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1. Introduction

1.1 Air Cargo Challenge 2026

The Air Cargo Challenge is a biennial worldwide university engineering competition, with
the 2026 edition being hosted in Stuttgart. The main objective of the event encompasses the com-
plete design, manufacturing, and flight operations of a radio-controlled Unmanned Aerial System
(UAS). As the regulations are revised for every edition, the aircraft’s design has been optimized
to comply with the stringent constraints of the 2026 participation handbook. Consequently, this
technical report details the final specifications of the aircraft, alongside a comprehensive overview
of the engineering design and manufacturing methodologies employed.

1.2 DIANA UCLM

DIANA UCLM is a student-led engineering association affiliated with the University of
Castilla-La Mancha, Spain, headquartered at the historic Fábrica de Armas campus in Toledo.
Founded in 2022 by a core group of Aerospace Engineering students, the organization was estab-
lished to close the gap between the daily theoretical subjects and practical aircraft design and
manufacturing. Since its creation, the association has experienced substantial growth and inte-
gration within the university community. Today, the team comprises a multidisciplinary roster
of over 20 active members and is strongly supported by a robust network of local and national
sponsors. Beyond the purely technical pursuit of aircraft design and manufacturing, DIANA
UCLM places a big emphasis on cultivating soft skills, fostering cross-functional teamwork, and
building a collaborative professional network among future engineers.

1.3 Previous competitions

DIANA UCLM’s 2026 design is built upon the knowledge obtained during the 2024 and
2025 Xtrachallenge competitions, where we created from scratch cargo aircraft for both solid
and dynamic liquid payloads. After validating our aerodynamic capabilities by securing the
’Maximum Payload’ award in 2024, the team wanted to take a step forward in the manufacturing
area. Consequently, in 2025, we transitioned from a heavy, 95% 3D-printed PLA aircraft to a
highly optimized hybrid structure. By utilizing aeronautical wood and heat-shrinkable film for
the lifting surfaces, and reserving PLA exclusively for complex forms.

The 2026 development cycle has focused on mastering advanced manufacturing tech-
niques using composite materials, specifically carbon and glass fibers. Integrating these high-
performance composites with our established expertise in balsa wood and PLA provides the
engineering team with the necessary flexibility to select the optimal material for each specific
component. This hybrid material strategy allows for a precise balance between structural rigid-
ity and weight reduction, ultimately maximizing the aircraft’s overall performance and payload
capacity.
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2. Project Management

2.1 Human resources

DIANA UCLM is composed of a total of 23 aerospace engineering students 2.1 from var-
ious parts of Spain and Andorra, all brought together under the Escuela de Ingenieria Indus-
trial y Aeroespacial de Toledo (EIIA), which belongs to the Universidad de Castilla-La Mancha
(UCLM). The following structure is the one chosen by the team to distribute its members and
direct its efforts towards the different tasks and challenges faced by DIANA.

1. Operations and Logistics Department

Mainly responsible for three areas: seeking funding through events, establishing contacts,
negotiating collaborations with companies, and managing advertising and social media.

2. Aerodynamics and Design Department

Applying theoretical concepts of Aerodynamics and aircraft morphology to optimally design
the aircraft.

3. Propulsion and Electronics Department

Designing and assembling the onboard electronics system in the prototype for the correct
operation of control surfaces and integrating the propulsion system into it.

4. Structures and Manufacturing Department

Building the physical and final model, designing the internal structure, simulating dynamic
loads, and performing static tests.

Figure 2.1: DIANA UCLM Team
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2.2 Planning

To ensure the proper coordination of the various technical areas and compliance with
the deadlines established for the competition, the DIANA team has developed a comprehensive
roadmap. Figure 2.2 details the project’s schedule, broken down by departments and key phases,
spanning from the initial conception in July 2025 to the completion of the final report in May
2026.

2025 2026

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Operations & Logistics

Company & Entity Contact

Events & Funding

Social Media

Aerodynamics & Design

1st Aerodynamic Iteration

Preliminary Research & Airfoils

Stability & Control Design

Initial CFD Analysis

2nd Aerodynamic Iteration

Wing & Stability Optimization

Aeroelasticity & Winglet Design

Final CFD Validation

Structures & Manufacturing

Initial Testing & Prototype Wing Fab

Fuselage Iteration & Structural Analysis

Design Finalization & Sizing

Plaster Molds & Material Validation

Mold Printing & Infusion Optimization

Propulsion & Electronics

Preliminary Performance Analysis

Custom Telemetry System

Test Bench

Control System

Exp. Testing & Final Component Selection

Flight Tests

Prototype Flight Test

Drone Flight Test

Meeting with UCLM Rector

Participatory Budgets Win

Aero Research

1st Iteration End

2nd Iteration End

Structural Design

TECHNICAL REPORT

Figure 2.2: Detailed Project Schedule - DIANA UCLM
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2.3 Sponsors of the project

Main Sponsor ð

University of Castilla-La Mancha (UCLM): Universidad de
Castilla-La Mancha is a leading Spanish institution in technology and
engineering education. For the DIANA team, the university provides
the essential facilities and environment to apply our theoretical knowl-
edge to the design of real drones through a "learning by doing" approach.
This critical support is made possible through direct funding from the
UCLM Social Council and the Participatory Budgets program. Their fi-
nancial backing, amounting to around e12,000 allowed us to acquire the
advanced materials, electronics, and logistical support needed to com-
pete internationally.

Gold Sponsors 5

Ferreterías Julián: Ferretería Julián is a local hardware supplier and
a cornerstone of the DIANA project, being the very first sponsor to ever
support our team. Their trust was instrumental during our initial phase,
providing a e1,000 credit line at the beginning of the year and donating
specialized workshop materials valued at e150. As our founding sponsor,
their early commitment to our vision remains a fundamental part of our
team’s history and success.

Escuela de Ingeniería Industrial y Aeroespacial de Toledo
(EIIA): The EIIA-To is a key institutional partner and a fundamental
pillar of the DIANA project. Their commitment to our team has been
demonstrated through the full financing of our competition registrations
(e1,050) and the provision of specialized workspaces and facilities within
the campus. Furthermore, we receive constant technical and academic
guidance through our faculty advisor, Sergio Horta, whose mentorship
and coordination have been essential in bridging the gap between theo-
retical education and high-level aerospace engineering.

Club de Aeromodelismo Alcotán: The Alcotán Aeromodelling Club
is a key collaborator for the DIANA team. They provide the essential
flying facilities where we conduct all our prototype flight tests. Addi-
tionally, their experienced members offer expert instruction and training
for our pilots, ensuring safe and successful flight operations.
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Silver Sponsors 5

Adelsys: This company is a valued sponsor of the DIANA project.
Their financial contribution of e400 has provided our team with essential
funding used for necessary materials and components.

DANIMA COMPOSITES: hanks to the mentorship and donations
of company manager and collaborator David Barrios, the DIANA team
learnt how to properly use the infusion technique for composite materials
such as carbon fibre.

GlobalCaja: The GlobalCaja bank provided financial support of
e1,050 for DIANA’s team transportation to the ACC premises.

Bronze Sponsors 5

ICSA - Aernnova: ICSA has supported our team by donating e300
worth of specialized materials, which greatly enhance our manufacturing
capabilities.

SmartMaterials: SmartMaterials has supported our team by donating
e140 worth of 3D printing filament spools. These high-quality materials
are essential for the rapid prototyping and manufacturing of our custom
components.
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2.4 Budget and costs

A detailed summary of departmental expenditures during the academic year is provided in
Table 2.1. This table also highlights the proportion of expenses funded by the sponsors referenced
in the previous section.

Item Amount Description

Project Costs
Manufacturing Materials e2,300 Carbon fiber, balsa wood, 3D printing fil-

aments, epoxy resin
Electronics & Propulsion e950 Brushless motors, ESC, high-performance

LiPo batteries, telemetry
Logistics & Transport e2,500 Competition registration and travel ex-

penses for the team
Miscellaneous e1,400 Tools, hardware, 3D printers, vacuum

chamber
Merchandising & Events e1,000 T-Shirts, lanyards, notebooks, polo shirts
Logistics e3,200 Transport to the competition for the team

and the aircraft

Total Costs e11,350

Sponsors & Funding
UCLM (Main Sponsor) e12,000 Direct funding (Social Council & Partici-

patory Budgets)
Ferretería Julián e1,150 e1,000 credit line + 150 e in specialized

workshop materials
EIIA (Gold Sponsor) e1,050 Full financing of the competition registra-

tions (ACC)
Globalcaja e1,050 Financial aid for team transportation to

the ACC premises
National Lottery sales e1,040 Fundraising initiative through the sale of

national lottery tickets
Miscellaneous Income e1,357.77 Funds gathered from diverse events

(Warhammer Fair, Family Science, Christ-
mas basket), donations (Micro Patron-
age Web), and local sponsorships (e.g.,
Pizzería La Esquina Del Norte)

Adelsys e400 Financial contribution
ICSA e300 Specialized materials donation
SmartMaterials e140 3D printing filament spools

Total Budget e18,487.77

Table 2.1: Detailed Cost and Funding Breakdown for DIANA UCLM Project.
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3. Aerodynamic Design

3.1 Main wing airfoil

The wing design process began with the selection of an airfoil. This task was driven by the
need to balance two objectives: maximizing lift to carry payload and achieving su�cient speed,
which typically involves thinner, high-speed pro�les.

After evaluating the performance of several candidates, such as the Clark Y, E216, S23021
and SD7037 as shown in Figure 3.1, the Clark Y airfoil was chosen due to its compromise between
lift capability and �ight speed.

Figure 3.1: Airfoils considered in the initial stage

After the selection of the Clark Y airfoil, two thinner versions were created from it by
reducing its maximum thickness with the intention of achieving a higher aerodynamic e�ciency.
The original Clark Y airfoil has a maximum thickness of 11.7% of its chord. Modi�ed versions
with reduced thicknesses of 11%, 10% and 9% of its chord were examined in order to evaluate
their aerodynamic performance. Figure 3.2 shows the comparison between the original Clark Y
and the modi�ed Clark Y 9%. Figure 3.2c presents the aerodynamic e�ciencies of both airfoils
at three di�erent Reynolds numbers, with the Clark Y 9% being the most e�cient and therefore
selected for the aircraft.
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(a) Standard Clark Y airfoil

(b) Clark Y 9% airfoil

(c) Aerodynamic e�ciency comparison at
three di�erent Re numbers. In green, the
standard Clark Y airfoil. In blue, the thin-
ner Clark Y 9% airfoil.

Figure 3.2: Comparison between the two Clark Y airfoils

3.2 Main wing geometry

The wing mounted on the aeroplane is semi-elliptical as shown in Figure 3.4, featuring
a �at leading edge and an elliptical trailing edge, as an elliptical lift distribution helps reduce
induced drag generated by the wing. The aim was getting a good manoeuvrability at the cost of
some stability, therefore the aircraft presents some neutral-stability features, namely a mid wing
with no cantilever. The geometry and speci�cations of the main wing�without the fuselage�are
as follows:

ˆ Wingspan: 3 m without WD 1, 3.146 m with WD

ˆ Root chord: 0.25 m

ˆ Wing area: 0.635 m 2

ˆ Aspect ratio: 14.17

ˆ Angle of incidence: 1 degree

ˆ Other: Cantilever, no dihedral, no twist, mid wing

The wing with can be seen in Figure 3.4, while its polar and e�ciency curves are displayed
in Figure 3.3.

1Wingtip Devices.
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(a) Polar of the wing and empennage (b) Aerodynamic e�ciency

Figure 3.3: Aerodynamic curves of the wing and empennage assembly in clean con�guration
(blue) and with �aps 15 � (green). Solid lines represent the analysis at 25 m/s, while dotted lines
represent the analysis at 15 m/s.

(a) Main wing and empennage

(b) Detail of the control surfaces

Figure 3.4: Wing and empennage

3.3 Empennage

The empennage follows a V-shaped con�guration with a 45-degree dihedral. This option
was the most optimal considering the reduction of tail weight by the elimination of the vertical
stabilizer. This con�guration had also been used for previous aircraft models submitted for other
competitions, so the team had some experience with it.

The airfoil used in the empennage is the NACA 0008, chosen chie�y due to its thinness
and, therefore, lower drag, while still being able to �t a servomotor inside.

3.4 Control surfaces

The �rst aircraft design iterations started out with �aperons as the only control surfaces
on the main wing. In later iterations, they were replaced by a set of �aps and a set of ailerons
so more wing area is �xed and available to produce lift throughout the �ight. The layout of the
control surfaces can be seen in Figure 3.4b, and their e�ectiveness is discussed in Section 3.6.1.

Flap de�ection was analysed, and two con�gurations of 15� and 30� were compared. The
results showed the obvious greater lift increase of the 30� setting, making it the chosen de�ection
had it not been for the pitching moment generated. This moment required near-full de�ection
of the elevator to maintain pitch attitude, leaving little elevator margin for control inputs. The
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only solution was then to modify the empennage incidence angle, which would reduce the e�-
ciency of the aircraft during the critical cruise and manoeuvring phase. This idea was discarded
immediately, and the �ap con�guration was �nally set to 15 � .

3.5 Wingtip devices

Wings with elliptical shapes tend to minimize the e�ects of wingtip vortices, or at least
signi�cantly reduce their intensity. However, from a manufacturing standpoint�considering that
the wings will be fabricated from carbon-�bre composites�elliptical geometries induce more
complexity and a higher cost. Moreover, in order to increase the wingspan and the aspect ratio
to improve aerodynamic e�ciency, a wing con�guration with straight tips was selected. In order
to compensate for the loss of e�ciency resulting from steering away from purely elliptical shapes,
it was determined that winglets would be used.

After conducting a preliminary investigation, three primary wingtip con�gurations were
selected for analysis: straight, straight (smaller) and blended�or upswept�tips. The models
were evaluated using CFD, varying key parameters for both options, such as the sweep angle, cur-
vature radius and height. Di�erent con�gurations of angles of attack were studied, and based on
the results, the blended winglet demonstrated slightly superior performance, including improved
behaviour in cruise conditions and a higher overall aerodynamic e�ciency. Consequently, this
con�guration was selected as the �nal design. Table 3.1 summarizes the aerodynamic e�ciencies
obtained by the CFD analysis of each winglet option.

Angle of attack Straight Straight (smaller) Blended

0� 18.329 18.231 18.875
2� 12.822 12.799 12.862
4� 9.771 9.770 9.587

Table 3.1: Aerodynamic e�ciencies obtained for each of the three winglet options

A symmetrical aerodynamic pro�le for the winglet was chosen to avoid generating addi-
tional momentum. Moreover, this winglet was the easiest to manufacture, thus being advanta-
geous from a structural and manufacturing standpoint as well.

(a) Straight winglets (b) Blended winglets

Figure 3.5: Winglet designs analysed
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3.6 Stability

3.6.1 Static stability and control e�ectiveness

The neutral point of the aircraft is at 12.1 cm from the main-wing leading edge. In order
to attain the desired stability, the goal static margin (SM) was set to 20%, which places the
desired centre of gravity at 7.8 cm from the wing leading edge according to the de�nition of
static margin:

SM =
xNP � x CG

MAC
() x CG = x NP � SM � MAC ; (3.1)

where MAC stands for the Mean Aerodynamic Chord, and is equal to 0.215 m. Further-
more, the limits imposed were a static margin no less than 10% nor greater than 30%, as this
would translate into an aircraft too di�cult to manoeuvre.

After performing some stability analyses in XFLR5, the stability derivatives for the aircraft
were found within the ranges recommended by the bibliography consulted. These obtained values
can be seen on the left side of Table 3.2. All three derivatives provide the aircraft with a positive
static stability, albeit both directional derivatives fall close to the lower limit of the recommended
range�meaning the aircraft is not as stable as it could be. However, this was an already expected
side e�ect of the V-shaped empennage or, rather, of the lack of a purely vertical stabilizer.

Moreover, in order to check the manoeuvrability of the aircraft, the control e�ectiveness
was also analysed in XFLR5, obtaining the control-e�ectiveness coe�cients presented on the
right side of Table 3.2.

Parameter Value Parameter Value Parameter Value

Cm� -1.410 Cm� e -1.513 - -
Cl� 0.083 Cl� a -0.073 Cn� a 0.0012
Cn� -0.043 Cn� r 0.282 Cl� r 0.0184

Table 3.2: Stability derivatives (left), control-e�ectiveness coe�cients (middle) and control-
induced-moment (right) coe�cients given by the static-stability and control analyses.
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4. Structural Design

In order to build a plane with the needed characteristics, it is necessary to use a light
weight material that can withstand all of the forces that the aircraft is going to experiment in
�ight. To achieve that, carbon �ber is selected for the skin because of its strength-to-weight
ratio.

4.1 Wing-skin layup optimization & FEM simulations

To determine the most e�cient wing skin con�guration, four layup iterations are simulated
in Abaqus learning edition, provided by the UCLM, under a static aerodynamic load correspond-
ing to MTOM with a load factor of 2 (2G). The structures are evaluated based on maximum
de�ection, Hashin damage failure criteria, elastic instability and total structural mass.

Hashin damage analysis con�rms that material failure is negligible across all designs, with
the maximum stress never exceeding 1:5% of the material's total capacity. Consequently, struc-
tural buckling of the upper skin under compression is the primary limiting factor for this design.

Analyzed con�gurations

ˆ 1 carbon-�ber layer: Being the lightest option, it supports the 2G load (� max =
19:91 mm) and o�ers a low buckling safety margin (�crit = 2:61).

ˆ 2 carbon-�ber layers: Provides massive buckling resistance (� crit = 16:36) and high
sti�ness (� max = 12:31 mm). However, it is over-engineered, increasing the weight signi�-
cantly.

ˆ 1 carbon-�ber layer with carbon reinforcement: A targeted approach using a double
carbon layer only at the high-stress root and leading edge areas.

ˆ 1 carbon-�ber layer with 1 �berglass layer: Achieves a strong buckling factor (� crit =
6:75). Nevertheless, the low structural e�ciency of the �berglass increases the weight
remarkably.

Conclusion & �nal selection

The targeted partial reinforcement is selected as the optimal design. By concentrating
the extra carbon �ber strictly in critical zones, the structure e�ciently manages load distribu-
tion. This con�guration maintains excellent aerodynamic stability with a maximum de�ection
of � max = 16:12 mm and ensures a safe buckling margin of �crit = 3:44. This strategic layup
multiplies the buckling resistance by 1:32 compared to the single-layer design, while only adding
a few grams.
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4.2 Wing structure

The �nal internal structure of the wing represents an optimized balance between torsional
rigidity, bending strength, and minimal structure mass. The structure is designed to withstand
a load factor of 2 at MTOW while strictly preventing geometric instability, such as local skin
buckling.

Figure 4.1: Isometric (upper) and top (bottom) view of the internal structure

The main skin of the wing is made with a carbon �ber layup, using a double reinforce-
ment in the leading edge, that absorbs most of the twisting forces and distribute the general
aerodynamic pressures into local, internal parts, which are:

Main spar (Rohacell-Roving): The main spar is the critical component for absorbing bending
moments, resisting tension on the lower surface and compression on the upper surface, while its
web handles shear stresses. It is placed at the maximum thickness point (34% of the chord) to
maximize the moment of inertia. Two material con�gurations were evaluated:

ˆ Balsa-wood I-Beam: Ideal for resisting shear stresses in simple bending. This option
provides excellent strength-to-weight ratio, ease of assembly, low cost, and orthotropic
resistance.

ˆ Rohacell Core with Roving 12k: A polymethacrylimide foam core that acts as a contin-
uous skin stabilizer, preventing local buckling of the thin carbon �ber under aerodynamic
loads. The caps feature unidirectional carbon �ber (Roving 12k), eliminating woven crimp
to ensure 100% of the carbon's tensile strength works along the span.

The Rohacell-Roving model was �nally selected based on two crucial factors:

ˆ High global sti�ness: Reducing the maximum de�ection by nearly 4 mm improves the
aeroelastic response.

ˆ Buckling prevention: Critical failure in these structures arises, normally, from geomet-
ric instability under compression, not from exceeding the elastic limit. The continuous
Rohacell core stabilizes the thin carbon upper skins, preventing local buckling at high load
factors.
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The results for the Rohacell-Roving spar are:

Figure 4.2: Wing with Rohacell spar: Displacement (left) and Von Mises stress (right)

Evaluating the wing as a cantilever beam, the maximum de�ection relative to the total
semi-span (1500 mm) is de�ned as:

Relative De�ection =
21:51
1500

� 100 = 1:43%

A limit load displacement below 1.5% indicates a highly rigid, hyperstatic design, which prevents
structural failure during �ight and maintains the e�ective angle of attack throughout the span.
Carbon �ber laminates with epoxy resin typically exhibit the ultimate strengths exceeding 600
Mpa ( often reaching over 1500 MPa).Assuming a conservative limit of 500 MPa, the safety factor
under a 2g limit load is:

Safety Factor (SF) =
� ultimate

� max
�

500 MPa
40:23 MPa

> 12

An SF greater than 12 con�rms the material operates strictly within the elastic regime,
safely removed from yielding or rupture.

Due to the long span, the wing also needed to be segmented to �t in the transport box; this
is why this main spar is divided into two. Additionally, it is displaced towards the front in the
second segment to make space for the ailerons' electronics.

Transverse ribs: Fourteen balsa wood ribs are distributed across each 1.5 meter semi-span.
Chosen for their exceptional sti�ness-to-weight ratio and orthotropic shear resistance, the balsa
acts as a load-transfer bridge between the skin and the spar. By distributing these ribs across
the wing, the critical buckling stress increases, ensuring that the airfoil maintains its geometry
under high loads.

Bayonets: The connection to the fuselage is secured by two carbon �ber bayonets per semi-
span. These act as sub-spars by also helping with the distribution of load within the structure,
and by matching the material of the spar with the skin's stress concentrations are avoided and
sudden jumps in �exibility that could induce fatigue cracking at the wing root are prevented.

4.3 Fuselage

The fuselage is designed to contain a maximum payload of 8 cans while also being able
to carry di�erent placements of payload, distributing it around the wings to even the weight
lengthwise.

The main structure is based on balsa wood and �nish birch frames which not only shape
the fuselage and transfer concentrated loads, but also creates the loading bay.
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The silhouette is designed to keep only the necessary space between the cans and the main
skin, made of two layers of carbon �ber, leaving no room to place stringers or longerons. This is
solved by reinforcing concrete areas of the skin with 20 layers of 12k roving in the longitudinal
direction to transmit the axial loads to the frames. Also, �ve carbon �ber rods pierce the frames,
avoiding the cans to touch one-another and reinforcing the main structure.

Figure 4.3: Fuselage's internal structure

As mentioned, di�erent con�gurations of payload are possible. The challenge is to place
di�erent amount of cans while still being on a stable range for the center of gravity.

Based on the requirements produced by the Department of Aerodynamics (Section 3.6.1),
the plane is going to be stable as long as the center of gravity stays between 50 and 100 mm (blue
area) from the leading edge. This restriction is only satis�ed in the 6 following con�gurations:

Figure 4.4: Position of center of gravity according to the payload carried

According to this con�gurations, the most optimal payload is with 8 cans, followed by 5
cans and an empty cargo bay.
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4.4 Empennage

Regarding the empennage, one main carbon �ber skin composes the aerodynamic pro�le,
while its internal structure uses the same approach as before��ve balsa ribs hold in place the
airfoil's geometry, and a rohacell spar connects them together. Additionally, two bayonets help
stabilize rotation and �exion from the root.

Figure 4.5: Isometric view of the empennage's internals

4.5 Fuselage-wing coupling

To enable the wings and the fuselage to interact as an only body, the bayonets have to be
well placed and secured inside the fuselage. To achieve it, a 3D printed piece is designed and
located inside the fuselage, being able not only to hold the bayonets in place but also to contain
the controller inside.

The lower piece is directly glued to the main skin, while the one above is secured using
screws.

Figure 4.6: Joint between the wing and the fuselage
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5. Manufacturing

In order to achieve the plane's best performance, it was decided to work with carbon
�bre because of its exceptional strength-to-weight ratio. A 200g 2x2 twill 3K was used to
manufacture the skin and other materials such as balsa wood, �nish birch and 3D printing
�lament were used to create the inner structure.

5.1 Casts

Two iterations took place during the manufacturing process; plaster molds and 3D printed
molds. This techniques were selected for being accessible, simple and trustworthy. After some
samples it was proven that 3D printing was the most reliable option.

Method Strong points Weak points

Reliable Slow
3D printing Precise Sanding is necessary

Simple

Plaster Easy to work with Fragile
Cheap Time-consuming

Table 5.1: Comparative of techniques for cast manufacturing

5.2 Infusion process and hand-laminating

To shape the carbon �ber, an infusion technique is chosen in most of the pieces to get an
even coat of resin. More complex geometries are manufactured using hand laminating techniques.

In all the pieces, carbon �ber is placed to �45 � to handle torsional twisting loads and sheer
forces. In addition, 12K roving is positioned in the longitudinal direction to improve structural
stability.

In order to get a good coupling between the skin and the roving, both materials are infused
together.

On the following table, a summary of how pieces have been manufactured is shown:

Part Technique Layers Structural reinforcement

Wing Infusion
1 layer,

20 threads of 12k roving
leading edge reinforced

Fuselage Infusion 2 layers 20 threads of 12k roving
Empennage Infusion 1 layer None

Landing gear Hand laminating 2 layers None

Table 5.2: Comparative of techniques for cast manufacturing
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Figure 5.1: Final part of the wing before (left) and after (right) the infusion process (inner face)

5.3 3D components

To �t the plane in the transport box it is mandatory to slice the aircraft in di�erent pieces,
being necessary to devise joints. Also, electronics have to be placed properly. To solve this
problem, 3D pieces are designed and printed.

Depending on the purpose of the piece, a di�erent material is selected, �nding the balance
between weight, functionality and resistance. The following criteria is used to designate the
�lament.

ˆ Joints: Polyamide Carbon Fiber (PACF); provides sti�ness, strength and withstands heat
�ow.

ˆ Dividers and �xtures: Light Weight PLA, to obtain lighter pieces.

ˆ Control surfaces: Light weight PLA

ˆ Wheels: Thermoplastic Polyurethane (TPU); o�ering high elasticity and excellent abra-
sion resistence.

Figure 5.2: 3D printed joints and �xtures
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