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1 Introduction

The technical report was created to provide a detailed overview of the aircraft development
process. From team management through various design stages to structural testing. It includes
a description of the decisions made, challenges encountered, and issues faced throughout the
project. By balancing innovation with well-established techniques, the team aims to optimize

performance in the competition.

2 Project management

A project of this scale presents a significant challenge and demands precise and effective man-
agement to ensure its success. To address these complexities, the team implemented a multi-
layered management approach, drawing on prior experience with similar initiatives.

The first objective was to develop a clear and comprehensive understanding of the project’s
goals. Particular attention was devoted to analyzing the rules and requirements.

For the project to progress efficiently, it was essential to distribute the workload accurately
among team members and across the project timeline. Effective allocation of responsibilities
ensured both productivity and balance throughout the process.

Another critical aspect of project management was budgeting. It was not only important to
achieve high-quality results, but also to ensure that these outcomes remained financially feasible.
Finally, risk management played a vital role in the overall strategy. Leveraging their experience,
the team developed a structured plan to achieve all objectives while minimizing potential losses

and uncertainties.



2.1 Team management

The team was organized into structured groups based on their respective areas of expertise (Fig-
ure 1). To ensure smooth and effective communication, weekly meetings were introduced in
addition to online communication channels. These meetings provided an opportunity to dis-

cuss progress, address challenges, and plan upcoming tasks.
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Figure 1: Roles and responsibilities

2.2 Time management

The project timeline was established following the publication of the official rules. The timeline
shown in Figure 2 illustrates stages of the process, as well as the key objectives achieved within
each phase of the project. It provided a structured framework that enabled the team to moni-
tor progress and compare ongoing performance against initial projections. To achieve optimal
results, the team allocated a significant portion of time to the development and testing phases,

ensuring the project was completed to the highest possible standard.



Figure 2: Timeline of the process

2.3 Financial budget and fundrasing

Recognizing the importance of a well-de ned budget during the development phase, the team
prepared a nancial plan visible in Figure 3 based on insights from previous projects, as well as

the desired outcomes and quality of materials.
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Figure 3: Budget Distribution

Drawing on their experience with similar initiatives, the team also allocated additional funds to
account for unforeseen circumstances and potential risks. To secure the necessary funding, the

team sought support from the university as well as external sponsors.



2.4 Risk analysis

A key aspect of effective project management is risk analysis. Following extensive discussions,
the team developed a risk matrix that evaluated potential issues based on their probability of oc-

currence and severity of impact. Matrix with ways to mitigate the risk or impact of it is presented

in Figure 1.
Table 1: Risk matrix with mitigation
Risk Probability Impact Score Mitigation
Pilot error 3 5 15 Checklists and extensive pilot training
Limited time for testing 3 4 12 Priority of the prototype
Delays in components delivery 2 5 10 Shopping in advance
Bad pre- ight check 2 5 10 Thorough checklists
Bad weather 8 Testing in different conditions
Electronic failure 8 Tests before ight

Landing gear malfunction
Composite damage
Fast degradation of the prototype
3D printed component damage
Poor stability

6 Extensive testing period and spare parts
6 Spare parts

6 Easy to repair material

4 Spare parts

4 Additional theoretical tests
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To further reduce the likelihood of errors, checklists were introduced as a preventive measure
against human factors. In order to assess and address inevitable issues, structured problem-
solving methods such as the 5 Whys, HAZOP, or event tree techniques were implemented to

identify the root causes of errors as well as possible outcomes.

3 Requirements, scoring and optimization

3.1 Rules analysis

To maximize the achievable score, particular emphasis was placed on a thorough analysis of the
competition rules and scoring criteria. At rst glance, the objective is to maximize the ground
distance traveled by the aircraft while carrying the largest possible payload, de ned as stan-

6



dardized beverage cans. However, additional constraints are imposed, including limitations on
takeoff distance as well as the use of speci ed motor and battery con gurations.

To reconcile these competing requirements, a dedicated optimization process was developed.
Prior to the nal optimization stage, additional propulsion testing was conducted to provide

more accurate performance data.

3.2 Propulsion testing

Due to the restriction of using only a single approved motor type, propeller selection was iden-
tied as a critical factor in gaining a competitive advantage over other teams. Consequently,
extensive propeller testing was conducted.

As the competition emphasizes ight distance, achieving optimal speed was a key objective.
For this reason, conventional methods, such as static thrust measurements or theoretical estima-
tions of dynamic thrust, were considered insuf cient. Instead, a series of wind tunnel tests was
performed using the same electronic speed controller and motor con guration intended for the

aircraft (Figure 4).

Figure 4: Wind tunnel propulsion testing

The propellers were evaluated at the maximum permitted power level. The results were used to



generate a performance curve illustrating dynamic thrust as a function of ight velocity (Figure
5). Based on this analysis, the propeller that provided the best performance at the desired maxi-
mum velocity (Vmax) was selected. During propulsion system testing, it was observed that the
motors, operating at approximately 30 A under static conditions, exhibited a tendency to over-
heat. This effect leads to a reduction in ef ciency and introduces a risk of component failure.
Consequently, a decision was made to adopt a twin-engine con guration in order to reduce the

load on individual motors and improve overall system reliability.
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Figure 5: Dynamic thrust vs velocity of the air at 15A

3.3 Optimization

Following the selection of a dual-motor setup, a conventional aircraft con guration was chosen.
This decision was motivated by its high predictability in ight characteristics, relative simplicity
in structural design and analytical modeling, as well as good scalability for further optimization.
To identify the optimal combination of geometric and mass parameters, a computational model
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was developed. The schematic of the computational model is displayed in Figure 6. Initially, a
spreadsheet was created in Microsoft Excel to evaluate a single design iteration. Subsequently,
this process was automated using scripts written in Python, enabling ef cient execution of mul-

tiple iterations and parametric studies.

Figure 6: Optimization model

The spreadsheet incorporated aerodynamic data for selected airfoil pro les generated using
XFOIL over a Reynolds number range from 2x10° to 6x10°. Figure 7 displays the parameters
for each airfoil at a 600k Reynolds number. The airfoils were selected based on their lift-to-drag
ratio (CL/CD) across this Reynolds number range. These pro les are characterized by high

aerodynamic ef ciency, enabling relatively high lift generation at comparatively low drag.
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Figure 7: Aerodynamic coef cients of airfoils used in optimization process at 600k Reynolds

Performing iterative structural calculations required parameterization of component masses.
The masses were divided into two categories: xed masses and variable masses. Fixed masses
included components whose weight remains constant across design iterations, such as batteries,
motors, servos, electronic speed controllers (ESC), and the ight controller (FC).

Table 2: Fixed masses parameters

Propeller | FC Battery | ESC
50 7 150 6

Pitot tube
15

Wires
300

Motor
210

Servo
14

Component
Mass, g

Landing gear
100

Variable masses primarily consisted of structural elements. The parameterization of variable
masses was based on the geometric dimensions of the aircraft, particularly the wing surface
area. This parameter was used to estimate the mass of the composite wing structure, taking
into account the densities of materials such as resin, core materials, and reinforcing bers. Sim-
ilarly, the fuselage dimensions were determined based on the requirement to accommodate the
assumed payload while ensuring appropriate distances between the empennage and the center
of gravity.

Table 3: Variable masses parameters

Component

Cabron bre

Resin

Glass bre

Reinforcement

Spar

Density, g/m ?

60

60

45

90

75
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A key aspect of the design process was determining the optimal arrangement of payload within
the fuselage. Three con gurations were considered in the fuselage cross-section: one, two, and
three cans per row. The optimal con guration was de ned as the one minimizing aerodynamic
drag. In addition to the cross-sectional arrangement, the total fuselage length was modeled as a
function of the number of cans arranged both longitudinally (in series) and transversely (within
the cross-section). Consequently, fuselage drag was dependent on both its cross-sectional geom-
etry and its length. The aerodynamic drag characteristics of the fuselage were estimated based
on data found in the literature [1]. The drag coef cient (CD) parameters (Figure 8) correspond-
ing to different Reynolds numbers and length to diameter ratios (L/D) were directly extracted

from the referenced publication and incorporated into the computational model.

(@ CDvs L/D (b) CD vs Reynolds number
Figure 8: Coef cient of drag of the fuselage [1]

As a result, a computational framework was established for a single set of design parameters,
providing key performance outputs of the aircraft. These outputs included the cruise velocity
corresponding to the optimal angle of attack, the minimum velocity associated with the maxi-
mum lift coef cient, the payload mass, the number of transported cans, and the predicted pay-
load capacity. The maximum velocity was de ned as the equilibrium condition in stable ight

at which thrust equals aerodynamic drag .
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To distinguish feasible con gurations from infeasible ones, a series of Itering algorithms was
implemented. The rst algorithm veri ed the steady level ight condition by ensuring that the
generated lift force exceeds the aircraft weight. The second algorithm evaluated whether an
aircraft with a given mass and con guration is capable of taking off within a distance of 40 m.
This assessment accounted for the minimum ight speed of the aircraft as well as the rolling
resistance associated with small-scale wheel bearings. Calculated takeoff distance is shown in
gure 9
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Time [s]
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Figure 9: Takeoff distance of nal iteration

The takeoff performance was analyzed assuming a con guration without high-lift devices (e.qg.,
aps), in order to ensure consistency and simplify the modeling approach. Under these as-
sumptions, the takeoff ground roll for a given con guration can be described using standard
kinematic and force-balance relations, where the acceleration results from the net force de ned
as the difference between thrust, aerodynamic drag, and rolling resistance.

The Python script automates the evaluation and optimization of aircraft design parameters us-
ing a computational model implemented in Microsoft Excel. Its main task is to generate com-
binations of input parameters, pass them to the Excel model, retrieve the calculated results,
and identify the best-performing con gurations based on prede ned criteria. The script de nes
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ranges for selected parameters using minimum values, maximum values, and step sizes. With
the use of the numpy (numerical python) library, these ranges are converted into discrete sets of
values. Then, using the itertools module, all possible combinations of parameters are generated,
creating a complete search space.

For each combination, the xlwings library is used to communicate with Excel. The script writes
parameter values into the worksheet, forces recalculation, and reads the resulting outputs, in-
cluding the main objective function and additional variables used for constraint veri cation. A
Itering step ensures that only valid solutions are considered. Con gurations that do not meet
the required conditions or produce unde ned results are skipped. For valid cases, the script
stores input parameters, objective values, and selected aerodynamic characteristics. Figure 10
and 11 represent the results of the optimization process, illustrating the relationship between the
achieved score and key parameters such as maximum ight velocity and payload mass, based

on successive design iterations.
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Figure 10: Score based on maximum ight velocity
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Figure 11: Score based on mass of the payload

3.4 Results of the optimization

After completing all iterations of the optimizing model, the pandas library is used to organize

the data, sort the results in descending order, and export them to Excel les. The parameters of

the chosen con guration are presented in the table 4 below.

Table 4: Chosen iteration parameters

Wingspan [m] | Surface area [n?] | Mass [kg] Max velocity [m/s] Aspect ratio
2,65 0,60 4,60 25,1 11,7
CL/CD Number of cans | MAC [m] | Minimal velocity, [m/s] Airfoil
28,5 7 0,236 9,99 MH122

4 Design process

Following the optimization process, which established the key dimensions and performance
parameters, the design phase was initiated. The aircraft was required to balance high-speed

performance with payload capacity and the ability to take off within the prescribed distance.
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Preliminary analysis was conducted using XFLR5 to quickly evaluate aerodynamic performance
and guide early design decisions. Based on these results, key elements such as wing geometry
and the mechanization of the wing were implemented. The design was then further analyzed
using ANSYS Fluent to obtain more detailed aerodynamic data. After nal re nements, the

aircraft was modeled in CAD software.

4.1 Aerodynamic design

As The aircraft used in the competition requires excellent ight performance; therefore, the wing
geometry was re ned using XFLR5 software (Figure 12). An elliptical wing planform was se-
lected due to its favorable characteristics in minimizing induced drag. To ensure low landing
speeds, wide aps were incorporated and evaluated within the simulation environment. In ad-
dition to improving low-speed performance, the aps contributed to achieving higher maximum

velocity when retracted up by reducing the effective camber of the airfoil.

Figure 12: XFLR5 wing with retracted aps and aperons
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Figure 13: Pressure contours generated using ANSYS uent

Further re nements of the aerodynamic shape of the aircraft were carried out using CFD anal-
ysis. Modi cations to the fuselage geometry were introduced, along with fairing elements de-
signed to provide a smoother transition between the fuselage and wing, thereby reducing overall
aerodynamic drag. Distribution of pressure over the wing was also re ned. Figure 14a and 14b
show the nal aerodynamic characteristics.
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Figure 14: Aerodynamic coef cients
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4.2 Stability

XFLR5 software was also used to evaluate the stability characteristics of the aircraft. Initial esti-
mates were based on typical values of the tail volume coef cients, providing a reliable starting
point for the design. Subsequent analysis within the software con rmed that the aircraft meets
the required stability criteria, ensuring predictable and stable ight behavior. Figure 15a presents

the coef cient of moment regarding the angle of attack.

Cm Angle of attack [ ]
N 6 8
0.2 |
— MTOW
— Aft
Forward
(a) Coef cient of moment vs angle of attack (b) Position of center of gravity

Figure 15: Stability of the aircraft

To ensure proper longitudinal balance of the aircraft, the obtained static margin was used as
a constraint to determine the optimal placement of payload within the fuselage. The arrange-
ment of cans was analyzed such that the aircraft remained statically stable under all loading
conditions.

The appropriate distribution of cans inside the fuselage was determined based on the moments
generated by individual payload elements with respect to the overall center of gravity (CG) of
the aircraft (Figure 15b). For each con guration, the moments were evaluated to ensure that the
resulting CG location satis es the required static margin criterion.

A summary table 6 presents the calculated CG positions for each payload quantity, assuming
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speci c spatial arrangements of the cans within the fuselage and taking into account the previ-
ously determined static margin. This analysis ensured that all considered loading con gurations
maintain adequate longitudinal stability as shown in Table 5

Table 5: Cans positioning
Cargo Slots in Fuselage

NumberofCans 1 2 3 4 5 6 7
1 X
2 X X
3 X X X
4 X X X X
5 X X X X X
6 X X X X X X
7 X X X X X X X

Table 6: Center of gravity regarding number of cans
Number of Cans Fwd CG, m AftCG, m Actual CG, m Partof MAC [%)]

1 0,020 0,118 0,057 24,2
2 0,020 0,118 0,048 20,3
3 0,020 0,118 0,067 28,4
4 0,020 0,118 0,096 40,7
5 0,020 0,118 0,077 32,6
6 0,020 0,118 0,115 48,7
7 0,020 0,118 0,088 37,3

4.3 Structural design

A key requirement of the aircraft design was to achieve suf cient structural strength while mini-
mizing weight. To meet this objective, lightweight materials with a high strength-to-weight ratio
were selected. Table 7 presents the materials used in the aircraft's construction, along with their
properties and advantages over alternative options. However, material selection alone was not
suf cient. Therefore, extensive calculations as well as FEM structural simulations using ANSYS
software were conducted to verify that the design meets strength requirements and maintains
an appropriate safety factor without introducing unnecessary weight. The FEM analysis was

conducted in two cases: lifting the aircraft by its wingtips and the structural response during
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landing, with the landing gear being mounted directly onto the wing shell. Figure 16 shows

an example result, which is the von Mises stress distribution. More results are displayed in the

appendix.
Figure 16: Von Mises stress distribution inside the structure of the wing
Table 7. Materials used in aircraft construction

Component Material Properties Alternative Advantages

Wings and stabilizers | Carbon bre, Aramid bre High Wooden struc- | Accurately re-
strength- ture with thin | produces the
to-weight Im covering aerodynamic
ratio, shock shape
absorption

Fuselage Glass bre, Aramid bre High Wood or car- | Higher
strength-to- bon bre strength,
weight ratio, improved
shock absorp- aerodynamic
tion, radio- smoothness,
transparent and radio

transparency

Wheels Aluminium Lightweight, In atable rub- | Reduced drag
shock- ber tires due to smaller
absorbing, cross-section
low pro le

Main landing gear Glass bre Lightweight, Wood or alu- | Lighter than
strong, shock- | minium aluminium
absorbing and more

robust than
wood

4.4 Components design

After verifying that the aircraft exhibits stable ight characteristics and suf cient structural in-

tegrity, the next step was to ensure that each primary component performs its function as ef-




fectively as possible. The most critical component is the wing. In this design, the wing was
constructed using carbon ber composites, reinforced with wooden spars and PVC foam ribs.
This combination of materials, together with the outer shell, provides high structural strength
while maintaining low weight. To preserve favorable aerodynamic characteristics, the servos
were integrated within the wing structure, with only essential parts of the control mechanisms
exposed. The retractable main landing gear is also housed inside the wing, further contributing
to aerodynamic ef ciency. The wing is composed of three sections, connected using a bolted joint
system and additional tubular reinforcements to ensure even load distribution. It is attached to
the fuselage via front-mounted cylindrical connectors, which provide a large contact area, and
secured at the rear with fasteners. Both the internal structure and external con guration of the

wing are illustrated in Figure 21.

(a) Full

(b) Inside structure
Figure 17: Wing

The second key component is the fuselage. To prevent interference with electromagnetic signals
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from onboard systems such as GPS and radio equipment, the fuselage was constructed from
glass ber composites. Its surface was nished with lacquer to achieve a smooth aerodynamic
pro le. Internally, wooden reinforcements were incorporated to provide mounting points for
critical components and to enhance overall structural strength. Access to the interior is facilitated
through dedicated access panels located on the upper section of the fuselage. These panels are
secured with magnets and carefully sealed to maintain aerodynamic smoothness while allowing
quick and convenient access. Figure 18b illustrates the fuselage with open compartments and
visible payload. Figure 18a presents the payload mounting system, which was designed for
rapid handling. The entire mounting assembly can be removed from the aircraft as a single unit,
enabling simultaneous extraction of all payload elements. Once removed, the mechanism can
be opened to release the payload, providing a fast and ef cient method for both loading and

unloading.

(a) Payload

(b) Fuselage
Figure 18: Fuselage components

The tail assembly was designed to combine the high structural strength and stiffness of the stabi-
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lizers with practical considerations, such as ease of assembly and convenient access to onboard
electronics. At the same time, aerodynamic ef ciency was maintained through the careful de-
sign of the control surfaces, including minimizing hinge gaps to reduce drag. The tail is also
equipped with a small landing wheel that is connected to the mounting of the stabilizers, which
guaranties structural strength and minimizes the number of mountings. The tail assembly is

displayed in the gure 20a.

(a) Tail assembly (b) Landing gear
Figure 19: Components of the aircraft

The main landing gear is retractable, which contributes to improved aerodynamic smoothness
during the high-speed phase of ight. The retraction mechanism is servo-actuated; however,
both the deployed and retracted positions are mechanically locked. This reduces the load on the
servo during ight and landing, preventing overheating and ensuring reliable operation. The
landing gear structure is manufactured from glass ber composites, providing high strength
while retaining a degree of exibility to absorb part of the impact energy during landing. The
wheels were custom-machined from aluminum using a lathe, ensuring high precision and dura-
bility. They are equipped with ball bearings for smooth rotation and nished with a rubber

O-ring to provide additional shock absorption.
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