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INTRODUCTION
1. PROJECT INTRODUCTION
1.1.1 PROJECT OVERVIEW

This technical document contains the engineering details of the fixed-wing UAV platform
developed by the Gazi University-based Gazi Tayyarecileri ekibinin Air Cargo Challenge 2026
team in line with the Air Cargo Challenge 2026 vision. Our design philosophy is built upon
maximizing operational payload capacity without compromising structural lightness and
maintaining flight safety at the highest level. The developed aircraft has been optimized to
maintain dynamic stability even under heavy cargo loads, thanks to its high-wing architecture
and conventional tail configuration.

1.1.2. Engineering and Design

Our design process is based on an aerodynamic efficiency-focused approach that aims for the
aircraft to exhibit stable flight characteristics under limit loads. During the design validation
phase, precise 3D modeling and CFD analyses performed in SolidWorks ensured the
alignment of theoretical data with practice. In our propulsion system, the T-Motor AT 2814
brushless motor, AT55A ESC ve 3S 1800mah 200c LiPo battery combination was preferred to
meet the critical power requirement during takeoff, targeting high current efficiency.

1.1.3. Mission Requirements and Technical Solutions

The general geometry of the aircraft has been shaped taking into account the challenging
scoring criteria of the competition. The NACA 4412 profile was preferred to minimize drag
forces while increasing lift. This selection ensures that the aircraft maintains a very safe stall
speed of 11.1 km/h and has high authority on the pitch axis. Additionally, the static margin of
the aircraft is kept at %10 level, establishing the ideal balance between control surface
sensitivity and flight stability.

1.1.4. Sistem ve Performans Parametreleri

Prototipimiz, 1600 mm wingspan and 1400 mm fuselage length, offering a compact yet
durable structure. In line with the 4100g maximum takeoff weight (MTOW) target, the wing
loading has been calculated as 9 g/dm. Laser-cut balsa wood was used as the main material
in the structural skeleton; critical stress points were reinforced with karbon fiber boru
serenler and carbon strip reinforcements, creating a hybrid strength structure. According to
eCalc data, our propulsion system can produce According to eCalc data, our propulsion
system, at a 52°C operating temperature, can produce %85 verimlilikle 1787g of static thrust.



1.2 TEAM ORGANIZATION

TEAM LEADER &STRUCTURE&TEST
Abdulsamed AKDENIZ

PiLOT

REPORT&DESING&MANUFACTURE&ANALYSIS Selguk GUL

Emircan UCAN

The Gazi Tayyarecileri team is structured into three main units optimized according to
areas of expertise to manage the design, analysis, and production cycle of the Air Cargo
Challenge 2026 project with professional engineering discipline. Accordingly, Abdulsamed
AKDENIZ, as Team Leader, undertakes the strategic planning of the project, the main
framework of structural design (Structure), and the coordination of pre-flight durability
tests of the prototype, while serving as the central authority overseeing inter-unit data
flow and adherence to the project schedule. Emircan UCAN, who forms the analytical
foundations of the UAV, is responsible for validating aerodynamic analyses, managing high-
fidelity 3D modeling processes (Design) of the aircraft in SolidWorks, and technical
reporting (Report) documentation, ensuring the mathematical optimization of the design
and determining manufacturing (Manufacture) tolerances. Pilot Selguk GUL, representing
the operational strength of the team, transfers his field experience on the aircraft's flight
dynamics and control authorities to the design phase, providing critical feedback especially
on the sensitivity of control surfaces and the effects of center of gravity changes on flight
characteristics, thereby guaranteeing the final flight safety of the system. This integrated
structure represents a holistic project management methodology where each unit
technically supervises and complements the others throughout the process of
transforming the design from data on paper to a physical model.



1.3 PROJECT MANAGEMENT AND TIMELINE

REVISE GANTT CHART

As the Gazi Tayyarecileri team, the project management process has been addressed
with a "Systems Engineering" approach that enables the simultaneous resolution of
complex engineering problems. Each component of the UAV design has been
meticulously planned within the framework of aerodynamic efficiency, structural
integrity, and avionic stability criteria, aiming to optimize mutually constraining
parameters. This management strategy enables the efficient use of resources while
allowing for the early identification and minimization of potential risks within the
design cycle.

Figure 5's detailed Gantt chart clearly demonstrates the critical timeline and task
distribution from the project's inception to the final production phase. Examining the
scheduled process: the team establishment, founded in September with a
multidisciplinary structure, quickly gave way to conceptual design and literature
review phases. In line with the technical requirements identified during this period,
the configuration of avionic systems and the development of control algorithms
phase began in November. The analysis and optimization processes of the design in
the digital environment have been detailed to minimize geometric errors that may
arise during manufacturing.

Following all these analytical preparation phases, the project evolved into the physical
manufacturing phase as of April 2026. In this final phase, processing of selected high-
strength materials, integration of subsystems into the fuselage, and pre-flight
structural tests are being carried out with great precision. This disciplined progress in
project management guarantees that our UAV is prepared in full technical and
operational compliance with the Air Cargo Challenge 2026 competition standards.
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Figure 5:
sponsor

The partnership ecosystem we have established with our stakeholders who provide technical
and financial support plays a critical role in the successful realization of our project. The
social media visibility we offer our sponsors, strategic logo placement on the aircraft
fuselage, brand representation on team uniforms, and the opportunity to be featured in
international technical reports aim to represent brands prestigiously in the global
engineering arena.

Our stakeholders have become our solution partners not only in the financial grants they
provide to our project, but also in technical guidance and access to high-technology qualified
materials (balsa, carbon fiber, etc.) used in UAV production. This sustainable cooperation
model has made it possible to transform theoretical design into a high-standard physical
product. We express our deep gratitude to all our sponsors who have given us vision on our
Air Cargo Challenge 2026 journey and who support domestic technology production.



1.4 Sponsorumuz

Sponsor Logosu

Contribution and Impact

TURKIYE
# TEKNOLOJ;
TAKIMI

The T3 Foundation is committed to
empowering young engineers in line with
Turkey's fully independent technology
initiative and resolutely supporting the
establishment of a high-tech culture in our
country. This visionary support provided by
the Foundation not only gave our team
access to financial resources, but also
opened the door for us to become part of
the extensive technical expertise network
spread across our country.

This strategic contribution played a vital
role in managing the complex operational
requirements we faced within the scope of
Air Cargo Challenge 2026 and in procuring
high-strength composite materials such as
balsa and carbon fiber that form the
cornerstones of our project. Thanks to the
opportunities provided by the Foundation,
we found the chance to transform our
theoretical knowledge into practical and
innovative solutions and successfully
completed the structural optimization
processes of our aircraft.

As part of the National Technology

Initiative, this support we received not only
prepared us for a technical competition, but
also broadened our vision as engineers who
will take responsibility in the future aviation




Sponsor Logosu Contribution and Impact

ecosystem and strengthened our discipline
of domestic production.

1.5 Financial Budget

Material Type Material Name Current Unit Price Material Description

Motor at2814brushless €100,00 The propulsion
system of the aircraft

ESC AT55AESC €29,95 Electronic speed
controller used to
adjust motor RPM




Material Type

Material Name

Current Unit Price

Material Description

Carbon Tube Carbon in different €21,41 Used in the
diameters manufacturing of the
aircraft
Plywood Plywood in different | €4,12 Used in the
thicknesses manufacturing of the
aircraft
Balsa Balsa in different €4,12 Used in the
sizes manufacturing of the
aircraft
Propeller 12.6 Carbon Propeller | €5,18 To be mounted on
the motor
RC Remote Remote Control €164,71 Allows remote
control of the aircraft
Covering Aircraft Covering €8,12 Exterior skin/covering
of the aircraft
Servo Wire Servo Wire €1,06 Transfers movement from
the servo to the aileron,
rudder, and elevator
Control Horn Control Horn €1,65 Connects the metal
clevis to the aileron
Metal Clevis Metal Clevis €1,88 Connects the aileron,
elevator, and rudder
to the servo wire
Heavy Duty Hinge Pin €3,41 Used to connect the

aileron, elevator, and
rudder to the wing
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Material Type

Material Name

Current Unit Price

Material Description

Extension Cable 90cm Extension Cable | €2,71 Provides the
connection between
the servo and the
receiver

Wire Stopper Wire Stopper €2,35 Used to secure the
control wire

Landing Gear Rear Landing Gear €31,76 Rear landing wheel of
the aircraft

Landing Gear Wheel €15,53 Front landing wheel
of the aircraft

Landing Gear Wheel Axle/Holder €48,38 Holds the wheel in
the landing gear
assembly

Battery LiPo Battery (3s €48,56 Battery providing

1800mah) electricity to the
aircraft

Remote Battery LiPo Battery €35,32 Battery for the RC
remote control

Remote Receiver Remote Receiver €25,22 Receiver circuit for

the remote control

2 AERODYNAMIC ANALYSIS AND WING PROFILE (NACA 4412)

2.1.1. High-Wing Configuration

The main reason for preferring the high-wing structure in our aircraft is the high natural
stability provided by the center of gravity (CG) of the aircraft remaining below the center of
lift. This placement increases the aircraft's tendency to self-correct on the pitch and roll
axes, providing stable flight especially under heavy cargo loads. Additionally, having the
wing on top of the fuselage facilitates loading and unloading operations in the cargo bay,
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while minimizing the risk of wing tips hitting obstacles on the ground during takeoff and
landing.

2.1.2. Tapered Wing Geometry

The reason for choosing the tapered geometry toward the wing tips is to increase
aerodynamic efficiency by reducing drag. The advantages provided by this design are as
follows:

Reduction of Induced Drag: By reducing the tip vortices caused by the pressure difference
at the wing tips, it allows the aircraft to fly longer with less resistance.

Weight Savings: This structure, wide at the wing root and narrow at the tips, increases
structural strength at the root where structural stresses are greatest, while preventing
unnecessary weight at the tips, thereby increasing overall structural efficiency.

Precise Control: The tapering of wing tips improves the aircraft's stall characteristics and
helps control surfaces respond more linearly and predictably.

2.1.3. Conventional Tail Structure

Considering international competition standards and the operational requirements of the
aircraft, the conventional tail structure has been identified as the most reliable solution.
The technical reasons for this choice are as follows:

Stability and Control Balance: The independence of horizontal and vertical stabilizer units
from each other allows for more precise trim adjustment during flight and enables the
aircraft to maintain its linear path without loss of balance.

Ease of Manufacturing and Maintenance: Compared to other complex tail types (V-Tail,
etc.), the manufacturing process is simpler and allows for quick repair and parts
replacement in case of field damage.

Center of Gravity Optimization: The conventional structure provides the most predictable
and stable results in calculations of the aircraft's total length and center of gravity,
facilitating pre-flight balancing operations.

2.1.4. Tractor Propeller Placement

The "Tractor" configuration, where the motor is positioned at the nose, provides the
following advantages:

Takeoff Performance: The airflow from the propeller increases the lift force on the wing,
allowing the aircraft to take off in a shorter distance.

Thermal Stability: Having the motor at the very front ensures direct contact with clean
airflow, guaranteeing the motor operates at safe temperatures such as 52°C.
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Balance: Having heavy components such as the motor and battery at the front makes it
easier to maintain the ideal center of gravity (CG) together with the cargo load.

Flight Control: The dynamic airflow hitting the motor's thrust point and tail surfaces
provides high stability on pitch and yaw axes even at low speeds.

The airfoil selection, one of the most critical stages in the UAV design process, plays a
directly decisive role in the aircraft's load capacity, stall characteristics, and overall flight
efficiency. In this context, the NACA 4412 profile has been preferred as the main wing
structure to meet the high payload requirements of the project and to maximize
operational safety.

2.2.1 Wing Profile (NACA 4412) and Numerical Analyses

NACA 4412 is an asymmetric profile known for its high load capacity, with a 4% maximum
camber and 12% maximum thickness ratio. The main motivations for choosing this profile
are:

High Lift Coefficient (CL): Its high lift performance even at low Reynolds numbers provides
the vertical force needed in heavily loaded takeoff scenarios.

Short Field Performance (STOL): High CL values allow the aircraft to lift off at lower speeds,
enabling safe takeoff from short runways.

Structural Strength: The 12% thickness ratio provides sufficient volume for the placement
of internal structural support elements (spar) while keeping aerodynamic drag at
reasonable levels.

NACA 4412 (naca4412-il)
NACA 4412 - NACA 4412 airfoil

2.2.2. XFLR5 Numerical Analysis Results and Evaluation

The XFLR5 analyses conducted to validate the characteristics of the designed wing profile
have detailed the behavior of the profile in different flight regimes. The data obtained is in
full compliance with the UAV's mission definition.

2.2.3 Positive Lift and Angle of Attack Relationship
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Our NACA 4412 profile, thanks to its asymmetric structure, can start generating lift even at
negative angles of attack such as -4°. This feature ensures the aircraft remains stable over a
wide range of angles of attack, while minimizing control loss in sudden altitude changes or
wind gusts.

2.2.4 Maximum Lift and Load Capacity

As a result of the analyses conducted, the maximum lift coefficient value reached by the
profile has been identified as CL = 1.6. This high value more than adequately produces the
aerodynamic force needed to balance the aircraft's weight, especially in "Heavy Lift"
scenarios where cargo capacity is limited.

2.2.5 Aerodynamic Efficiency (L/D Ratio)

The lift/drag (L/D) ratio, the most fundamental criterion determining the glide
performance and range of the UAV, peaks at an angle of attack range of 5° to 7° according
to analyses. This range coincides with the operating point planned for our aircraft's
"cruise" flight, thus achieving the maximum range goal with minimum energy
consumption.

2.2.6 Stall Characteristics and Operational Safety Margin

The stall point, the most critical data from a flight safety perspective, has been observed in
our profile at 15° - 17° bands.

Soft Stall Transition: As seen in the analysis graphs, when approaching the stall point, the
loss of lift follows a gradual course rather than a sudden drop.
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Safety Margin: This wide angle tolerance defines a wide margin of error and a high safety
margin for the pilot, especially during climbing with heavy load or in critical maneuvers.

Cl v Cd Cl v Alpha
Y
Cl/Cd v Alpha o Cd v Alpha

Cm v Alpha
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2.3.1 Figure 1: UAV Technical Configuration and Propulsion System Parameters

This visual contains the system input data optimized by the Gazi Tayyarecileri team for Air
Cargo Challenge 2026. The following results have been obtained in light of the analyses
and critical data in the visual:

Dimensions and Weight: Our aircraft has a 1600 mm wingspan and 31 dm”2 wing area.
Total flight weight has been simulated as 2450 g.

Propulsion System: Using the T-Motor AT2814-900 (900 KV) motor and 12x8 propeller
combination, an ideal thrust-to-weight ratio of 0.73:1 for cargo missions has been
achieved.

Power and Efficiency: At full load, 379 W of electrical power is consumed and the system
reaches a pitch speed of 85 km/h.

Thermal Management: Thanks to the motor and ESC placement, the operating
temperature is maintained at 52°C, ensuring operational safety.

Flight Duration: A steady flight duration of 3.5 minutes, sufficient to complete the cargo
course with a 1800 mAh 3S LiPo battery, is anticipated.
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Tam Sirim Abonelik Siresi Bitimi 2905726
air cargo chalange a C Cils - Prof
Sonuglarda sapmalar alabiir - Hata Payr +-10% propCalc - Pervane Hesaplama News | Toolbox | Easy View | Help | Submit Specs | Language: | tirk
Genel Dikugann Aginid: #Motor Sayis Kanat agkigr Kanat bagesi Siriideme: Rakim Hava Sicaki: Pasing (QNH):
2450 |g | Sirici dahil 1 1600 mm il dam* basilestirimis 500 mASL |25 C 1013 hPa
%64 oz (aym batarya zefinde) 829 g 505 i 006 Cd 640 |RASL |7 °F 29 |inHg
Batarya Hiicresi Tip (Devami / maks. C) - sarj durumu: Yapi: Baiarya Kapasiiest Maks. desar Direng: Gesilim: COran: Ak
LiPo 1800mAn - 8011200 v|-| lam 3 5 |1 P 1800 mAh 6% v 0.0072 | Ohm 37 \ 80 CSureki |52 ]
1800 mAN toplam 120 C Maks. 18 0z
Denetleyici Tip - Zamaniama Alam Direg Adirikc Batarya bajlama kablosu  Uzuniukc Motor bajlama kablosu:  Uzunluic
max 60A v|-| yiksek v 60 A Sireki 0005 |Ohm 80 q AWGI0=5.2Tmm ~| | Q mm AWG10=5.2TmnE ~ | D mm
60 AMaks. 28 oz 0 in 0 inch
Motor Uretici - Tip (Kv) - Sojutma: ¢ = durdunuidu) KV (Tork haricy Yilksilz alam: Sinr (15s'ye kadar) Direnc: Govde Uzuniugu:  #Manyefik Kutup: Agirikc
T-Motor ~| -| AT2814-900 (Long Shaft) (900) ¥ 900 CevidakV 12 A@ 10 V650 W 0082  Ohm ] mm 14 108 ]
Pervane Tip - yoke twist Cap Hatve (Pitch] £ Kanallar Simutation based on Digli Orant Ugus Hizt
belirsiz ML 12 ing 8 ing 2 FCOHST:'TFGHST v 1 | 0 kmh o
548 |mm 052 |mm 115 |10 ] mpn

52 073

n

Yilkle: Sabit Ucug Siirest Elekirikse! GIg: ‘Tahmini Sicakiikc itid-Agiik Yunuskama Hizi:




16

2.3.2 Motor Performance and Efficiency Graphs at Full Thrust

These graphs analyze the electrical and mechanical responses of the motor at different
current values. The following technical conclusions have been drawn from the analysis
results:

Power and Efficiency Balance: The motor operates at 80.8% efficiency at the optimum
efficiency point, minimizing energy loss.

Maximum Performance: While electrical power input reaches 378.9 W at full thrust,
mechanical power output is 256.2 W.

Current-Temperature Relationship: Even at the maximum current draw of 34.91 A, the
motor body temperature stabilizes at 52°C, remaining within the safe operating range.

Thrust Capacity: The system produces 1787 g of static thrust at 6931 rpm, providing the
necessary climbing performance under high loading conditions.

Batarya Motor @ Optimum Verim Motor @ Maks. Pervane Toplam Siiriica Ugak

Ykie: 1939¢ Aam: 12248 Am U914 Statik it 17879 Sirdca Agirigr 3789 Toplam Agirik: 2500
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Anma Geriimi niov Devir': 0433 devidak  Devir: 6931 devidak  Devir: 6931 devidak  Gug-AGiiK 188 Wikg  Kanal YUkl 79.0 giam
Eneri 19.08 Wh EleMiksel Glg: 1402 W Elekdrksel G wsow Tutunma [tksi 9 76 Wib 25.0 0zt
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Min. Ugus Stiresi 26 dalika Tahmini Sicakiic 52°C Kullaniabilr it @ 0 mpn 58502 Plgis) @ Maks 07w 26 mon
Sabit Ugus Siiresi 35 dakika 126°F Yunuslama Hiz: 85 kmi Ploikis) @ Maks.: 2562W  TahminiHiz (yatay). 88 kmh
A 1569 Rm 98.8mo 53 mph Verim @ Maks 624% 55 mph
5502 Denetieyici 48517 epm Tip Hizr 398 kmin Tork 035Nm  Tahmini Hz (dikey) kit
247 moh 026 it - mph
Watimetre o B3] it 438 gW Timanma kapasitesi s:am “Tahmini tirmanma orant 53mis
Adam: uo1A CE 0.15 0z a3t (+20..25") 1030 fimin
Geriim notv 3% 43 48 st T o 5222 om
Gig 4w 87 108 120 14 CF

n10N 5397 rpm

paylas || performanceCalc indir csv (0)

Tam itki Durumunda Motorun Ozellikleri

@

Amper
Sicaklik Yayilimi



17

2.3.3. Longitudinal Stability and Center of Gravity Analysis

The center of gravity calculations made to ensure that our aircraft exhibits a stable
character during flight and maintains the effectiveness of control surfaces are presented
below:

Static Margin: The static margin value has been optimized at 10% to ensure the dynamic
stability of the aircraft. This value ensures that the aircraft remains nose-heavy, minimizing
stall risk and responding in a balanced manner to controls.

Center of Gravity (CG) Position: As a result of calculations, the ideal center of gravity has
been determined to be 129.79 mm behind the wing leading edge (wing root LE).

Neutral Point (NP) and Aerodynamic Center: The aerodynamic neutral point of the aircraft
has been calculated as 149.52 mm. The CG point being approximately 20 mm ahead of the
NP fully satisfies the longitudinal stability criteria.
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Aircraft Center of Gravity Calculator

Aerodynamic Center (AC), Mean Aerodynamic Chord (MAC), Center of Gravity (CG), Neutral Point (NP) and Wing Area
Enter the variables at left using the same units for all enfries.

For an aircraft to be stable in pitch, its CG must be forward of the
Wing Tip Chord (B): Neutral Point NP by a safety factor called the Static Margin, which
is a percentage of the MAC (Mean Aerodynamic Chord).

Wing Root Chord (A):

Stabilizer Efficiency :

'

Mean Aerodynamic Chord MAC = RETSK]
Sweep Distance at MAC (C) = LTS

Wing S Distance (S):
SESREEE nce (5} Static Margin should be between 5% and 15% for a good stability.
Wing Half Span (Y): - Y -~
Stabilizer Root Chord (AA): — d — ¥

Stabilizer Tip Chord (BB): N JL__ c g

Stabilizer Sweep Distance (SS): NPCG ac ﬁ\
Stabilizer Half Span (YY): A G Mnc ' %
Distance between both LE's (D): — B

From Root Chord to MAC (d) = EiERG YY. Y *
From Wing Root LE to AC = Uity ;AC (53]
From Wing Root LE to NP = IR AA }B .
From Wing Root LE to CG = hitNg:]
sl = 310at Low Static Margin gives less static stability but greater elevator
Stabilizer Area = [ER[itk] authority, whereas a higher Static Margin results in greater static
. stability but reduces elevator authority.
Wing Aspect Ratio = (825
Hilmess ° _ Too much Static Margin makes the aircraft nose-heavy, which
Tail Velume Ratio, Vbar = may result in elevator stall at take-off and/or landing.

Whereas a low Static Margin makes the aircraft tail-heavy and
susceptible to stall at low speed, e. g. during the landing approach.

" Choose Low Stabilizer Efficiency if the stab is close to the wing's wake
or behind a fat fuselage in disturbed flow. Choose T-tail for most gliders.

Tail Volume Ratio: The V value indicating the control effectiveness of the tail surface has
been determined as 0.77, thus providing sufficient elevator authority even at low speeds.

2.3.4 Wing Loading and Stall Analysis

The flight characteristics and aerodynamic limits calculated based on the aircraft's current
takeoff weight of 2750 g are detailed below:

Wing Loading: Based on a total wing area of 31 dm”2 and a weight of 2750 g, the wing
loading has been calculated as 89 g/dm”2. This value determines the pressure per wing
and structural strength requirements under the cargo load carried by the aircraft.

Stall Speed (V_{stall}): Assuming a maximum lift coefficient (CL) of 1.6, the stall speed of
the aircraft has been determined as 33.6 km/h (20.9 mph). This data defines the minimum
speed limit required for the pilot to safely control the aircraft during landing and takeoff.

Cubic Loading: The volumetric loading value of the aircraft has been determined as 15.91
oz/ft. This parameter confirms that the flight characteristics relative to the aircraft's scale
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are in a "sporty and stable" range, verifying its resistance to wind effects and overall flight
stability.

Aerodynamic Configuration: The AC (Aerodynamic Center), NP (Neutral Point), and CG
(Center of Gravity) placements indicated in the visual have been optimized to maintain the
longitudinal stability of the aircraft. The CG point being positioned ahead of the NP proves
that the aircraft has a tendency to self-correct in the air (static stability).

Calculate Wing Loading

. sq. in 5q. dm e ca :
Wing Area = pre |[31 | ’ '

- - ounces grams
Aircraft Weight : ‘97_ 1 | ‘275 0 |

Max CIL.
Max Lift Coefficient : -
1.6

Calculate

oz/sq.ft g/sq.dm
|29.07 |89 |

0Z/cubic.ft

. mph Kmih
STALL SPEED : ‘20.9 | ‘33.6 |

Clear

3. YAPISAL TASARIM
Configuration and Geometry

Our aircraft has a 1600 mm wingspan and 1400 mm fuselage length. A conventional tail
structure has been preferred to increase structural strength; the landing gear has been
designed in a tricycle type with a steerable nose wheel to provide stability in ground
operations.

Fuselage and Cargo Integration

The fuselage design has a volume to carry 4 standard cargo cans most efficiently to meet Air
Cargo Challenge mission requirements. The cargo arrangement has been configured
symmetrically around the main fuselage axis to optimize the aircraft's center of gravity (CG)
throughout flight. Balsa wood is used for lightness in the fuselage skeleton, while carbon
tube is used at load-bearing points.

Wing Structure and Strength
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The wing skeleton consists of laser-cut balsa ribs to maintain the NACA 4412 profile structure
that generates high lift force. Carbon fiber tube spars are used in the internal structure to
withstand the bending and torsion loads the wing is exposed to. This hybrid structure
provides maximum lightness with high structural integrity.

Modular Assembly

The design has a modular architecture that can be separated into its main components:
wing, fuselage, and tail assembly. This approach offers easy transport as well as quick parts

replacement and maintenance in case of potential damage.

The primary control surfaces (aileron, elevator, and rudder) that determine the flight
dynamics of the aircraft have been standardized with high-torque and low-latency digital
servo motors that convert control commands from the autonomous flight controller into
physical movement with millisecond precision. The selected actuators have a metal gear
structure capable of handling aerodynamic loads occurring especially at high speeds and in
sudden maneuvers, and by minimizing cycle delays through their PWM signal processing
speeds, they maximize the stabilization precision of the aircraft.

In the phase of maintaining structural integrity, a critical engineering approach has been
demonstrated to eliminate the risk of metal fatigue and loosening that may occur during
long operations, as well as high-frequency vibrations (vibration) from the motor and
airflow during flight. In this direction, M3 class 12.9 quality steel fasteners with high
corrosion resistance compliant with aviation standards have been preferred at all moving
and fixed connection points. These fasteners have been supported with fiber-locked nuts
(nyloc nuts) and loctite applications to prevent vibration-induced mechanical breakage,
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ensuring the continuity of the mechanical configuration and flight safety even under
challenging aerodynamic conditions.
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As the Gazi Tayyarecileri team, the structural architecture of the UAV has been optimized
with a "Systems Engineering" approach in line with the challenging dynamic loads and high
payload capacity requirements of the Air Cargo Challenge competition. In the design, the
main load-bearing fuselage of the aircraft has been configured in a semi-monocoque
structure to minimize aerodynamic drag while maximizing internal volume. This strategic
configuration enables the aircraft to maintain low empty operating weight (OEW) while
exhibiting high rigidity against torsion and bending moments. The tail group establishes its
connection with the fuselage through a high-modulus carbon fiber tube (tail boom),
providing both weight savings and forming a long moment arm that increases the
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longitudinal stability of the aircraft.
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The bottom view of the aircraft technically demonstrates the distribution of payloads on the
main load-bearing skeleton of the aircraft and the effects of this distribution on stability. The
cylindrical cargo units placed symmetrically along the fuselage centerline ensure that the
center of gravity (CG) of the aircraft remains within design limits on both longitudinal and
lateral axes, minimizing the static load on flight control surfaces. This symmetric arrangement
allows the thrust axis produced by the motor to work in harmony with the center of mass of
the aircraft, preventing unwanted pitch and yaw moments that may occur during takeoff and
cruise. This structural configuration, supported by a three-point landing gear arrangement,
ensures both the dynamic balance of the aircraft in the air and the balanced distribution of
loads generated at the moment of landing to the fuselage, thereby maximizing structural

integrity and flight safety.
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This isometric cross-section view demonstrating the internal layout and structural
architecture of the aircraft presents in detail the longitudinal distribution of payloads within
the fuselage and their integration with the structural skeleton. The large internal volume
approach adopted in the fuselage design allows cylindrical cargo units to be safely stacked
along the main load-bearing axis of the aircraft; this placement plan ensures the optimal
alignment of the center of gravity (CG) with the wing aerodynamic center to maintain static
balance of the aircraft. The cargo compartment, clearly visible in the visual, has been
configured in a geometry that keeps the loads stable against inertial loads that may occur
during flight, and the structural continuity extending from the motor mount to the tail boom
has been optimized to increase the torsion and bending resistances of the fuselage. This
detailed internal view technically validates not only the external geometry of the aircraft, but
also the functional internal design meeting operational requirements and the mechanical
relationship between components.
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The wing design has gone through a multi-layered analysis process as it is the most critical
structural component that transfers all the lift force of the aircraft to the fuselage. Laser-
cut balsa wood ribs produced with precise laser cutting technology have been used to
maintain the high lift coefficient of the NACA 4412 profile. The main backbone of the wing
skeleton is formed by a high-strength carbon fiber main spar extending continuously from
tip to tip and bearing aerodynamic loads. This hybrid structure combines the lightness of
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balsa wood with the superior tensile strength of carbon fiber, guaranteeing the structural
integrity of the wing at high angles of attack and during maneuvers. Additionally, wing
trailing edges and leading edges have been reinforced with micro-balsa strips to prevent
deformation of the profile shape.
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3.1.2. Electronic Design

White
6-Channel CH 1 > .
RC Receiver CH2 > Vi il‘?'“’o 1
AC2814 2.4GHz, CH 3 (Throttie) > (Aileron)
Brushless 6-Channel CH4 -
Motor CH5 -—l
ioral| servo 2
= (Elevator)
BOAESC [ =
(Electronic Speed B | -
Controller) v Servo 3
I (Rudder)
Positive i
3S 1800mAh + .
- 11.1V LiPo v+ Servo 4
e Battery - (Aileron)
T Negalive

Components and Connections:
Components and Connection Architecture

Power Source (3S 1800mADh LiPo): It is the main energy source of the system. It provides
power distribution to the ESC and servos through positive (+) and negative (-) poles.

60A Electronic Speed Controller (ESC): It controls the motor RPM by transmitting the power
received from the battery to the brushless motor. Through its integrated BEC circuit, it
reduces the high voltage to a level at which the receiver and servos can operate.
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AC2814 Brushless Motor: It rotates the propeller by operating with three-phase power
from the ESC. The direction of rotation can be easily optimized by swapping any two
cables.

¢ 6-Channel RC Receiver: It processes signals from the ground station and transmits
them to the control surfaces. It receives power from the BEC output of the ESC and
manages the servos through channels (CH1-CH5).

o Servos: They move the control surfaces of the aircraft (Aileron, Elevator, Rudder)
according to signals received from the receiver. The connection diagram is as
follows:

CH1 & CH5: Ailerons.
CH2: Elevator.

CH4: Rudder.
Operating Principle:

When the user moves the sticks on the transmitter, these movements are converted into
radio signals and sent to the receiver. The receiver processes these signals and generates
appropriate control signals for each channel. These signals are sent to the relevant servos
or ESC to adjust the motor speed or the position of control surfaces. For example, when
the user moves the throttle stick forward, the receiver sends a higher throttle signal to the
ESC, which causes the motor to rotate faster. Similarly, when the user moves the turn stick,
the receiver sends signals to the relevant servos, changing the position of the ailerons and
causing the aircraft to turn.

This connection diagram is a useful resource for understanding the basic components of
the RC aircraft electrical system and how they work together. However, when setting up a
real aircraft, it is important to carefully review the technical specifications of each
component and the manufacturer's instructions.

Payload Prediction

As a result of comprehensive performance analyses and flight simulations conducted on the
UAV's load capacity, our target payload for the Air Cargo Challenge 2026 competition has
been optimized as 3 adet kargo kutusu (Ncans, announced = 3). This decision was made to
determine the "safest and most stable" loading configuration that will maximize total score
rather than pushing the theoretical limits of the aircraft and taking operational risks.

The main engineering justifications behind this choice are as follows:
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Strategic Scoring and Bonus Management: When the "Formula 5" parameters in the
competition scoring system are analyzed, it is aimed that the successful completion of our 3-
box target will guarantee the bonus points we desire. This situation is a strategy that
guarantees a high-point return rather than a risky and uncertain maximum load attempt.

Operational Safety Margin and Efficiency: Considering variable weather conditions (wind
speed, density altitude) and the efficiency curves of the motor-propeller group, a "safety
margin" has been left. 3 boxes represent the "guaranteed" load amount with which the
aircraft can complete its operations without straining the motor and without entering stall
risk under any environmental conditions.

Dynamic Stability and Center of Gravity (CG) Optimization: The 3-box arrangement in the
cargo bay ensures that the center of gravity (CG) of the aircraft remains at the most ideal
point within design limits. In this way, flight stability under cargo load is maintained and the
load on control surfaces is minimized.

Y e N
3 ‘\'4.11:::-'. announced if "\"c'm::-'. carried = "\"c'em:i. announced
WY 1F N — N —
B oad A - 2 ‘\'4.11:::-'. announced if "\"c'm::-'. carried — "\"c'em:i. announced 1
payload prediction "™ T SEON — N s
1 J\.{'}'Ulh'_ }1]1][0[[1]{'1‘(] lf ‘.\’('}1]1!4_ ('Ell’l’J‘l‘il - ‘.\’('illlﬁ. il]][ll)'l]]l('('(l 2
0 else
Formula 5

cargo boxes are placed side by side in the cargo bay inside the fuselage. This placement plan
optimizes load transfer by positioning the cargo at the closest point to the main structural
bulkheads of the aircraft. A high-tolerance compression system has been used within the
compartment to prevent the boxes from shaking or shifting during flight. The operational
loading parameters are summarized in the table below:

Parametre Technical Detail / Value

Announced Number of Boxes Ncans, announced||3 Adet

Placement Configuration 3 Rows)

Stabilite Etkisi Neutral CG Change
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The general appearance and internal architecture of the UAV has been optimized to meet the
Air Cargo Challenge mission requirements. In the exploded view render in Figure 2.3, the
integration of structural components of the aircraft and the cargo placement plan are clearly

visible.

The main engineering advantages of this configuration are as follows:

Modular Cargo Bay: 3 standard cargo boxes have been positioned in full alignment with the

fuselage center of gravity (CG), providing operational convenience during loading and
unloading processes.

Hacimsel Verimlilik: The semi-monocoque fuselage structure minimizes parasitic drag while

maximizing the internal cargo volume.

High Wing Stability: The high-wing (high-wing) selection increases the pendulum stability of
the aircraft, offering safe flight characteristics even in heavy loading situations.
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6. Drawings

The technical drawings, symbolizing the transition from the conceptual design phase to the
production phase of the UAV, define all external dimensions and component integration that
directly affect the aerodynamic performance of the aircraft with millimeter precision. The
three-view technical drawing presents basic geometric data such as the aircraft's 1600 mm
wingspan and 1400 mm total fuselage length in accordance with title block standards.

During the design process, the general proportions of the aircraft have been dimensioned to
maintain the balance between operational stability and high maneuverability. The details of
the geometric arrangements made in this direction have been provided.
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