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1 Introduction
1.1 ASAT's Daedalus Project

This report details the comprehensive design cycle spanning the conceptual, preliminary, and detailed phases
of the latest model aircraft from the Aristotle Space and Aeronautics Team (ASAT), engineered speci cally for
the Air Cargo Challenge (ACC) 2026.

This aircraft was developed with four primary objectives in mind:

Maximize ight performance while meeting the speci ¢ mission requirements of the 2026 challenge.
Ensure a reliable and easy-to-manufacture design to facilitate e cient assembly and maintenance.

Integrate innovative design features to improve overall aircraft e ciency and payload capacity, such
as our rst implementation of a retractable main landing gear.

Explore motor con gurations: Evaluate a single or dual motor setup based on the impact on system
weight, aerodynamic drag, and overall mission reliability.

1.2 Team History and Purpose

The Aristotle Space & Aeronautics Team (ASAT) was founded in 2015 by students at the Aristotle University

of Thessaloniki. Over the past decade, we have successfully designed and manufactured nine UAVS, six of
which have represented ASAT on the international stage of the ACC. Our commitment to improvement and
optimization is re ected throughout our participation in the competition, culminating in 2024, when our UAV,
Astraea, secured 8th place a testament to our growing expertise and technical consistency.

ASAT's mission is to connect students passionate about aviation and space technologies, providing them with
hands-on experience in the design and manufacture of aerospace projects.

2 Team Organization

2.1 Departmental Structure

The Aeronautics Team is organized into three primary technical departments: Aerodynamic Design, Struc-
tural, and Hardware supported by the Marketing and Resources departments.

Aerodynamics: Responsible for de ning the model's con guration from conceptual stages to preliminary
design, ensuring the aircraft meets performance and stability targets.

Structural: Tasked with ensuring the airframe withstands all operational loads. This department man-
ages the design, material selection, and manufacturing of all structural components and mechanisms.

Hardware: Integrates all onboard electronic systems, ight controls, and propulsion equipment necessary
for mission success.

Marketing & Resources: These departments manage external partnerships, community outreach, and
the acquisition of nancial and material resources required for project execution.



2.2 Board and Coordination
The team is led by a Project Leader and a Board consisting of coordinators from each department. Coordi-
nation is maintained through a tiered meeting structure:

" Weekly Board Meetings: High-level decision-making and inter-departmental synchronization.

" Weekly Subsystem Meetings: Focused on technical monitoring and task distribution within depart-
ments.

~ Bi-weekly General Meetings: Ensuring team-wide alignment on the overarching project objectives.

2.3 Time Management
2.3.1 Annual Timeline

The annual timeline is developed by the Project leader in collaboration with the Department Coordinators,
guides the team's work, and ensuring the team remains focused on specic departmental objectives while
maintaining clear visibility on upcoming milestones (Figure 1).

Figure 1: ASAT Aeronautics 2025-2026 timeline

2.3.2 Time line Management

While we make every e ort to stay on schedule and meet the primary timeline, we continuously review, re ne,
and expand milestones whenever necessary. This adaptive approach allows us to remain on time whenever
possible, while making essential changes to address evolving project needs and new challenges. Through regular
updates during each general meeting, we ensure that all milestones stay relevant and that we fully comply with
our objectives and overall project goals.

2.4 Budget and Sponsorships

The team's budget was developed by the Project Leader in collaboration with the other departments. Its main
goal was to ensure that all necessary resources and spare parts would be available when needed for aircraft
construction, while keeping overall expenses as low as possible, under 10,000 euros. Below is a table that
presents the annual budget of the aeronautics team 2025-2026.



Table 1: Estimated Bill of Materials (BOM) and Manufacturing Cost

Hardware Equipment Structural Equipment

Item Qty | Unite | Totale | Item Qty | Unite | Totale
Motors 4 55 220 Carbon Fibers 2000
ESC 4 35 140 3D Print Filaments | 15 20 300
BEC 4 28 112 Epoxy 300
Servos 16 50 800 MDF Wood 200
GPS 2 100 200 Consumables 1000
Batteries 4 50 200 Structural Totale 3800
Current Sensor| 2 20 40 Travel Expenses
Receiver 2 65 130 Tickets 7 350 2450
Servo Cables 1 20 20 Accommodation 7 125 875
Consumables 100 Travel Totale 3325

Hardware Totale 1962 Grand Totale 9087

2.4.1 Manufacturing Partnerships

The Marketing department has successfully secured sponsorships for several high-complexity machining pro-
cesses essential for the production of the Daedalus aircraft. These include:

X CNC Machining: Special thanks to TETRAFORM for the precision MDF cutting used to create our
fuselage molds.

X Hot Wire Foam Cutting: Gratitude to Mr. Paximadakis for his technical expertise in shaping the
foam wing sections.

X Waterjet Cutting: Thanks to Tsironas Machine Shop for the high-precision cutting of the fuselage
ribs.

3 Preliminary Tests

3.1 Propulsion tests

The team executed a comprehensive experimental campaign to analyze the e ciency of the integrated motor-
propeller assembly. The team conducted static and dynamic thrust tests using a custom-engineered thrust
stand in the NTUA Wind Tunnel in Athens. The primary objective was to secure high- delity, real-world
measurements to optimize propeller selection and perform performance analysis through all the operational
envelope. Our thrust stand is presented together in Figure 2.

Figure 2: ASAT Thrust Stand.



The testing included 14 propellers over an airspeed range of 0 36 m/s in seven increments and at angles of attack
of 0°, 3°, and 7°. A detailed analysis of these results follows further in this report in the section Aerodynamics
in Propulsion tests.

3.2 Battery Sag Simulation and Capacity Selection

To determine the optimal power source for the aircraft, a comprehensive static battery sag test was conducted,
as shown in Figure 3. This analysis, performed at zero airspeed, simulated a full 180-second active ight pro le
under a continuous load of 30 Amps. This speci ¢ load was chosen to accurately re ect the maximum expected
current draw, directly aligning with the competition's restriction that limits our operation to at most 30 Amps.
Furthermore, a strict safety constraint established by the piloting team dictates that the battery voltage must
not drop below 11.1 V during the active ight phase to ensure continuous control authority and telemetry
stability.

Evaluating the tested capacities against these mission and weight constraints yielded the following conclusions:

" High Capacity (5000 mAh at 342g and 7000 mAh at 447g): While these batteries comfortably
maintained voltages well above the 11.1 V threshold throughout the entire 30A test, they introduce a
severe and detrimental weight penalty to the aircraft's overall mass.

Low Capacity (3300 mAh and 3600 mAh): These lighter alternatives failed to meet the pilot's
safety constraint. Their voltages decayed too rapidly under the continuous 30A load, crossing the 11.1 V
threshold prematurely and risking system brownouts.

Optimal Capacity (4000 mAh at 291g): The 4000 mAh battery presents the ideal compromise. It
successfully sustains the required power for the vast majority of the ight, dropping to just about the
11.1 V limit precisely at the absolute end of the 180-second mark.

Ultimately, the 4000 mAh battery was selected for the nal aircraft con guration. The marginal voltage dip at
the very end of the ight window is deemed an acceptable trade-o given the substantial weight savings achieved
over the 5000 mAh (-17 %) and 7000 mAh (-53 %) variants. This decision maximizes the aircraft's payload
fraction and overall aerodynamic e ciency while remaining within the bounds of safe operation dictated by the
piloting team. While these static tests provide a baseline for selection. The ultimate decision will take place
during upcoming test ights.

Figure 3: Battery Sag Simulation and Capacity Diagram.



4  Aerodynamics

4.1 Aircraft Con guration

Our aircraft utilizes a low-wing layout integrated with a conventional tail empennage. The design employs

a taildragger landing gear with main being retractable, complemented by a rectangular fuselage cross-
section. The following sections provide a detailed technical analysis of these con guration decisions, evaluating
their speci ¢ contributions to stability, drag reduction, manufacturability, and overall mission performance.

4.2 Conceptual Design

The conceptual design phase identi es the aircraft design that maximizes the competition score. This ne-
cessitates evaluating thousands of geometric combinations spanning airfoil, wing, empennage, and fuselage
selections alongside their optimal ight paths. To achieve this, a custom MATLAB algorithm was developed

to generate, analyze, and strictly rank approximately 85,000 unique con gurations based on their projected
scoring performance.

4.2.1 Mission prole

To begin the creation of the designs rst the optimal mission pro le must be selected. All evaluated mission
pro les shared a standard Take-O and a 60-second climb. For the subsequent 120-second distance segment,
three variations were assessed: a) a shallow powered steady descent, b) a steeper steady descent followed by
cruise, c) and an accelerated descent followed by cruise. Simulations revealed that the shallow descent yielded the
highest score, with the steeper descent ranking second. Although pilot consultations deemed this operationally
di cult, a sensitivity analysis con rmed that the relative ranking of aircraft con gurations remained strictly
consistent across both theoretical and realistic ight paths. Consequently, the theoretical path was adopted
as a computationally e cient surrogate objective function for conceptual ranking, deferring realistic trajectory
optimization to the Preliminary Design.

Figure 4. Mission pro le variations.

Based on this ight pro le, parametric analysis isolated Wing Area (S), Aspect Ratio (AR), Payload (Cans), Stall
Speed, and Airfoil type as the primary drivers of the competition score and transport box compliance (Figure
5), forming the basis for all conceptual design permutations. Top-tier aircraft consistently converge within
speci ¢ bounds regardless of annual rule changes. Building on these historical limits, we slightly expanded
the parameter ranges in Table 2 for broader algorithmic exploration, generating all con guration combinations
according to the owchart in Figure 6.



Figure 5. Parameters a ecting the competition score and regulations.

Surface Area [nf] Aspect ratio  Stall speed [m/s] N Of Cans

04 0.7 8.5 125 9 12 4 12

Table 2: Range of parameters

Figure 6: Flowchart of conceptual's design algorithm

4.2.2 Conceptual algorithm

This sizing algorithm systematically evaluated the design space against strict powertrain limits (29A peak, 11V)
and mission requirements. The routine initiated with a 2D XFLR5 screening of 1,400 airfoils, isolating the top 10
candidates using score-weighted aerodynamic coe cients [Table 3]. These were integrated into a double-tapered
wing with a rectangular central panel to satisfy structural and transportation constraints, while a custom 3D
panel method re ned ight-phase angles of attack. Prioritizing predictable control and aerodynamic robust-
ness under adverse environmental conditions, a conventional empennage was selected and sized via Roskam's
methodology, enforcing Nelson's dynamic criteria [Table 4] and a 5% 50% static margin. Crucially, as the
aircraft architecture is progressively de ned, the algorithm incrementally re nes the aerodynamic estimations,
speci cally the drag coe cients (C p). Finally, by integrating these high- delity parameters with a dedicated
mass-estimation module, the entire design space was strictly ranked by maximum point yield, coupling each
con guration with its optimal propeller, based on the performance data of APC propeller manufacturer.



Airfoil Weight factors

Cd_min Nelson's stability criteria
d;%l Cm : (0:3to 1:5) Short period damping sp: (0:2 to 2)

Cimax Static margin: (5 to 50) [%] Spiral eigenvalue: > 0:012
Clg Cmg: (5to 40) Roll time constant: <1:4
Tq Cn : (0:05to 0:4) Dutch roll damping > 0:08
Cm Cn,: (0:06 to 0:1) Dutchroll !  >0:15

C, at zero A.O.A. Phugoid damping >0 Dutch roll frequency ! > 0:4
Stall A.O.A.

Table 4: Stability criteria
Table 3: Airfoil variables

4.2.3 Design parameters selection: Payload and Wing Area

During initial exploration, strict structural, landing gear, and transport box constraints integrated post-
simulation to reduce computational load reduced viable con gurations to approximately 5,000. Our primary
objective was to combine competitive scoring, manufacturability, and robustness. We actively avoided "one-o0 "
theoretical peaks to secure generous error margins against the inherent inaccuracies of Low-Fidelity conceptual
tools.

Following this philosophy, mapping peak scores for 9-11 cans at S = 0.41 0.50 m?2 reveals a critical trap [Figure
7a]. These sit on the extreme edges of the viable envelope. Selecting them eliminates manufacturing tolerances;
any weight deviation causes mission failure. Specically, S = 0.41 m2 is an isolated spike surrounded by severe
score collapses [Figure 8a].

(a) Wing area - Payload - Competition score (b) Payload - Stall speed- Competition score

Figure 7: Heatmap of score dependence versus the selected parameters

(a) Wing area - Competition score (b) Payload - Competition score

Figure 8: Scatter plot of the parameters and the competition score



For 11-12 cans, viable designs and airfoil options drop drastically [Figure 8b]. The 10-can category features one
isolated spike [Figure 8b], while its remaining designs score similarly to the 9-can baseline. Consequently, we
locked the payload at 9 Cans. This secures a highly stable score [Figure 8], bypasses structural uncertainties,
and aligns with historical data showing top-tier teams consistently lifting 3 3.5 kg of useful payload.

For Wing Area, we rejected the marginal 0.4 0.5 m2 range. While it could theoretically support smaller payloads,

it entirely fails to safely sustain our primary 9-can target and lacks the necessary aerodynamic robustness. The
next optimal region is 0.55 0.60 m2. Disregarding isolated peaks, the median score remains stable up to S =
0.58 m? [Figures 8a]. By selecting S = 0.58 m2, we secure an operational "safe zone" [Figure 7a] that e ortlessly
absorbs manufacturing variations, excess weight, and low- delity tool uncertainty. Crucially, while this selected
wing area establishes a strict aerodynamic and volumetric cap at 9 cans, it comfortably encompasses an 8-can
con guration. As evidenced by the scoring trends [Figure 8b], this allows us to deliberately retain the 8-can
payload as a highly competitive, robust fallback for the subsequent preliminary phase.

4.2.4 Design parameters selection: Stall speed and Aspect Ratio

Stall speed dictates a strict trade-o : higher speeds enable heavy takeo s without complex, high- Gnax  airfoils,
whereas lower speeds reduce landing gear stress. Analyzing the safe envelope for 9 cans [Figure 7b], we selected
Vstar = 11 m/s to satisfy takeo requirements while minimizing landing impact. For Aspect Ratio, while AR
greater than 10 reduces induced drag, it severely increases spanwise bending moments. Reinforcing such wing,
requires a heavier carbon layup, introducing a weight penalty that negates any aerodynamic benets. Thus,

AR = 10 perfectly balances aerodynamic e ciency with our composite structural limits.

The established baseline geometry [S = 0.58 m2, AR = 10, 9 Cans, ¥ = 11 m/s], speci cally re-validated
by the algorithm, consistently yields competitive scores, o ers airfoil optimization freedom, and guarantees
robustness against manufacturing errors, thus satisfying our engineering objectives.

4.2.5 Airfoil selection: Global Viability and Design Freedom

To establish the aircraft's core aerodynamic pro le and foundation for spanwise optimization, airfoil families
were evaluated based on systemic e ciency rather than isolated performance anomalies, thereby mitigating the
inherent inaccuracies of low- delity conceptual tools. Assessing the total viable con gurations [Figure 10, grey
bars], the algorithmic ltering process overwhelmingly favored the AG, Selig (S), and SD families. This massive
disparity in design acceptance de nitively eliminates the other families from further analysis. Furthermore,

e ective spanwise blending necessitates a su ciently large and diverse portfolio of unique airfoils. Selig and AG
provide the largest libraries, granting substantial design freedom. Consequently, only the AG, Selig, and SD
families score consistently high across the established payload, surface area, and stall speed parameters, while
simultaneously maintaining a high volume of algorithmically accepted con gurations [Figures 9, 10].

Figure 9: Scatter plot of competition score and Stall speed for every airfoil family



Figure 10: Presence of each airfoil family within the total design space compared to the top 5% of
con gurations closest to the selected target.

4.2.6 Airfoil selection: Operational Proximity to the selected parameters

Focusing on the target geometry [S = 0.58 m?, 9 Cans, Yo = 11 m/s], each airfoil family was evaluated on
how closely its median performance aligns with these parameters [Figure 11]. (Note: Aspect Ratio is excluded
from this proximity match as it constitutes a 3D planform characteristic). Although the HS and HQ families
display a high proximity match, they exhibit a critical de cit in overall survival volume. Among the high-volume
contenders, the AG family leads the operational footprint comparison. Focusing strictly on the top 5% scoring
designs closest to the target geometry [Figure 10, green bars], the AG and Selig families demonstrate comparable
dominance.

Figure 11: Horizontal bar chart and spider chart for the proximity to the selected parameters

4.2.7 Airfoil selection:Landing gear integration and manufacturability

The nal determinant is manufacturability; theoretical performance is invalidated if landing gear integration
compromises the aerodynamic surface. Geometrically [Figure 12], the Selig and SD families exhibit substantial
camber variance complicating spanwise blending and highly inconsistent landing gear compatibility. Con-
versely, the AG family demonstrates rigorous statistical stability, featuring a lower median camber that facilitates
manufacturing and a landing gear integration score approaching absolute precision.

Given this superior target alignment, optimization exibility, exceptional manufacturing predictability, and
elite scoring performance among con gurations strictly converging on the established design parameters (S,
AR, Cans, Vsa ), the AG Airfoil Family is de nitively selected as the primary airfoil family advancing into the
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preliminary design phase.

Figure 12: Statistical analysis for airfoil manufacturability and landing gear integration

4.3 Propulsion System Evaluation and Selection

Initially, a trade-o study and a custom performance code compared a single-propeller setup at 30A against a
twin-propeller con guration at 15A per motor. Although both produced similar gross thrust - with the twin-
motor setup showing a marginal advantage in static thrust - several critical factors ultimately favoured the
single-motor con guration.

Beyond numerical data, pilot feedback was decisive. A single-propeller setup was strongly preferred for its
familiar handling and simpli ed control. Furthermore, a twin-engine design would impose signi cant weight
and drag penalties. The need for redundant components - such as a second ESC and engine, extra cabling, and
structural reinforcements - would increase empty weight and unfavourably reduce the payload fraction.

In the second phase, wind tunnel data from the University of Stuttgart revealed that twin-propeller thrust
decreases more sharply at high airspeeds compared to a single larger propeller. Since our conceptual scoring
analysis showed that higher velocities signi cantly increase our mission score, the single-propeller setup was the
superior choice, ensuring the necessary thrust to maximize points during cruise.

Ultimately, our team's decision was validated through independent thrust tests. The experimental results
con rmed that at the 15-Amp limit, the twin-propeller con guration failed to maintain su cient thrust at high
airspeeds, whereas the single propeller performed optimally. As will be demonstrated in the detailed analysis in
a later section of this report, this empirical evidence solidi ed our choice, ensuring the high-speed performance
required for our mission pro le.

Given our primary objective of achieving high cruise and descent speeds, it was essential to select a propeller
capable of maintaining adequate thrust at high velocities. Based on the experimental results illustrated at
Figures 13a-13b, the propellers that were identi ed as meeting this performance criterion are the 12x12, 11x10E,
12x10E and possibly 13x10. Following this selection, a secondary evaluation was conducted to ensure that these
propellers also ful lled the thrust requirements across all other critical ight phases, such as take o and climb.

To conclude our selection process, the nal propeller selection will be determined following a series of ight
tests. These trials will allow us to evaluate each propeller under actual ight conditions, ensuring the most
accurate comparison.

11



(a) Airspeed - current (b) Airspeed - Thrust

Figure 13: Experimental performance data for selected Propellers

4.4 Preliminary design
4.4.1 Wing Optimization

Conceptual sizing established a baseline con guration de ned by an aspect ratio (AR) of 10, a wing area (S) of
0.58 m?, a stall speed of 11 m/s, and a nominal 9-can payload. To mitigate the inherent uncertainties of low-
delity conceptual tools, an 8 9 can operational envelope is deliberately advanced into this preliminary phase,
as the 8-can con guration retains a highly competitive point yield. Concurrently, eleven Drela-series airfoils
(AG45c03, AG45ct03, AG44ct02, AGL6, AG24, AG25, AG26, AG38, AG37, AG36, AG35), previously selected
for superior mission suitability, undergo high- delity optimization. Wing optimization was initiated using the
above parameters. The process was divided into three phases, with the objective of identifying a wing design
that achieves an optimal balance between lift distribution, drag minimization, lift maximization, aerodynamic
stability, and reduced structural complexity.

(a) Cp rating (b) C. rating

Figure 14: Airfoil rating based on CL and CD

Phase 1: XFLR5 (VLM2 method) was used for 2D/3D analysis and OpenVSP solely for drag. The inboard
wing was constrained to a rectangular planform (no taper, twist, dihedral). Based on structural constraints,
box's dimensions and span, a three-segment wing was selected. Multi-taper was required and a triple-tapered
wing achieved improved lift distribution with near double-taper manufacturability. Initial leading-edge sweep
was 0° (minimum drag, simplicity) but was later revised. Airfoils were reassessed on three representative wings.
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As mentioned in conceptual design phase additional structural constraints included su cient thickness for
retractable landing gear and a relatively at lower surface, reduced feasible airfoils. At the same time, no airfoll
simultaneously optimized lift and drag as shown in gures 14a and 14b.

Thus, aerodynamic twist was applied. Airfoils were divided into: pre-1st taper which includes the aps and
post-1st taper which includes the ailerons, based on thickness, lower surface shape, stall AoA, zero-lift AoA, lift
capability, distribution, and drag. Higher stall AoA favored the outer region while lower zero-lift AoA favored
the inner. It was also observed that aerodynamic twist reduced drag with negligible lift penalty.

(@ C a (b) Cq - Cy

Figure 15: Sample examples of AG26 (red), AG37 (blue) and AG45c03 (yellow) for Reynolds number
equal to 250,000

In conclusion: AG37, AG36, AG35 suited the rst region while the rest suited the second. An iterative process
identi ed optimal taper ratios:

~ =1
=07 038
© 3=0:3 0:45

A geometric washout twist of 1 2° beyond the rst segment prevented premature stall. The exact magnitude of
twist depended on the stall AoA of the selected airfoil for the post-1st taper region. Though slightly reducing
lift, it was considered necessary.

Phases 2 3: ANSA and ANSYS Fluent (Transition SST) were used for CFD.

Phase 2: Top 10 designs were re-evaluated to compare low- vs high- delity results. The deviations were
acceptable thereby validating Phase 1.

In addition, the ailerons still required a larger e ective area, so a 4° aft leading-edge sweep was introduced, to
address this. Figures 16-18 illustrate the di erences between XFLR5 and CFD results for the design that was
ultimately selected for ACC 2026.
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Figure 16: Local Span - CL distribution comparison

Figure 17: Angle of attack - CL comparison

Figure 18: Angle of attack - CD comparison

Phase 3: Designs were analyzed across all ight segments, incorporating control surface de ections and landing
gear deployment, where applicable. CFD data were then integrated into a MATLAB-based simulation.

Evaluation included:

" Takeo distance
~ Climb descent cruise turn performance across varying altitudes, angles, velocities, and turns

Given emphasis for each ight phase:

~ Climb: maximum altitude

14



~ Turn: minimized time

~ Cruise/descent: distance

Over 100 cases were simulated and their corresponding performance scores were computed. The top 10 cases

are presented below in table 5.

DESIGN Name Tg’;fo[f:] oF omnie “f/‘;i'“’['r:l“g] Cow | Cocms | Coms | Comme | POINTS | RATING
4.4 38.232 8 35.106 0.01081| 0.01402 | 0.00623| 0.00645 | 41977924.71 1
4.2 38.218 8 35.034 0.01076| 0.01390 | 0.00627| 0.00645 | 41809774.41  0.989
43 38.297 8 34.891 0.01168| 0.01449 | 0.00636| 0.00652 | 41477611.420 0.977
3.4 38.392 8 34.856 0.01097| 0.01480 | 0.00633| 0.00650 | 41398070.01 0.972
4.4 40.497 9 35.066 0.01081| 0.01402 | 0.00623| 0.00645 | 40973342.23  0.965
4.5 38.330 8 34.621 0.01219| 0.01492 | 0.00655| 0.00675 | 40857552.74  0.961
4.2 40.481 9 34.993 0.01076| 0.01390 | 0.00627| 0.00645 | 40809003.13  0.960
43 40.563 9 34.850 0.01168| 0.01449 | 0.00636| 0.00652 | 40484150.46  0.952
3.4 40.661 9 34.815 0.01097| 0.01480 | 0.00633| 0.00650 | 40406155.75  0.951
3.3 38.463 8 34.413 0.01167| 0.01485 | 0.00641| 0.00661 | 40381510.37,  0.949

Table 5: Design con gurations, aerodynamic coe cients, and overall rating.

Ultimately, the design demonstrating the best theoretical performance while maintaining lift distribution as
close as possible to the elliptical throughout the major ight phases, was selected.The selected design is the
Design 4.4 and it has the following characteristics [table 6]:

Figure 19: Final wing geometry

15t wing's segment's airfoil AG37
2"d wing's segment's airfoil AG37 twisted to AG38
34 wing's segment's airfoil AG38
15t taper ratio 1=1
2" taper ratio »=0:71
39 taper ratio 3=0:42
Overall taper ratio =0:3
Quarter chord's overall sweep angle c=4=0
Leading edge's sweep angle right after :
15t wing's segment Le =4
Dihedral angle right after 15t wing's _:
segment
Geometric twist right after 15t wing's "= 2 (washout)
segment

Table 6: Wing geometric parameters and speci cations.
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4.4.2 High Lift Devices and Flaperon con guration

The wing's high-lift system utilizes a plain ap design to balance manufacturing simplicity with performance.
Primarily analysis indicated that the use of aps alone was insu cient to generate the required lift at the target

takeo speed of 12.1 m/s (1.1*Vgg ). So, to maximize lift capability and achieve the required lift at this speed,
ailerons are integrated into the high lift con guration functioning as aperons. The constant aperon chord

transitions from the second taper point to maintain a straight hinge line, allowing the entire system to be driven
by only four servos to minimize weight.

Wing CL wing | Cp wing | Angle of attack (degrees)| Vro (m/s)
0 ap de ection 0.81 0.035 8 12.1
10 ap de ection 1.096 0.064 8 12.1
15 ap de ection 1.16 0.079 8 12.1

Table 7: Aerodynamic coe cients with application of aperons

4.4.3 Elevator Con guration

A rectangular elevator planform was chosen over a tapered design to simplify actuation, using a single servo for
both surfaces. The surface, sized at 28% of the MAC, provides su cient pitching moment to raise the tail at
0:5 Vro with an 18° de ection, ensuring a stabilized takeo roll.

4.4.4 Rudder Con guration

The rudder features a rectangular design with a chord length equal to 28% of the mean aerodynamic chord to
maintain stability in 10-knot crosswinds and enable coordinated turns at bank angles up to 40°.

4.4.5 Stability analysis: Longitudinal stability

Building on conceptual sizing, the empennage strictly satis es competition and Nelson's stability constraints.
High- delity CFD validated critical parameters, re ning the conceptual C 4 from -0.48 to -0.67. Furthermore,
CFD updated the Static Margin (SM) from the initially estimated 11% (nominal payload) to 7%. This 7% SM
safely adheres to bibliographical limits while optimally enhancing aircraft manoeuvrability.

Xac X ca

Static margin[%] = VAC

100 1)

To guarantee stability across the payload envelope, a mass distribution analysis was conducted [Figure 20].

Finally, to mitigate manufacturing mass discrepancies, a modular cargo bay enables precise post-production

Center of Gravity (CG) tuning.

Figure 20: Static margin relative to payload
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4.4.6 Stability analysis: Lateral stability

To ensure lateral-directional stability, a dihedral angle was introduced outboard of the rst rectangular wing
segment. The optimization of this angle was conducted via a custom MATLAB script, aiming to drive the
rolling moment derivative (Clb) to a moderately negative value, in -0.02 to -0.01 range. This ensures roll
recovery while avoiding excessively negative values that could trigger adverse Dutch roll tendencies and degrade
handling qualities.

Comparative analysis in MATLAB between 4°, 5°, 6°, and 10° con gurations identi ed the 5° dihedral as the
optimal trade-o . While the Clb was tuned for stability, its impact on aerodynamic performance was veri ed
through XFLR5. As evidenced in table 8 for the critical climb and descent phases, examined on our nal wing
design the 5° selection maintains high aerodynamic e ciency (CL, CD, Cm) without the penalties associated
with higher angles, ful lling both stability and performance requirements.

DIHEDRAL ANGLE Cww climb | Cy descent | Cpy climb | Cpy descent | Cyw climb | Cyw descent
0 0.767 0.158 0.02759 0.00630 0.06238 -0.03072
4 0.767 0.158 0.02763 0.00630 0.06104 -0.03061
5 0.767 0.158 0.02763 0.00631 0.06065 -0.03059
6 0.766 0.158 0.02764 0.00631 0.06025 -0.03057
10 0.764 0.158 0.02765 0.00635 0.05845 -0.03051

Table 8: Comparison of aerodynamic coe cients in Climb and Descent phase between di erent dihedral
degrees

4.4.7 Performance analysis

The aircraft's ight performance was evaluated across all phases by analyzing its aerodynamic characteristics,
accounting for an empty weight of 2.35 kg and a maximum payload of 3.15 kg. Using steady-state force
equilibrium, we determined the required thrust and veri ed a propeller that delivers it while drawing under 30
Amps, ensuring a safe power margin. The performance results are summarized in the table below and the ight
pro le [ gure 22], with the comprehensive aircraft aerodynamic polars presented in Figures 21 a,b,c. These
polars speci cally correspond to the descent phase, but serve as an accurate representation overall, since the
aerodynamic behavior does not deviate signi cantly during cruise.

Phases | AoA (Degrees) CL Co Lift (N) Drag (N) Required Thrust (N)
Climb 7 0.767| 0.0391| 53.41 2.72 9.98
Cruise 0.75 0.204| 0.0133 56.8 3.703 3.703
Descent 0 0.136| 0.012 | 55.994 4.916 0.367

Table 9: Aerodynamic characteristics and required thrust for di erent ight phases.
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Figure 21: Aerodynamic polars for the descent phase

Figure 22: Mission pro le

5 Structural Design

5.1 Wing and Tails
5.1.1 Goals, Design Philosophy, and Limitations

The primary design philosophy for the wing and empennage was to balance high structural integrity with ease
and speed of manufacturing, all while adhering to strict dimensional and mass constraints. To safely maneuver
a 5.5 kg MTOW aircraft, the wing should be able to withstand at least a 1.5g load during critical turns, while
a target ultimate load factor of 4.0g was established to ensure structural survivability without major damage.

To satisfy the stringent Rule T/B 1 transport constraints, the airframe was developed through an iterative CAD
packing study that synchronized component sizing with a nal transport box dimension of 880 315 305 mm
(exactly totaling the 1500 mm limit). In collaboration with the aerodynamics department, it was determined
that no single component could exceed 850 mm in length or 300 mm in width, leading to a modular 2.4 m
wingspan divided into three sections: an 850 mm central section with a taper ratio of =1 and two 775 mm
outer panels. This breakdown not only ensured that all disassembled elements including the fuselage and
empennage nested perfectly with minimal wasted volume but also provided the necessary internal geometry
within the constant-chord center section to accommodate a retractable landing gear mechanism. By continuously
resizing airframe segments whenever the virtual bounding box exceeded the 1500 mm threshold, the design team
was able to freeze the airframe lengths once a high-density, optimized t was achieved.
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Figure 23: Wing planform showing the 3 sections and dimensions.

5.1.2 Final Structural Design and Manufacturing Process

To facilitate a rapid and reliable construction process, extruded polystyrene (XPS) foam was selected as the
structural core for the wing and tail sections. XPS was selected over standard expanded polystyrene (EPS)
due to its higher compressive strength, which prevents core-crushing under the vacuum bagging pressure and
localized landing loads. Furthermore, XPS is signi cantly better at resisting humidity absorption compared to
the lighter EPS, ensuring the aircraft's weight and structural integrity remain consistent across varying envi-
ronmental conditions. While this approach slightly increases base weight compared to hollow-ribbed structures,
it drastically simpli es the manufacturing process, providing continuous support for the composite skin and an
excellent surface for vacuum bagging.

The wing features a stressed-skin composite architecture manufactured via hand layup and vacuum bagging.
The baseline outer skin for the entire wing consists of a single layer of 90g/r7'nO/90 carbon ber fabric. Because
the highest bending stresses concentrate near the wing root (approximately at 25% of the chord), targeted
spanwise reinforcements were integrated using unidirectional (UD) carbon ber. Additionally, the full-wrap
909/m2 0/90 carbon skin acts as a closed torsion tube to resist twisting loads during high-speed maneuvers and
aileron de ection.

For the 850 mm central section, the spar caps were reinforced with two layers of 100g/MUD carbon (80 mm
width) on the upper surface to handle compressive loads, and one layer of 100g/?nUD carbon (80 mm width)
on the lower surface, taking advantage of carbon ber's superior tensile strength. Moving spanwise along the
775 mm outer sections, the UD carbon reinforcement is progressively reduced, perfectly tailoring the structural
strength to the diminishing bending moment and saving critical weight. The entire lamination process utilized
the High performance epoxy laminating system SR1700 / SD7820 with slow hardener to ensure optimal ber
wet-out and su cient working time during the vacuum bagging process.

5.1.3 Structural Calculations and Bending Test

To validate the composite layup, an analytical stress estimation was performed at the wing root. To simplify
the calculation, the airfoil shape was conservatively modeled as a rectangular prism with at top, bottom, and
side surfaces.

Maximum Root Bending Stress Estimation:

" MTOW: 5.5 kg (W 54:0 N)
~ Design Ultimate Load Factor (n): 4.0
" Total Lift at 4.0g: L=54:0 N 4:0=216:0 N

Assuming an almost elliptical lift distribution, the center of pressure for each half-wing is located at approxi-
mately 42.41% of the semi-span (y, 0:508 m).

" Root Bending Moment (M root ): (L=2) ¥ ¢p =108:0 N 0:508 m 54:86 Nm.
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Using the exure formula = Ml—y the moment of inertia (1) of the carbon-reinforced rectangular section was

veri ed to keep compressive stresses on the upper 100gﬁﬂJD layers well below the critical buckling threshold
of the composite matrix.

To prove this design in reality, a physical static bending test was conducted. The test wing successfully withstood
the equivalent of a 4.0g ight load without any delamination or structural failure, con rming both the design
calculations and the manufacturing quality. Furthermore, in strict accordance with the mandatory ACC 2026
technical inspection rules, the aircraft was subjected to a physical Wingtip Lift Test. The fully loaded aircraft
(5.5 kg MTOW) was lifted entirely by the outermost points of its wingtips. The wing successfully passed this
test with minimal ex, proving the structural integrity of the spar system under severe point-load bending
moments.

5.1.4 Wing Section Connectors and Internal Load Transfer

Connecting the three wing sections required a robust joint capable of transferring high shear and bending loads
without failing or crushing the XPS core. As communicated with the aerodynamics department, a dihedral
angle of 5 degrees needed to be implemented on the 775 mm outer sections of the wing. To accommodate this,
custom I-beam shaped connectors manufactured from optimized forged carbon were engineered speci cally to
incorporate the 5-degree angle.

These connectors were cast in 3D-printed PETG molds using a matrix of 50% chopped carbon tow and 50%
continuous carbon bers running spanwise to maximize bending sti ness. Due to manufacturing limitations
speci cally the minimum thickness required for reliable mold packing the nal connectors are heavily overbuilt,
with theoretical calculations indicating a failure point above 20g. The connectors are 120 mm long, extending
60 mm into each adjoining wing section.

To prevent the high local loads of the connectors from crushing the XPS foam, custom 3D-printed sleeves were
designed using PETG-CF lament. These sleeves act as load distributors; their outer geometry matches the
internal airfoil pro le to maximize contact area. The at side surfaces feature indents to enhance mechanical
locking with the epoxy resin. These sleeves were permanently bonded into the foam core using the Epoxy
structural adhesive SR7100 / SD7106 for thin bonding with fast hardener, and sandwiched between the upper
and lower carbon skins during the vacuum bagging process, completely shielding the foam core from localized
shear and bending stresses.

Figure 24: |I-beam connectors inside 3d printed sleeve.

5.2 Tails Structural Design

The horizontal and vertical tails were designed and constructed in a very similar philosophy to the main wing.
They feature a stressed carbon ber outer skin over an extruded polystyrene (XPS) foam core to ensure rigidity
and ease of manufacturing. To safely transfer loads and connect to the fuselage, custom 3D-printed sleeves were
also integrated directly into the foam core before vacuum bagging, ensuring a lightweight, durable, and highly
precise empennage structure.
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5.3 Fuselage

Goals, Design Philosophy, and Limitations

The fuselage was designed to simultaneously satisfy several critical constraints:

1. Safely house the payload (0.33L beverage cans) while allowing for rapid loading/unloading access.

2. Provide radio-frequency (RF) transparency in the nose section to house the RC receiver without signal
blocking.

3. Fit within the competition transport box, meaning no individual sub-assembly could exceed 850 mm in
length.

4. Maintain a low structural weight while providing rigid load paths connecting the motor, wing, and
empennage.

5.3.1 Final Structural Design and Internal Structure

Addressing the 850 mm transport limit, the fuselage is divided into three main modules: the Nose, the Cargo
Bay, and the Tailboom.

Composite Skin Design:

" Nose Section: To ful ll the RF transparency requirement, the nose skin is manufactured entirely from
layers of berglass fabric.

Cargo Bay and Tailboom: These sections are subjected to the highest torsional and bending loads
and are thus manufactured from ZOOg/n? 0/90 carbon ber twill. The twill weave was chosen for its
excellent drapeability, allowing it to accurately capture the complex curves of the fuselage.

Component Interfaces & Connections: The lower section of the cargo bay, where the main wing is
mounted, was reinforced with additional layers of carbon ber to sti en the joint and prevent bending

de ection under high ight loads. Similarly, the tailboom's connection point with the cargo bay was
reinforced with extra carbon layers. To securely assemble the complete airframe, the three components of
the fuselage (nose, cargo bay, and tailboom) are connected through four carbon tubes (4 5 mm diameter)
that run through and mount directly into the bulkheads of each respective section.

Internal Bulkheads:

Internal load distribution is managed via a network of precision-machined bulkheads. These bulkheads serve
as structural sti eners, payload mounts, and attachment points for the landing gear and avionics. To minimize
mass, they utilize a lightweight 2 mm honeycomb core. For the carbon fuselage sections, this core is sandwiched
between one layer of QOg/n% carbon ber on each side. For the nose section, RF transparency is maintained by
sandwiching the honeycomb between layers of berglass per side. Extensive lightening holes were routed into
non-load-bearing areas of the bulkheads to further optimize the weight.

Figure 25: Fuselage assembly with internal bulkheads.
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