics section have been obtained, such as
Vcruise (VC) and Vstall (VS).
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Figure 9.3: V-N Diagram.

9.3. Fuselage Design

The fuselage design is based on a rectangular prism with a rounded lower half able to
accommodate the payload arranged in two rows of cans. Other requirements, such as trans-
port box constraints and the ability to carry a telemetry box, shaped the design likewise.
The fuselage is divided into three sections, as shown in Figure 9.4: the nose, central and rear
cargo bays. Up to fifteen cans can be loaded, with machined foam inserts that isolate them
and secure them in position. The aircraft’s electronics are installed directly above the wing
cutout, leaving enough space for the battery pack, the telemetry box slot, and other systems.

Frames machined from 3 mm thick carbon fiber plates are bonded with adhesive to the
ends of the sections, with holes and threaded inserts for the assembly.

Nose cargo bay Central cargo bay Tail cargo bay

Telemetry Box

Solid CFRP Frames

Figure 9.4: Fuselage layout.
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9.4. Manufacturing

In order to build the aerodynamic surfaces, negative moulds were first manufactured. A
picture of these can be seen in Figure 9.5a. These have been milled from PUR tooling board
using a 3-axis CNC. For the wing and tail, moulds were machined in two parts, splitting
them along the chord line. For the fuselage, moulds had to be machined in 9 parts due to the
constraints of the 3-axis mill. They were then aligned and bolted using steel rods to form the
full shape.

In order to achieve a good surface finish, an initial sanding and spray filling procedure is
followed by more incremental sanding from 800 to 4000 grit. A final polishing compound kit
is applied in 3 steps. After several coats of release wax, the finished moulds are painted with
a thinned pigmented gelcoat using an airbrush.

All the moulds include holes for steel alignment pins and slots for the correct positioning
of the joiner sleeve, aswell as a trench along the trailing edges to drain excess resin and
provide a sharp edge

(a) Polished wing and tail moulds. (b) Fuselage moulds during the sanding process.

Figure 9.5: Mould manufacturing.

All ribs, frames, and spars were milled from CFRP sandwich plates consisting of two
layers of 80 g/m2 biaxial NCF in ±45◦ orientation and a 3 mm Divinicell H60 foam core.
For the main spar shear web, a 5mm thickness core was used instead. Spar connectors are
manufactured using 80 g/m2 biaxial carbon fiber, an 80 kg/m3 Rohacell foam core, and a
number of carbon fiber rovings on the top and bottom faces.

Material Carboweave
IMS65 40 g/30 g

A-42 Rovings
(24k)

Textreme UHT
80 g

Sigrafil Biaxial
Nonwoven 80 g

Tensile Strength (MPa) 6000 4200 4800 4400
Young’s Modulus (GPa) 290 240 240 255
Elongation at break (%) 1.9 1.8 2.0 1.65

Table 9.1: Aircraft carbon fiber materials.

26 Team 02 - Xtra2UPV



Technical Report 9 Structures and Manufacturing

Carboweave 40g/m

CF rovings

Divinycell H60 CF ±45º sandwich panel

Carboweave 30g/m

2

2

2Gelcoat

Structural adhesive

Figure 9.6: Wing skin and spar layup.

Outer layers of 40 g/m2 Carboweave fabric were laminated together with a 1mm sheet of
Divinicell H60 foam core using a hand-layup process under vacuum. Slots were then carved
in the foam core along the spar and hinge lines, which accomodate the rovings for the spar
cap and aramid strip hinge respectively. This was followed by a another layer of 30 g/m2

Carboweave to close the sandwich. The detail of the wing materials is shown in Figure 9.6.

In order to close the wing and empennage panels, the internal structure was first glued
to the upper side, and then sanded down to the correct tolerance in an iterative process.
Structural adhesive was applied to the joining interfaces and along the leading and trailing
edge. A mixture of thickened epoxy resin with glass microballoons was used to fill gaps and
support the pins. After demoulding, the panels were trimed and polished again, the hinges
were opened, and the servo linkages installed.

(a) Center panel manufacturing. (b) Tail external layer lamination.

Figure 9.7: Wing and tail manufacturing.

The fuselage was built from a layup similar to Figure 9.6, with 80 g/m2 Textreme as outer
layer placed at ±45 º to improve the torsional rigidity. [10] Patches of 1 mm foam core lined by
UD strips in the corner areas followed. To provide stiffness against bending, 1 mm pultruded
carbon fiber profiles were embedded in the sandwich along the upper edges. Another layer
of Textreme closes the layup. Critical areas near the joining frames and holes for the wing
screws were reinforced using additional layers of 200 g/m2 carbon fiber twill. All elements of
the structure were ultimately bonded using a suitable structural adhesive.
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9.5. Landing Gear

The possibility of developing a retractable landing gear to reduce drag in cruise was dis-
cussed, but eventually discarded in favor of a fixed tail-dragger architecture. This provides
a more robust and reliable platform for the expected runway conditions, where the vibra-
tions from the hard cobblestone surface can potentially damage the sensitive linkages of such
mechanism. The aircraft is therefore equipped with a commercial landing gear with a height
of 160 mm and a wheelbase of 322 mm, bolted to the wing using the existing holes for the
wing-to-fuselage joint.

SC8R Elements

COH3D8 Elements

Stress |S11| [MPa]

293.1
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244.3
219.8
195.4
171.0
146.6
122.1
97.7
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48.9
24.4
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Figure 9.8: Fiber-direction stress distribution
in the CFRP landing gear under 5g landing load
case.

As an exercise for the team to test
numerical methods for composites, the
landing gear laminate was modeled in
Abaqus/Explicit using a formulation with
continuum-shell plies and cohesive inter-
faces in between. The ply stacking with
a [0/45]2s sequence represents a balanced
woven laminate to capture directional
stiffness under flexural loading. This
setup enables the evaluation of defor-
mation, stress redistribution, intralami-
nar damage, and interlaminar separation.
Representative stress states are shown in
Figure 9.8 for a 0.2 second ramp load-
ing of 400 N, reproducing a 5 g landing
at MTOW. The fiber-direction stress S11

represents the dominant stress component
and identifies the critically loaded regions
of the structure.

9.6. Transportation Box

Outboard and tail panels

Fuselagesections

Landing gear

Center panel

Figure 9.9: Transport box arrangement .

The transportation box was optimized
to accommodate all parts of the air-
craft with the minimum possible assem-
bly. For efficient packing and damage
mitigation, high-rigidity and high-volume
components are positioned at the base,
while fragile elements, such as the wing
panels, are placed in the upper section.
The final dimensions of the transportation
box are 850mm × 430mm × 220mm.
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10. Outlook

The project continues to develop as planned. The design phase is over, the tedious manu-
facturing and processing of all moulds has been concluded, and a first test unit of the aircraft
has been manufactured during April, with the goal of flying for the first time before the report
deadline.

At an operational empty mass of 3.2 kg, while relatively light, the first unit leaves room
for improvement. Proposed measures for weight reduction include switching to lighter wiring,
more exhaustive control of the resin volume fraction during lamination, careful dosing and
application of the gelcoat, simplification of the internal structure of the empennage, and
switching from steel to titanium screws.

This first prototype has demonstrated the team’s capabilities to apply the new manufac-
turing techniques, and has been a valuable experience that will help to improve and refine
the building methods and constructive quality of the following units. What is most relevant,
the prototype went through a successful maiden flight, validating the aerodynamic and struc-
tural design. In a series of in-flight tests, the weight distribution was verified, the stability
characteristics were pushed to the limit, and other performance indicators such as climb rate,
takeoff distance, and top speed were gathered and compared against the theoretical values
with great satisfaction.

Figure 10.1: XTRA28 - “Lince” maiden flight over the rice fields.

Pilot reports of excellent flight behaviour and handling characteristics reflect an optimistic
prospect for the contest and the motivation to push through the weeks of hard work ahead.
The team looks forward to the competition with great excitement to fly again in Böblingen,
a place holding a special meaning where Xtra2 made its debut back in the summer of 2019.
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