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This document outlines the design, development, manufacturing, and testing of Chulalongkorn
University High Altitude Research's CUFA-II aircraft competing at the Air Cargo Challenge 2026. The
twin-motor aircraft spans 1.776 meters and weighs 4.20 kilograms, constructed using a conventional rib
and spar wing structure with carbon fiber skin, an ASA-printed fuselage skin and frame, and plywood
bulkheads and longerons. The vehicle is propelled by two T-Motor AT2814 900kv brushless motors and
is designed to carry a payload of three cans housed within the center fuselage bay, accessible via a
removable top hatch. The avionics system is centered around the F4Wing Mini MK1 flight controller,
integrating GPS, air speed sensing, and gyroscopic stabilization, with telemetry transmitted via an
ELRS receiver. The outer mold lines are designed and evaluated using XFLRS and ANSYS Fluent CFD,
while structural integrity is assessed through finite element analysis. The aircraft is expected to achieve
a raw score of 7,355,337 during the flight phase, with a takeoff roll of 31.1 meters carrying a full
payload of three cans.
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I. Nomenclature

Acronyms

ACC = Air Cargo Challenge

AME = Automatic Measuring Equipment

AOA = Angle of Attack

AR = Aspect Ratio

ASA = Acrylonitrile Styrene Acrylate

BEC = Battery Eliminator Circuit

CFRP = Carbon Fiber Reinforced Plastic

CFD = Computational Fluid Dynamics

CG = Centre of Gravity

COTS = Commercial Off the Shelf

CUFA = Chulalongkorn University Fixed Wing Aircraft

CUHAR = Chulalongkorn University High Altitude Research

EOW = Empty Operational Weight

ESC = Electronic Speed Controller

FC = Flight Computer

FDM = Fused Deposition Modelling

FEA = Finite Element Analysis

FoM = Figure of Merit

HoQ = House of Quality

HT = Horizontal Tailplane

LiPo = Lithium Polymer Battery

LLT = Lifting Line Theory

LW-PLA = Lightweight Polylactic Acid

MAC = Mean Aerodynamic Chord

MDO = Multi-Disciplinary Design Optimizer

MTOW = Maximum Take Off Weight

PLA = Polylactic Acid

SM = Static Margin

SRAD = Student Researched and Developed

VLM2 = Vortex Lattice Method version 2

Variables

A = Area S = Wing Area

b = Wingspan Sy = Horizontal Tail Area
c = Mean Aerodynamic Chord Sy = Ground Roll Distance
Cp = Drag Coefficient T = Thrust

Cpo = Zero-Lift Drag Coefficient /W = Thrust-to-Weight ratio
C; = Lift Coefficient V. = Exit Velocity
CLmax = Maximum Lift Coefficient Vy = HorizontalTail Volume Coefficient
Cn = Pitching Moment Coefficient Ve = Freestream Velocity
k = Induced Drag Factor |74 = Stall Speed

Iy = Lever Arm Ww/S = Wing Loading

LD = Lift to Drag Ratio 1) = Bank Angle

n = Load Factor o = Angle of Attack

Pe = Exit Pressure r = Circulation

Peo = Freestream Pressure m = Mass Flow Rate

q = Dynamic Pressure p = Air Density

Re = Reynolds Number c = Density Ratio
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II. Introduction
A. CUHAR & CUFA

Chulalongkorn University High Altitude Research Club (CUHAR), established in 2021, is a student-
led organization dedicated to providing students with opportunities to develop research and engineering skills
in the aerospace field. One of the central initiatives of CUHAR is to promote aerospace engineering in
Thailand through student-driven projects, key examples being the development of fixed-wing aircraft and the

continuous refinement of the organization's advanced sounding rockets, which will be competing at IREC
2026.

Chulalongkorn University Fixed Wing Aircraft (CUFA), re-established in 2025, is a student-led
project under CUHAR focused on developing fixed-wing aircraft. The project was originally founded in 2022,
competing at the 2023 AIAA Design, Build, Fly Competition under the aircraft name CUFA-I, but was
discontinued after the competition. In July 2025, the project was reinstated under the interest of multiple
students and, under the aircraft name CUFA-II, is set to compete at Air Cargo Challenge 2026.

B. Project Objectives

The CUFA-II project aims to deliver three principal objectives: maximizing competition score,
building and applying student knowledge, and developing a modular-use platform. The first objective aligns
aircraft development goals and optimization targets in the same direction for every team member. The second
promotes student knowledge implementation in each member's topic of interest, encouraging new
methodologies and design approaches even where they may not represent the most efficient solution, as the
team is determined to build genuine engineering know-how through the project. The third objective is that
following the competition in Stuttgart, July 2026, the CUFA-II airframe can serve as a platform for further
research at Chulalongkorn University or other institutions.

Figure II-1: CUFA-II Engineering Team Group Photo
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I11. Project Management
A. Team Structure & Management
To efficiently balance technical development with operational logistics, the team operates under a

dual-leadership model, split into Engineering and Management divisions. This structure ensures that all
competition requirements and organizational goals are met simultaneously.

CUFA-Il
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AERO Junior
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Figure [lI-1: Team Structure

B. Leadership

The President of Engineering and the President of Management work in tandem to direct their
respective divisions, ensuring technical outputs and operational workflows align with the club's overall
objectives.

Management Team: Responsible for all non-technical administration, allowing the engineering branch to
focus solely on the aircraft development:

o Finance & Sponsorship: Manages the project budget, tracks expenditures, secures external funding,
and coordinates financial documentation with the faculty.

e Human Resources: Handles official documentation, monitors project deadlines, oversees logistics
(travel, bookings, apparel), and supports internal team well-being.

e Public Relations: Manages the team's public image by designing graphical media and planning
content for social platforms.

Engineering Team: Dedicated to the research, development, simulation, and fabrication of the competition
aircraft:

e Aerodynamics: Leads conceptual design to optimize overall performance and stability, validating key
components like airfoil and wing planforms using analysis tools such as MATLAB, CFD, and
XFLRS.
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e System Performance: Translates competition rules into quantitative technical targets to maximize
scores, analysing crucial design trade-offs (payload, speed, endurance) through comprehensive
performance modelling and simulation.

e Structure: Designs the load-bearing framework to balance structural integrity with mass efficiency,
performing rigorous stress and fatigue analysis using ANSYS Static Structural.

e Manufacturing: Translates digital designs into the physical aircraft through strategic fabrication
planning, executing advanced manufacturing methods including composite fabrication, 3D printing,
and CNC machining.

C. Planning and Scheduling

To maximize the team's chances at the competition, a timeline was drafted accounting for multiple
conditions, including the team's initial lack of knowledge in aircraft design, midterm and final examination
periods, supplier delivery lead times, and the process of establishing relationships with new vendors. The
timeline was designed to match the competition's deadlines while maximizing the team's ability to iterate
toward the best possible competition-ready aircraft by mid-June.

. Rules Announced

. Registration

. Preliminary Report
Project/Team Formation . Technical Report
‘ Conceptual Design ‘ . ACC
\ Preliminary Design
Detailed Design

Flight Tests

Figure IlI-2: Project Schedule

Extra time was added at the front of each process to compensate for the methodology research
required at each stage. For tasks requiring COTS products, additional buffer time was added at the rear to
account for vendor delivery delays. In total, 16 weeks of zero progress due to examination periods were
accounted for, resulting in the first flight prototype being tested in April, with additional design iteration work
compensating for any remaining schedule compression in May.

D. Finance and Sponsorship

Securing the project's overall budget is critical for covering competition fees, logistics, and high-end
component procurement. The successful development, manufacturing, and logistical execution of this project
would not be possible without the support of our faculty, corporate sponsors, and industry collaborators. Their
contributions have equipped the team with the necessary resources to compete at the highest level.

Financial Contributions

We extend our deepest gratitude to our faculty, International School of Engineering,
Chulalongkorn University, which provided the major financial foundation for this year's project. Alongside
our faculty, we are incredibly grateful to our corporate partners for their vital monetary contributions:

_| AerCap: A global aircraft leasing and aviation finance leader based in Ireland,
AERCAP providing fleet management and asset optimization solutions to airlines
worldwide. AerCap supports aerospace education through ongoing

collaboration with our faculty.

Thai Sky Vision (INSEE): A UAV solutions provider specializing in aerial
S i surveying and geospatial data acquisition using its INSEE UAV platform.
The company integrates drone technology with engineering applications.
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SUMMIT Summit Lenso: A Thai manufacturer specializing in high-performance
L'.E g S-;O automotive and aircraft wheels, with expertise in precision manufacturing and
materials engineering.

1) Trus Corp: A space technology company specializing in satellite systems,
TRU S ground infrastructure, and integrated aerospace engineering solutions. TRUS
Corp supports advanced system development.

TRUS CORP CO., LTD.
Material and Manufacturing Partners
To achieve an optimal balance of strength and weight, the team relied on specialized materials and
fabrication services provided by the following partners:

BRP Carbon: Supplied the high-grade composite materials essential for
fabricating the aircraft's lightweight, load-bearing structures.

8 Three Bees: Provided quality 3D printing filaments, enabling the team to
e execute rapid prototyping and manufacture complex custom components.
]
crs CIS: Granted CNC machining credits, which allowed the team to precisel
g p y

manufacture vital aircraft parts and aerodynamic molds.

BRUD RUD Lifting: Contributed specialized hardware and structural goods
necessary for the final physical assembly of the aircraft.

Mini RC: Supplied avionics and electronic components, ensuring reliable
propulsion integration and flight control systems.

Software Providers

To improve productivity and maximize coordination between team members, the team relied on
software provided by these partners.

0) onshape Onshape: Provided access to their advanced cloud-based CAD platform,
facilitating seamless, real-time collaborative design across the entire
engineering team.

In recognition of their invaluable support, all sponsor and faculty logos are prominently integrated into the
aircraft's livery, featured on official team apparel, and highlighted across our public relations and social media
campaigns.

Financial Summary

Items Budget (EUR)
Total Material Budget 5,850

1. Materials 2,270

2. Electronics 2,998

3. Consumables & Mechanics 582
Total Logistics Operations Budget 17,570

1. ACC Logistics (7-Pax Fly-Off Members) 14,998

2. General Operations 2,572
Total Project Budget 23,420
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IV. Mission Analysis & Conceptual Sizing

After the publication of the competition regulations, the team is set on the objective of maximizing the
competition score. Hence, the mission profile and constraints are determined from the regulations, followed
by selecting the conceptual configuration of the aircraft by component, then using estimated performance and
historical data, target weight and sizing can be determined.

A. Mission Profile & Constraints

The mission consists of four phases: take off, climb, descent, and landing; whereby the scoring is
calculated as:

Flight Score = BonuSrgke—off X MaSSpayioaa X Distancegrouna—projected @)

The take-off roll must not exceed 60 meters, with a bonus awarded for rolls of 40 meters or less. The
climb phase is 60 seconds in duration, and the scoring section is 120 seconds in duration, with ground-
projected distance calculated in the scoring equation.

B. Configuration Selection

The team utilized House of Quality (HoQ) diagrams to determine design priorities, converting
mission requirements and score sensitivity into engineering requirements through numerical scoring. The
Figure of Merit (FoM) diagram was then used to determine the design boundaries and configuration of each
component through numerical scoring and trade-off studies.

Engineering Requirements

Customer

Reguirements Importance Percentage

Stability
Dimension
Integration

Manufacturing

Speed 100 18.0% 8 9 3 9 [} 3 0 1 6]
Weight 80 12.8% 9 6 el 6 9 3 3 0 o]
Endurance** 40 6.4% 9 9 3 9 9 1 1 0 o]
Stability 60 9.6% 3 3 el 3 9 3 3 0 1
Transport 40 6.4% 0 0 6] 0 9 9 3 0 3
Structural integrity 50 8.0% 3 1 3 1 9 3 9 9 3
Wing Loading 6.0 9.6% 9 1 3 3 9 9 0 1 6]
Manufacturibility 50 8.0% 1 1 3 0 0 9 9 9 9
Assembly & Repair 75 12.0% 0 0 3 0 9 9 9 3 9
Cost 30 4.8% 0 0 1 1 0 el 0 9 3
Iterativeness 40 6.4% 0 0 1 0 1 9 8 9 3
Sum 625 100% 264 219 126 238 318 2.22 117 1.55 043
15.49% | 12.86% | 7.42% | 13.99% | 18.69% | 13.05% | 6.85% 911% 254%

Table IV-1: House of Quality Analysis

From the engineering requirements, the team then utilized the Figure of Merit to score each
component's conceptual shapes using the criteria from the engineering requirements.

C. Initial Weight Estimation

The weight estimation uses historical data from the CUFA-I, finding the density of material used in
each component, then using the dimensions of the sized aircraft, and overall weight can be estimated.



Chulalongkorn University High Altitude Research CUFA-II

D. Constraint Analysis and Design Point

This section presents the initial aerodynamic design point of the aircraft via constraint diagram
analysis. Initial design parameters from the mission analysis and trade-off study during the conceptual design
phase were translated into quantitative parameters, which form the basis of the constraint parameters. The
final design point was then derived from the intersections of constraint lines, providing the theoretical ideal
wing loading and thrust-to-weight estimations for subsequent detailed sizing process.

Initial Design Parameters

Given the inherent qualitative nature of the mission requirements, a translation process was applied to
convert each objective into quantitative and measurable performance parameters. The resulting constraints
serve as the boundary conditions for which all the constraint values are derived during the constraint diagram
analysis process.

Mission Requirement Design Constraints Quantitative Parameters
Must not stall at low-speed flight Minimum stall requirement V; <11m/s

Take off within bonus zone Fixed ground roll distance Sg<30m

Must climb efficiently Rate of climb ROC = 2m/s
Must maximize cruise distance for a fixed time  Cruise speed Veruise = 18 m/s
Must be able to perform turns to regulation Maximum bank angle Omax = 35°

Table IV-2: Initial Design Requirements

These quantitative parameters were derived partly from the underlying mission requirement, as well
as preliminary calculations based on historical data and educated assumptions. The research into aircraft with
similar flight profiles and operations to the CUFA-II, with the help of general aviation design rule of thumb
concepts, allowed for the computation of key basic parameters such as stall speed and cruise speed. Moreover,
rudimentary thrust vs drag calculation was done to confirm the validity of the cruising speed selected.

In addition to the performance requirement discussed earlier, the atmospheric operating conditions
must be concretely defined prior to any calculation of constraint parameters. With the elevation of 455 m and
200 m altitude envelope defined, the following environmental parameters were computed based on the
International Standard Atmosphere model:

Take off Cruise
Parameters Value Value
Altitude (ASL) 455 m 655 m
Pressure 95,977.08 Pa 93,699.85 Pa
Temperature 285.19K 283.89 K
Air Density 1.1724 kg/m3 1.1498 kg/m?3
Viscosity 1.775 x 10~°Pa - s 1.769 X 10~°Pa - s

Table IV-3: Environmental Parameters

These values, combined with the performance requirements established by Table IV-2 constitutes the
complete input set for the constraint analysis presented in the following sections, which will translate these
input values into an ideal design point for further sizing.

Constraint Analysis

Constraint analysis determines the optimal aerodynamic design point by visualizing each flight phase
as a performance constraint on a T/W versus W/S plot, where the combination of all boundaries defines the
feasible design space. Five operational constraints govern the CUFA-II flight profile:

o Stall — sets the maximum wing loading for sufficient lift at low-speed flight, appearing as a vertical line
independent of T/W.
e Cruise — balances parasite and induced drag terms to determine the thrust required for steady level flight.
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Climb — extends the cruise constraint with an additional thrust margin proportional to the required rate of
climb.

Turn — introduces a load factor n that amplifies the induced drag term by n? driving a higher thrust
requirement than straight and level flight.

Take-off Ground Roll — governs the thrust required to reach liftoff speed within a fixed ground distance,
with thrust demand increasing proportionally with wing loading.

1 Constraint Diagram

take-off
turn
cruise |_|
climb

stall

0.9 —

0.8

e o e
n o ~
T T T

Thrust-to-Weight Ratio (T/W)
o
S

\

0.2

0.1

0 50 100 150 200 250
Wing Loading (N/m?)

Figure IV-1: Constraint Diagram

300

The stall constraint establishes the maximum wing loading boundaries, while the climb constraint
governs the minimum T/W requirement. With the rest of the constraints falling well below the feasibility
range set by the climb and stall constraints. This reinforces the notion that climb is the primary constraint
driving thrust requirement. The design point is therefore defined at the intersection between the stall and climb
constraints; with the addition of an estimated aircraft weight of 4 kg and an aspect ratio of 8, the resulting
output performance parameters are presented as follows in Table [V-4.

Parameters Value
Wing Loading (W/S) 99.40 N/m?
Thrust to Weight (T/W) 0.3858
Thrust Required (T) 15.14 N
Wing Area (S) 0.3945 m?
Wingspan (b) 1.7765 m
Mean Aerodynamic Chord (c¢) 0.2221 m

Table 1V-4: Performance Parameters

The wing area, wingspan, and MAC are then used as fixed geometric constraints for wing design and sizing,
while thrust required serves as the target parameters for propulsion design and configuration selection.

The Multi-Disciplinary Design Optimizer

Determining the aircraft's sizing that outputs the highest final expected score, requires the MDO to be

developed as a MATLAB script to determine the exact wing area and payload weight of the aircraft that can
theoretically output the highest score.

10
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The MDO then compiles every combination of flight paths, trajectories, and propeller configuration
data from wind tunnel testing, a 6 variable grid sweep is computed, the final output was the highest possible
score and the best strategy of that input configuration. The trajectory variables present in the strategy
optimizer are descent angle, climb angle, turn radius, turn-pitching angle, and turn pitching recovery radius.

= Flight Path and Performance Telemetry Algorithm

Every 0.1
seconds Performance

Wing Area Parameters
Payload Mass

Environmental Trajectory path . . Passes
Parameters Determination TR EE N Requirement

Aircraft
Characteristics,

Flight Telemetry

Coordinaie Plot

Figure IV-2: MDO Algorithm

The MDO was developed for Prototype C using data from Prototype B design outputs, the resulting
analysis for Prototype C is still under review and configuration selection for the iterations, the result of the
analysis is shown in the Table IV-5. Compared to Prototype B1, a configuration for the design reiteration for
Prototype C is determined.

Wing Area (m?) Payload Mass (kg) Score Percent Increase
0.35 1.40 8,986,433 17.87%
0.35 1.05 8,332,711 9.30%
0.40 1.40 8,257,566 8.31%

0.45 1.75 7,665,674 0.55%
0.40 1.05 7,623,992 Prototype B1

Table IV-5: Prototype C considerations

V. Aerodynamics

A. Airfoil Aerodynamics & Selection

Selection Criteria & Candidate Survey

The initial phase of the design process focused on identifying a range of airfoil profiles capable of
meeting the specific mission requirements of the aircraft. The adopted research methodology is to extract
historical data of airfoils commonly used within the industry along with highlighting some modern trends of
airfoil observed to be used in high-efficiency propellers and remote-controlled (RC) aircraft.

To scope down many candidates, the primary geometric constraint was set to have a thickness-to-chord (t/c)
ratio between 15% and 18% to ensure structural integrity and sufficient internal volume for spars and
components. We then identified a preliminary list of over 10 candidate airfoils. These candidates were selected
based on their reputation for stable stall characteristics and high lift production at low-to-medium Reynolds
numbers. The shape of each airfoil candidate is then imported into XFLRS5 to perform analysis.

11
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Figure V-1: The shape of (NACA4415) Figure V-2: Cl vs Alpha of NACA 4415

Computational Analysis (XFLRS5)

To analyse the performance of each airfoil, the key parameters or requirements have been setup as a
guideline of what to look for when using XFLR5’s XFoil Direct Analysis (2D).

The key parameters evaluated for each airfoil candidate are maximum lift coefficient (Cp, 145), With a
minimum threshold of 1.4 required; stall angle of attack, where the airfoil reaches its maximum lift
coefficient; and lift curve slope, which characterizes responsiveness to changes in angle of attack. Secondary
parameters including the angle of attack at 0.85 % C} 4, stall characteristics, and the angle of attack at
descending CL were also recorded. These 2D results were then supplemented by 3D analysis in XFLRS5's
Wing and Plane Design to verify and visualize airfoil behaviour in the installed wing configuration.

Figure V-3: 3D Wings Visualization Figure V-4: CL/CD vs CL of NACA4415 Wing

The 3D analysis was performed in XFLRS5 using the Vortex Lattice Method (Horseshoe Vortex) with
Polar Type 1 fixed-speed configuration, evaluated at two speed conditions: maximum speed (V4 ) at 18 m/s
and minimum power climb speed (V3,) at 11 m/s. The primary objective was to record the lift-to-drag ratio
(C,/Cp) at the lift coefficients corresponding to each speed condition, Cj, ¢ryise and Cy, cjmp- Following the
completion of 2D and 3D analyses, all recorded parameters were compiled and ranked to identify the airfoil

that best satisfies the design requirements and exhibits the most favourable in-flight characteristics for the
CUFA-II.

Final Selection Performance

To move from raw data to a final design choice, we implemented a Weighted Scoring Sheet. This
model translated qualitative and quantitative data into a numerical rank, ensuring an objective selection
process.

12



CUFA-II

Chulalongkorn University High Altitude Research
Criteria Parameters Importance Weight Importance Zone |Why this importance
Minimized CD at Cruise "Distance Phase” Less drag here can 1)
Lowest Drag at the most critical phase (may increase Vmax at
ClCd at Cruise-Descent 10| 0.3846153846|High desecnt)
Minimized CD at Climb Less Drag here can 1) Can assure climb
ClCd at Vy 6| 02307692308 |Low - Medium angle and can reach required altitude within time
Cm/4 0 0
Dictates the rotate alpha of the aircraft (can tell the geometry it
Alpha at 0.85*Clmax (1.22) 2(0.07692307692 |Low rotates)
Allowable margin of alpha that can be used (alpha pulled
Stall Alpha 3| 0.1153846154| Medium between maneuvers and safety margin)
Stall Charact 0 0 [Minimum
Responsivity of the wing lift (However, it can be compensated
Clvs Alpha slope 0 0fLow from the empannage
CL at Alpha Descent 5[ 01923076923 |High The extra drag induced by Lift (if high alpha, more drag)
Sum 26 1
High 8-10
Medium 47

Low

1-3

Table V-1: Scoring sheet Criteria for Airfoil Selection

The score is then ranked and the candidate with highest score is selected to be the main wings airfoil

of CUFA-IL

Ranking Airfoil Score
1% (Selected) NACA 4415 56.51%
2nd NACA 63(3)-218 53.85%

3rd NACA 4418 52.72%

4th SD7003 52.51%

5th CLARK-YM 47.38%

Table V-2: The Ranking of Airfoil Candidates

Following the scoring process, the NACA 4415 emerged as the optimal choice for the main wing,
offering the best balance of high Cj 4, Wwithin the required thickness-to-chord range, predictable stall
characteristics, and ease of manufacturing due to its well-documented geometry. The same selection process
was repeated for the empennage, with candidates narrowed to symmetric airfoils only, as these avoid adverse
effects on the aircraft's lift generation — a key consideration for stability analysis covered in the dedicated

section.

For the elevator (horizontal stabilizer), the selection criteria prioritized symmetric aerodynamic
response. After evaluating several candidates within the NACA 4-digit symmetric series, the NACA 0015 was
selected as the winner. Its key characteristics consists of:

e Symmetry - Ensures identical handling qualities for both upward and downward pitch authority.
e Thickness - The 15% thickness provides a robust internal volume for the elevator spar and
control linkages without a significant drag penalty at low angles of attack.

Component Selected Airfoil Reasoning

Main Wing NACA4415 High lift-to-drag ratio and excellent Cj, 4, for
heavy lift/climb.

Empennage NACAO0015 Consistent symmetric response for

longitudinal stability.

Table V-3: Airfoil Selection Summary

13



Chulalongkorn University High Altitude Research CUFA-II

B. Wing Design and Preliminary Sizing

Sizing Methodology

The wing sizing process began with the results of a Constraint Diagram, which provided an initial
estimate for the required wing area (S) to satisfy take-off, climb, and cruise requirements. This theoretical area
was then refined against real-world operational constraints and geometric targets.

The wing design was developed under defined geometric and performance constraints. To ensure
compatibility with the transport box, a strict limit was imposed on the total wingspan (b), capped at 2.0
meters, corresponding to a maximum of 1.0 meter per wing half. In terms of aerodynamic performance, an
aspect ratio (AR) of 8 was selected as the design target, representing an optimal balance between minimizing
induced drag and maintaining sufficient structural rigidity without incurring excessive wing weight.

To identify the most suitable wing planform, a House of Quality (HoQ) and Figure of Merit (FoM)
analysis were conducted. Various configurations—including tapered, elliptical, and rectangular wings—were
evaluated against weighted criteria such as ease of manufacturing, stability and stall characteristics, and
aerodynamic efficiency. Priority was given to designs that could be accurately fabricated with available tools,
exhibited predictable and stable stall behaviour, and achieved a balanced lift-to-drag performance.

As a result, the Rectangular Planform was selected. While an elliptical wing is theoretically more
efficient, the rectangular wing offers superior stall characteristics (stalling at the root first, allowing for aileron
control deeper into the stall) and significantly simplifies the construction of the constant-chord ribs. Based on
the AR = 8 target and the initial area constraints, the final dimensions were calculated as follows:

Parameter Value
Total Wingspan 1.776 m.
Chord Length 0.221 m.
Aspect Ratio 8.0
Wing Area 0.3945
Planform Type Rectangular

Table V-4: Wing Design Parameters

The final wingspan of 1.776 m safely respects our 2.0 m limit while providing the necessary lift surface area
to meet the performance targets identified in the computational analysis phase.

High-Lift System Design

The high-lift system present in the CUFA-II B1 model is the flaps. The
requirement for designing the flaps is that it must produce a Cp ;45 of 1.7 or
more when rotating, at an angle of attack of 12 degrees or less, due to the 40
meter take off roll design. The landing of the aircraft is also considered, since
the maximum allowable landing speed of the aircraft is 13.5 m/s to prevent
structural damage, using maximum deflection the flaps much achieve a Cj ;g
of 1.7 or more, same criteria as taking off.

The flaps are sized with a chord-wise ratio of 0.36, and a span-wise
ratio of 0.75, utilizing the whole wing section from the fuselage to the aileron,
with a maximum deflection angle is 30 degrees. The analysis methods utilized
XFLRS5 to determine the CL — alpha plot at 11 m/s with CFD for data
verification. The resulting CL at the rotate point on take-off is 1.72 at an angle
of attack of 9 degrees.

Figure V-5: CL alpha plot for Wing at Flaps 20 degrees
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Initial Drag Estimation and Numerical Analysis

The initial drag estimation adopted a zero-lift drag coefficient (Cp ) of 0.03, alongside an Oswald
efficiency factor of 0.84 and an induced drag factor k of 0.047, which served as the baseline aerodynamic
parameters for preliminary sizing. These estimates were subsequently refined through component-level CFD
analysis in ANSYS Fluent, which determined a total drag of approximately 3.62 N at the cruise condition of
18 m/s, corresponding to a Cp of 0.049. The breakdown revealed that the main wing contributed the largest
drag share at 54.13%, followed by the landing gear at 22.30% and the fuselage at 11.45%, with the
empennage contributing the remainder. The CFD results further identified regions of flow separation and
elevated pressure drag around exposed components, confirming that parasitic drag dominates the overall drag
profile.

Numerical validation was performed by comparing both lift and drag outputs between ANSYS Fluent
and XFLRS5 across a range of angles of attack from —4 to 12 degrees. The lift coefficient showed near-linear
growth with angle of attack in the pre-stall regime in both solvers, confirming strong agreement with
aerodynamic theory. Drag predictions followed consistent trends across both methods, with minor deviations
attributable to mesh resolution and turbulence modelling assumptions in the CFD setup. The Fluent
simulations additionally captured viscous effects, wingtip vortices, and pressure distribution features inherent
to the rectangular planform that are not resolved by the lower-fidelity XFLRS5 analysis.

C. General Performance and Payload Estimation

Preliminary Performance Estimation

In the initial design phase, performance parameters were calculated using fundamental flight dynamic
equations. These estimations provided the baseline required to verify if the aircraft could meet its mission
objectives.

Key parameters calculated during this phase included:

o Stall Speed (I;) - Determined to ensure safe take-off and landing transitions.

e Liftoff Speed (V,() - Estimated to define required runway lengths.

e Economic Speeds - Minimum Power (V;p) and Minimum Drag (V) speeds to optimize endurance
and range.

e Climb Performance - Best rate of climb (V},) and required thrust/power settings.

e Aerodynamic Efficiency - Maximum lift-to-drag ratio (L/D) to establish the glide polar.

As specific motor-propeller performance data was initially limited, we utilized manufacturer-provided
specifications to set an estimated maximum velocity (V;,,4,) of 18 m/s. This served as the primary constraint
for our preliminary performance boundary.

Computational Modelling and Trajectory Analysis

In the process of detailed design, the more accurate aircraft performance calculation model is required
by implementing the MDO script integrated with Computational Fluid Dynamics (CFD) results.

The MDO script solves the non-linear equations of motion to generate detailed flight profiles, while
trajectory mapping the various mission phases—including climb-out, cruise, and descent—to visualize the
aircraft’s path and power consumption. The output flight trajectory here is the path that outputs the highest
score. Furthermore, by integrating CFD-derived drag polar data, the model produces more reliable results that
account for the specific aerodynamic interference effects of the airframe.
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3D Flight Trajectory
Climb Throttle: 100% | Turn Radius:| ™ 1akeoll Roll

£
z
8
3
=

X Distance (m)

Figure V-6: Performance Telemetry Figure V-7: Trajectory Mapping Predictions

Performance Summary

Parameter Value
Max Speed ~22 m/s
Stall Speed 10.59 m/s
Climb Speed 18.17 m/s
Minimum Drag Speed 13.72 m/s
Minimum Power Speed 10.42 m/s
Static Thrust (total) ~17N
Rate of Climb 2.27 m/s
Induced Drag Factor (k) 0.047
Max Lift to Drag Ratio 11.48

Table V-5: Performance Summary Table

It is to be noted that these parameters and the rest of aircraft performance calculations is mainly for
estimating the potential and capabilities of aircraft performance during the process of designing and
manufacturing. The real-world performances results of aircraft will be recorded from future test-flights and
can be used to integrated into current calculations model for future optimization in the next iterations of
CUFA-II.

Payload Prediction

Through the initial scoring analysis, it is concluded that gaining ground projected distance with
minimal payload carried would score the team most during the flight, additionally, with limited ground roll
length during take-off to gain the bonus, and the low thrust output the aircraft has been developed to carry 3
cans of payload. The B1 prototype aircraft fuselage has been lofted for 3 cans at maximum, however, with the
B1 prototype characteristics the MTOW of the aircraft is 4.5 kg, meaning it may carry an extra payload if
fuselage is lengthened during iterations in May (Prototype C) with concerns of the 13 critical dimensional
penalties.

D. Empennage Design & Stability Analysis
Static longitudinal Stability

Static longitudinal stability describes the tendency of an aircraft to generate a restoring pitch moment
following a disturbance in angle of attack, returning the aircraft to equilibrium. This mode was prioritized as it

directly governs pitch control behaviour and mission reliability, with analysis conducted at the design cruise
velocity of 18 m/s.
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Four criteria were used to evaluate the sizing output: a static margin of SM > 15% to ensure adequate
separation between the neutral point and CG; a negative pitching moment slope across the flight regime; a
trimmed condition occurring at a positive angle of attack; and tail volume coefficient and lever arm values
constrained to geometrically realizable bounds.

dCpm

PR 0 for all a within the flight regime Cn = 0at agpim > 0°

A parametric study was conducted in XFLRS, varying tail area, lever arm length, and horizontal tail
incidence independently to evaluate stability sensitivity before committing to a final geometry. Sizing was
then performed across four candidate CG locations reflecting realistic mass distributions under varying
payload configurations, with results presented in Table V-6.

Xcg-ac Xcg  span  chord Sh Sh Vu ly SM
c c S,
0.05 0.3 0.43 0.1075 0.046 0.11773 0.53275 0.8 15.28%
0.1 035 048 0.12 0.0576 0.1467 0.66385 0.8 15.14%
0.25 0.5 0.6 0.15 0.09 0.2293 0.88168 0.85 15.51%
0.5 0.75 0.7 0.175 0.1225 0.312 1.27065 0.9 14.90%

Table V-6: Longitudinal Static Stability Parametric Analysis

: : . . . . d
The selected configuration achieved a static margin of 15.51%, with a negative % confirmed across

the operating flight regime and trim occurring at a positive angle of attack, consistent with normal cruise
attitude. The tail volume coefficient and lever arm fall within geometrically realizable bounds relative to the
overall CUFA-II airframe layout.

Lateral Stability

The lateral stability of the CUFA-II was evaluated using a numerical approach implemented in
MATLAB. Stability derivatives related to rolling and yawing moments with respect to sideslip were
determined to assess the aircraft’s response to lateral disturbances. These parameters are essential for
characterizing lateral—directional behaviours and ensuring adequate stability and controllability under
operating conditions.

Control Surface Sizing

The control surfaces that are sized include the ailerons, rudder, and elevator. The elevator is sized with
the criterion that must satisfy the take-off rotation of the aircraft, which is determined using equation (3) to
find the CL required by the elevator for the rotation. The requirements are to rotate to 9 degrees in 1.5
seconds, with flaps deployed the CL required for the elevator is -0.184. The elevator’s chord-wise ratio is 0.35
and utilizing the whole horizontal stabilizer span section, the maximum deflection angle will be 20 degrees,
clockwise and counterclockwise.

260
Ly - (XWAC _Xmaingear) + (LHT + Leleuator) ’ (XHTAC — XMain Gear) = IAircraft (t_z) 3)

Rudder sizing for the CUFA-II was driven by asymmetric thrust and crosswind landing, which impose
the highest yaw control demands, especially at low airspeeds. An iterative approach was used: the vertical tail
geometry was defined, key ratios (S./Sy, B//By, C//Cy) were selected, and the required rudder deflection was
evaluated against allowable limits. Parameters were adjusted until the criteria were satisfied.

The ailerons are sized to satisfy the control requirement of the aircraft performing a turn in-flight. The
equation used to determine roll rate is (4), the desired bank angle(¢ ) is 35°, and the time to perform the
roll(t) is 0.5 seconds given by historical data. The equation (5) is used to calculate L, , which calculate
Lift(L ) at point y, away from the centre using equation (6).
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_ ¢
P=2

— 2La
N \/P(Stotal)(CDR)(YD)3 ®)
Ly = 2L -y, (6)
Dynamic Stability

Dynamic stability describes the aircraft’s response over time following a disturbance from its trimmed
condition. To evaluate the dynamic stability of the CUFA-II B model, XFLRS was utilized. Initially, the static
stability of the B model was verified by ensuring that the results from foil batch analysis satisfied the primary
criteria of negative pitching slope with respect to angle of attack.

Aerodynamic characteristics were generated through Type 1 analysis using both the lifting line theory
(LLT) and VLM2 method, followed by Type 2 viscous analysis. These analyses provided the operating points
and aerodynamic polars required as inputs for the subsequent stability analysis (Type 7).

Based on the root locus obtained from the Type 7 stability analysis, the primary dynamic modes,
including the short period, phugoid, and Dutch roll modes exhibit eigenvalues with negative real components,
indicating dynamic stability. In contrast, the spiral mode shows a slightly positive real component, suggesting
marginal dynamic instability.

Longitudinal Stability Lateral Stability
Modes Phugoid Short period Roll Dutch roll Spiral
Eigenvalues (1) —0.0167+0.55241 —5.7539+5.71761 -6.1980+ -1.5032+6.85781  0.1093 + 0.001
0.00i
Damping ratio () 0.0302675 0.709346 - 0.214133 -
(damped) (damped) (damped)
Time constant 59.8802 s 0.173795 0.161342 0.665247 -
Time to double - - - - 6.34129

Figure V-8: Eigenvalue

The dynamic stability criteria used in this report are adapted from full-scale aircraft guidelines
presented by Jan Roskam. Due to differences in Reynolds number, aerodynamic damping, and control
responsiveness, RC aircraft typically require higher damping ratios and faster dynamic responses than those
specified for full-scale aircraft.

Therefore, the following adjusted criteria are used:

Modes Phugoid Short period Roll Dutch roll Spiral
Damping ratio () ~0-0.2 0.4-0.8 - 0.3-0.6 -
Time constant - - 0.1-0.5s - -
Time to double - - - - 5-20s

Figure V-9: Dynamics Stability Criterion

The phugoid mode exhibits a damping ratio ((=0.030) within the expected range for lightly damped
motion, and a large time constant (= 59.88 s), indicating a slow and stable long-period oscillation; therefore, it
satisfies the stability criteria. The roll mode, being non-oscillatory, is evaluated using the time constant, and
the computed value (= 0.161 s) lies within the acceptable range, indicating a fast and stable roll response, thus
satisfying the criteria. The short-period mode and Dutch roll mode also satisfy the stability criteria,
demonstrating acceptable dynamic behaviour for the aircraft.
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E. Propulsion
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Figure V-10: T-Motor AT2814 900kv

To ensure a standardized competitive environment, the ACC 2026 regulations mandate the use of the
T-Motor AT2814 900kv, as illustrated on Figure V-10, as the exclusive propulsion device. Project CUFA-II
utilizes two unmodified motors to remain compliant with Rule Motor 27. The technical specifications of the
mandated motor, which serve as the baseline for propulsion analysis, are detailed in Table V-7.

Parameter Value
Name T-Motor AT2814 900kv
Motor Diameter 35.2 mm
Motor Length 54.2 mm
Shaft Diameter 5 mm
Weight 108 g
Rated Peak Current 45 A

Table V-7: T-Motor AT2814 900kv Specification

The propulsion system of Project CUFA-II is fundamentally analysed through Rankine-Froude
Actuator Disk Theory, which models each propeller as a thin disk that imparts a quasi-instantaneous pressure
jump to the incoming stream as illustrated in Figure V-11. According to the conservation of momentum, the
thrust generated is equal to the rate of change of momentum of the air passing through the disk. For our dual-
wing-mounted configuration, the total thrust is the summation of the momentum increments across both

independent stream-tubes:
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Figure V-11: Control Volume View of Propeller Analysis as Actuator Disc

f Motor2: The motors must be unmodified T-MOTOR AT2814 900kv Brushless Motors. Please notice that this is not the same motor as in ACC2024.
You may solder the motor to the ESC or change connectors.
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This governing equation gives the team a clear framework that, to extract the most thrust possible
from the given motor, either the mass flow rate, flow velocity difference, flow pressure difference, or propeller
disk area must be maximized within the given constraints.

By mounting dual T-Motor AT2814 900kv units on each wing’s leading edge, Project CUFA-II uses
the high-velocity slipstream to modify the wing’s global circulation I'. This effect is expressed by the
increased local lift coefficient, allowing for high lift at lower flight speeds. This integration facilitates the take-
off distance bonus that requires lift at low speed. As the propellers accelerate air through the disks, the
resulting momentum flux increases the dynamic pressure g over the inboard wing sections, lowering the
aircraft’s stall speed even with a full payload.

Propeller Selection and Experimental Validation

To maximize distance—weighted heavily in the 120-second mission segment—the design prioritizes
dynamic efficiency over static thrust. Aerodynamic simulations estimate a 16—18 m/s cruise speed using 10x5
to 11x5 propellers. To validate these estimates and determine the empirical thrust-lapse rate, the team moved
from simulations to wind-tunnel testing. A custom SRAD test bench (Hardware-in-the-Loop) monitors thrust,
voltage, and RPM to ensure peak efficiency while maintaining compliance with the 30A current limit.

The team selected Carbon Fiber Reinforced Polymer (CFRP) propellers for their high Young’s
modulus. Unlike nylon blades, which undergo aeroelastic deformation and increased profile drag at high
RPMs, CFRP maintains pitch consistency and helical distribution under load. A shortlist of high-performance
propellers will be finalized on-site to tune for specific acceleration or top-speed requirements.

In accordance with rule Prop4/, propellers are secured to the 5 mm motor shaft via a spinner nut. To
prevent detachment from vibration or torque transients—and avoid the "lost part" zero-point penalty—a high-
strength thread-locking compound (Loctite) is applied during pre-flight assembly.

Electronics Configurations and Power Management

A critical design driver for the CUFA-II propulsion system is the 30A total current limit measured
between the battery and the Electronic Speed Controllers (ESCs). Per rule ESC4¥, our system incorporates a
programmable current limit to mitigate the risk of penalty points. Furthermore, the system also has a hard
limiter of 70A absolute peak, to mitigate the immediate flight disqualification penalty.

VI. Structural & Mechanical Design
A. Wing Structure

Design Principles

The strength and design feasibility of the wing must be carefully evaluated to ensure maximum lift to
drag ratio achievable by the aircraft as well as withstanding loads. From MTOW to EOW, it is important to
ensure that the size and weight align with the competition requirements and is inside the aircraft performance
envelope. The wing was designed to withstand normal load, turning load, gusts of wind, take-off and landing,
as well as pre-flight static tests. To balance between structural integrity and light weight, a reasonable amount
of safety factor must be achieved. As for the strength of aerodynamic performance, the structure was designed
to withstand a maximum lift force of 260 N or approximately a minimum safety factor of 1.5.

Current Aircraft

From these set requirements and limitations, plywood was chosen as a main material with some parts
of balsa wood. Since the material is light weight and is easily cut into any needed shape using a laser cutting
machine. In the B1 model prototype, most of the internal wing structure was built using plywood to construct
main parts such as ribs and stringers. Since the CUFA-II aims for lightweight and reasonable safety factors,

 Prop4: The propellers must be fastened to the motor in a secure way.
$ ESC4: The usage of an ESC with a programmable current limit (battery side) is recommended to avoid penalty points.
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some weight saving holes were added to the wing structure to help in weight reduction in non-essential areas.
Balsa wood was mainly used for leading edge and tailing edge skin to help the plastic monokote sheet to
adhere better to the skin and form the right airfoil shape. The ailerons and flaps were designed with a
simplified internal plywood internal structure, as they do not experience as much load as the main structure.
For the spar design, the design opted for a single square carbon fibre spar for its lightweight and incredible
strength.

As for the motor mount component, the design was based on the principle of cross-sectional area
minimization and thus drag minimization. The load path would be directed to the spar since it is the stiffest
part of the structure using a component of thread insert and bolt. The nacelle would be made of ASA
manufactured by 3D printing technology. The joint hinges design choice is a plastic drywall anchor hinge to
connect all flight controls with the main structure while using control horns to allow servo actuation.

Finite Element Analysis (FEA) involving reasonable load cases and boundary conditions were
conducted, which showed reliable structural integrity through the inspections of parameters such as safety
factors.

Future Plans

After careful consideration and advice from advisors, a conclusion was drawn to utilize the use of
modern technology such as 3D printed honeycomb structure design to improve and optimize the current
design better. The design will try to imitate the potential improvement alternative.

The C1 prototype design shifts from conventional wing structure where it mainly relies on spar and
stringers using wood as material to a honeycomb 3D printed design which aims for a higher strength to weight
ratio than the current design. Though some considerations for the use of a foam core design, it is concluded
that the club did not have the necessary equipment for the manufacturing process. Mainly inspired by the
honeycomb design of a beehive; its shape gives reasonable strength when a lift force load case is applied. The
material and manufacturing process changed drastically from using wood to light weight PLA. This new
design promises a notable wing weight reduction while retaining the same kind of strength. The
manufacturing process could also be sped up since almost no hand-on work is required since all the process is
done with a 3D printer. The number of ribs could also be reduced since the new design will cover the structure
to form the skin using resin and carbon fibre sheets to provide additional strength. Though this stage requires
careful workmanship, it will provide better performance for less manufacturing time. The control surfaces
would also be manufactured in a similar manner, which will yield identical results as the wing. Engine
nacelles, however, will remain the same as the B1 prototype design.

Figure VI-1: Wing Design
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Figure VI-2: Wing FEA
B. Fuselage Structure

Overview

The Fuselage of CUFA-II consists of three main sections: nose, cargo bay, and tail. The fuselage
shape and dimension were designed to satisfy the payload requirement of accommodating three cans within
the cargo bay, housing automatic measuring equipment (AME) and avionics systems, integrating with wing
and tail, and load case requirements on the aircraft. The selected fuselage shape is based on a rectangular
shape cross section with an edge fillet to optimize the internal space of the aircratft.

Current Aircraft

The fuselage was evaluated using Finite Element Analysis under several critical load cases, e.g,
landing impact, bending induced by wing lift, and torsional effects. All simulations were conducted using
appropriate boundary conditions to represent realistic operating scenarios. The results indicate that the
induced stresses remained below the allowable material limits with the applied safety factor. No structural
failure or excessive deformation was observed. The nose section comprises four main components: the upper
nose cone, the lower nose cone, landing gear mount, and the avionics bay. The lower nosecone structure was
designed to support the landing gear assembly and transfer load to the main frame. The upper nosecone can be
opened using a hinge as a method of accessing all avionics components. Through this access, the avionics box
is integrated into the nose section via a sliding rail mechanism for fast access. Before each flight, the upper
nosecone is closed and secured with lower nosecone using snap-in annular joint and mechanically fixed by
two screws. The central section of the CUFA-II serves as the primary cargo bay, designed to accommodate
three cans. The outer skin of the fuselage was manufactured using ASA filament, providing a balance between
strength, durability, and environmental resistance. The payload was supported and separated by plywood
frames, which also contributed to structural integrity by resisting compressive loads. The payload bay was
accessible through a removable top hatch, which also included an upper securing feature to prevent
displacement of the cans. For manufacturing and assembly, the payload bay was divided into three sections,
each corresponding to one compartment. These sections were 3D printed separately and joined using adhesive
bonding and bolts. A rectangular opening was incorporated to accommodate the wing mount, where the wing
was attached using a carbon fibre spar to ensure a strong and stable connection. To enhance stiffness and load-
carrying capability, small carbon fibre rods were integrated into the structure, functioning similarly to
longerons by reinforcing the fuselage against bending and torsional loads. Primary longerons were
incorporated along the sides and bottom of the fuselage to ensure overall structural strength, while holders
were attached at the bottom of each compartment to secure the payload.
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Figure VI-3: Fuselage Internal Structure with payload

The aft-most section of the fuselage will be housing the rear landing gear as well as the tail boom
attachment point. To further support the tail boom, a honeycomb core tail cone made from ASA was used as a
supporting part. The tail cone is produced as a single printed part, with the internal honeycomb lattice and
outer aerodynamic skin formed as one continuous piece to eliminate secondary bonding and ensure
continuous load paths across the core-skin interface. The honeycomb is exposed on the forward face of the
cone, allowing it to act simultaneously as a stiffening core for the skin and as a load-distributing bulkhead at
the interface with the forward fuselage. Its hexagonal cell geometry provides a high stiffness-to-weight ratio,
distributes localized loads into the surrounding structure, and contributes to impact energy absorption through
progressive crushing during landing.

Tail Cone & Rear Landing Gear Mount

The tail cone is mechanically joined to a separate aft fuselage frame via M3 screws through mating
tabs. The tail boom passes through a hole in the forward face of the cone and is secured at the aft end by two
M3 screws and nuts, transferring bending and torsional loads from the empennage into the honeycomb
bulkhead and onwards into the plywood fuselage frame through the bolted interface. The rear landing gear is
mounted externally to the underside skin between the frame members using four M4 screws and nuts,
directing touchdown and taxi loads into the honeycomb structure. ASA was selected for its availability and
favourable balance of mechanical properties, including impact toughness, stiffness, and dimensional stability,
making it well suited to a load-bearing printed component.

Figure VI-4: Tail Cone and Tail Boom Mount

23



Chulalongkorn University High Altitude Research CUFA-II

To validate the structural integrity of the aft fuselage section under the loads transmitted by the tail
boom, a static structural finite element analysis was conducted in ANSYS. Due to the limited computational
resources available, the honeycomb tail cone and patterns were omitted from the model, and the analysis was
performed on the aft fuselage frame alone, which is manufactured from ASA and represents the primary load-
bearing structure reacting the tail boom loads through the bolted interface. The ASA was modelled using
isotropic properties, which, while neglecting the anisotropy introduced by the layered structure, provides a
reasonable first-order approximation suitable for a preliminary strength assessment. The frame was fully fixed
at its forward interface to represent its attachment to the rest of the airframe, and the load representing the
acrodynamic moment generated by the empennage was applied at the free end of the tail boom, allowing it to
be transferred through the boom and into the frame in a manner consistent with the in-service load path.
Maximum principal stress and total deformation were extracted as the primary result quantities, with the
principal stress used to assess the onset of failure in the material and the total deformation used to confirm that
deflections at the tail boom attachment remained within acceptable limits for maintaining empennage
alignment. The analysis yielded a minimum factor of safety of 1.3 against the yield strength of the plywood,
indicating that the frame can withstand the designed tail boom loads with an acceptable margin, with the
honeycomb tail cone providing additional stiffness and load redistribution in the physical assembly that is not
captured in this simplified model.

Figure VI-5: FEA Results of Tail Boom Mount

Future Plans

For the C1 prototype, the design will aim for a simple and homogenous design, where parts and
components will be reduced to minimize the use of fasteners and prioritize better load transfer within the
design. 3D Printed design will be further utilized along with the 6mm carbon rods to maximize the strength to
weight ratio and impact strength of the design.

C. Empennage Structure

Overview

A conventional empennage structure was selected for the Bl prototype, with a main structural
skeleton consisting of two 6 mm circular carbon spars, one for the horizontal stabilizer and one for the vertical
stabilizer. Both the horizontal and vertical tails are divided into two parts: the main structure and the mounting
structure.

The main structure focuses on overall weight reduction; balsa was therefore selected as the primary
material for the ribs and spars, which are covered in Monokote as the skin. In addition to the balsa
components, two 8 mm rectangular carbon fibre bars with a 6 mm inner diameter (coupled with the 6 mm
circular spar) were used as a spar on each side of the horizontal tail and the vertical tail. For the mounting
structure, a 3D-printed grid infill structure made from ASA was implemented to maximize the strength-to-
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weight ratio and improve load distribution across the assembly. The mounting structure connects the
horizontal tail, vertical tail, tail boom, and houses the servos.

The servos were integrated directly into the mounting structure, with the aim of embedding them into
geometry as much as possible to minimize any unnecessary protruding surface area that could affect the
control authority of the aircraft. The final servo placements were chosen to be on the bottom-rearmost part of
the vertical tail mount and on the right side of the horizontal tail mount. A fairing was required for the
horizontal tail, as there was insufficient space to fit the servo completely within the structure. Both the
elevator and rudder follow the same composition as the main empennage structure, with balsa ribs and a front
spar supported by a 6 mm carbon rod located around the midpoint of the chord length. The control horn
mounts are 3D-printed from ASA, and the finished structure is covered with Monokote.

Future Plans

The empennage structure of the C1 prototype is planned to incorporate greater proportion of 3D-
printed parts, allowing for more efficient topology optimization. Using the same spars from the B1 prototype,
the Cl1 iteration aims to further improve strength-to-weight ratio and ease of assembly.

Figure VI-6A: Full Empennage Structure Figure VI-6B: Internal View of Empennage

D. Landing Gear Structure

The landing gear is one of our COTS components, it features design that support the aircraft weight as
well as raise the aircraft height to prevent prop-strikes during ground roll, landing, and take off. The landing
gear strut is attached to the fuselage by four screws, additionally it is also designed to conform to the shape of
the fuselage. The strut is 137mm high with an additional radius of 43mm form the aircraft tires. Additionally,
wider tires were chosen to distribute weight on soft, grassy runway compared to narrower ones.

The landing gear strut is constructed with aluminium with the end cap made with a 3D printer using
ASA plastic to integrate the wheels and strut together using screws. Initially the strut was planned to be made
with composite material, but after simulations it is found that a much more flexible material is needed to
absorb the touchdown load on landing. Although the composite material is much lighter, it lacks the shock
resistance capability achievable by aluminium therefore it is not worth the weight saving. Since manufacturing
a part with aluminium using limited tooling is not possible, the final decision was made to purchase COTS for
landing gear strut.
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Figure VI-7: Main Landing Gear Structure

Ground Stability Analysis

The turnover angle of this aircraft is 46 degrees, and the tip-back angle is 47.5 degrees. This is to
maximize ground stability without overextending the landing gear track width while staying within the weight
limit.

Nose Gear Design

Figure VI-8: Nose Gear Structure Figure VI-9: Nose Gear Side View

The nose gear assembly design was driven by two primary constraints: the spatial envelope within the
nose section and the load transfer path during landing impact. The steering mechanism was designed around a
servo mounted within the available space, with a control horn connecting directly to the COTS nose landing
gear assembly. Servo placement was carefully selected to avoid interference with the avionics box removal
path while maintaining an effective moment arm for steering authority.

The primary structural challenge stems from the spatial constraint, which prevents a direct load path from
the landing gear into the main fuselage bulkhead and longerons, causing landing impact loads to be introduced
directly into the thin-walled nosecone structure. To address this, an internal truss structure was incorporated to
distribute landing loads across the nosecone skin, and a T-section rib beam 3D-printed in ASA was designed to
transfer loads into the forward fuselage bulkhead, with the flange providing torsional stiffness and the web
carrying bending loads along the transfer path.
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VII. Avionics and Propulsion Systems
A. Propulsion Systems

Following the competition rules, all teams are required to use the T-MOTOR AT2814 900kv Brushless
Motor, with a maximum of two motors permitted per aircraft. After evaluating the weight and thrust trade-offs
between single- and dual-motor configurations, a two-motor configuration was selected for the CUFA-II due
to the significantly higher available thrust it provides.

B. Schematics Diagram Architecture

Avionics |VTX + DVR + At the core of the avionics system is the
3 S%%%?]%ah "| Camera F4Wing Mini MK1 flight controller (FC) with an
onboard BEC. Its primary function is to enable fly-by-
wire capability and gyroscope stabilization. The FC also
GPS ¥ integrates several onboard sensors, including an
accelerometer, gyroscope, and barometer, and serves as
F4Wing Mini the interface for the external MS4525 air speed sensor.
. MK1 + BEC Air Speed
CRSFTO |, Onboard: > Sensor As required by the competition rules, two
PWM Accelerometer, - >
. Gyroscope, MS4525 | separate batteries are used. The 3S 3000mAh motor
Barometer battery supplies power to the two motors through the
i Automated Measuring Equipment (AME), while the 3S
ELRS Motor Battery 1800mAh aviogics battery powers all remaiping
Receiver 38 3000mah | systems, including the FC, GPS, ELRS receiver, CRSF
! 1 to PWM converter, and the servos.
X7 Servos ESC )4(-2M0t0r < AME Figure VII-1: Schematic diagram of the avionics system

A CRSF to PWM converter was included to ensure compliance with the competition rules. This
module serves as the telemetry hub, merging data from both the GPS and the FC before forwarding it to the
ELRS receiver, which then transmits the telemetry to the remote controller for recording and post-flight

analysis.

A separate analog video system was also incorporated to provide a live video feed from the CUFA-II.
This system consists of a VTX, DVR, and camera, and operates as an isolated subsystem with no direct wiring
to the FC. It does, however, share the 3S 1800mAh avionics battery with the rest of the avionics system.

C. Data Acquisition &

Telemetry

The table below describes the expected telemetry data and the corresponding sensor responsible for

each measurement.

Telemetry Data Sensor

Latitude, Longitude, Velocity GPS

Air Speed MS4525 + Pitot tube
Altitude Barometer (FC)
Attitude (Roll, Pitch, Yaw) Gyroscope (FC)
Acceleration (3-axis) Accelerometer (FC)
Avionics Battery Voltage FC

Motor Battery Voltage, Current ESC

Table VII-1: Telemetry Acquisition Instruments
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VIII. Manufacturing
A. Laser Cutting of Woods

Laser cutting serves as a fast and straightforward method for producing precise structures. As such, all
wooden parts used in CUFA-II are manufactured entirely using laser cutters. As the laser cutter is constrained
to two dimensions, wooden sheets of 3 mm and 5 mm thickness are used. To ensure consistent quality across
every part in terms of strength, tolerances, and finish, several steps are implemented during the process. First,
the appropriate laser speed and power are selected based on the type of wood, as plywood requires higher
power and a lower cutting speed than balsa due to its higher density. Next, the wood sheet is oriented so that
the grain runs longitudinally, ensuring maximum strength. Finally, before the cutting process begins,
calibration, origin setting, and safety procedures are performed. At the start of every session, a tolerance check
is also performed to validate the CAD model and to ensure an optimal fit for each part. The finished parts are
then joined using nail adhesive or super glue.

Figure VIII-1: Laser Cutting Fuselage Frames Figure VIII-2: 3D printed parts used in CUHAR

B. 3D Printing with ASA and PLA

3D printing is an established and efficient method for producing complex three-dimensional
geometries from thermoplastics, offering a viable means of manufacturing parts for both prototyping and end-
use applications. The three main filaments used in the CUFA-II project are PLA, ASA, and LW-PLA
(lightweight PLA). PLA is used for prototyping components and for producing jigs used in drilling and cutting
carbon parts. ASA is used for the main structural parts of the aircraft, as it offers the best overall balance of
mechanical properties in terms of weight, strength, and durability, in addition to its availability and suitability
for this application. However, due to the enclosed build environment and elevated temperatures required to
produce a quality ASA part, the team is considering the use of lightweight PLA for the C1 prototype.

To ensure consistent part quality, the print orientation of each component is carefully optimised prior
to slicing. Orientation is selected to align the primary load direction with the printed layers where possible,
minimising the influence of interlayer adhesion on structural performance. This also reduces the need for
support material on critical surfaces to preserve the surface finish and dimensional accuracy of the part.
Following printing, parts are inspected and post-processed as required, with support material removed and
mating surfaces cleaned or lightly sanded to achieve the intended fit and finish.

C. Monokote and Balsa Skin

Monokote laying marks the final step in manufacturing all lift-generating surfaces. The process makes
use of a flat hot iron, a heat gun, and a COTS covering film known as Monokote. First, the Monokote sheet is
laid over the balsa skin and adhered using the hot iron, starting along the leading and trailing edges of the
wing to maximize the initial contact area and aid adhesion. A heat gun is then used to shrink the film, working
from the centre outward toward the edges to produce a smooth finish. A combination of the heat gun and hot
iron is subsequently used to conform the sheet to the contours of the wing. The same process is then repeated
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on the horizontal and vertical stabilizers, elevators, rudders, flaps, and ailerons. For the next prototype,
Monokote on surfaces such as the wing and stabilizers will be replaced with carbon fibre and epoxy resin skin,
enhancing structural strength while also serving as the covering. As Monokote laying is the most difficult
manufacturing process in the current prototype, this change will also help streamline production.

D. Composite Parts
Fiber Glass Moulds & Carbon Parts

A total of four female fiberglass moulds is to be used to produce the upper and lower surfaces of the
wings and wingtips for the C1 prototype. These moulds are manufactured from layered chopped strand
fiberglass and polyester resin, formed over a plug (a male mould). The plug is produced from 3D-printed
PLA, coated with epoxy resin, and sanded with 600 to 1000-grit sandpaper to achieve a smooth surface. A
chemical mould release agent is then applied. The first layer of the female mould consists of two layers of gel
coat. Once cured, the fiberglass layup is applied in the following sequence: two layers of 100 g chopped
strand mat, followed by two layers of 300 g chopped strand mat, and finally four layers of 400 g chopped
strand mat. The mould is then left to cure overnight.

The finished fiberglass mould is subsequently drilled to allow M4 wing screws and nuts to be
inserted, to clamp the two halves (upper and lower surfaces) together during layup. A 3K 2x2 twill pre-preg
carbon fibre is used in conjunction with the mould to produce the wing and wingtip skins for the CI
prototype. The finished carbon fibre wing skin is then bonded to the internal wing structure using an epoxy
adhesive. All processes involving chemicals and sanding are carried out in an open-air environment, and team
members are required to always wear gloves and a respirator.

Figure VIII-3: Plug for the Upper Surface of the Wing

Carbon Bar/Rods Cutting and Drilling

The COTS carbon rods and bars are cut and trimmed to the required length before use. The process
begins by taping the carbon rods at the desired length, allowing a clearance of approximately 2 to 5 mm.
Cutting directions are then marked on the tape. Before cutting, all members involved are required to wear
safety goggles, gloves, and a respirator. A rotary power tool (Dremel) is used to cut the carbon rods, with a
vacuum running throughout the process to extract airborne particles. Once cut, the rods are sanded to the
correct final length. The same procedure is followed when drilling the carbon bars, with a 3D-printed jig used
as a drilling guide.
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IX. Outlook

The prototyping strategy of the CUFA-II aircraft is to complete the test flight of Prototype B,
validating the methodologies and design features to be incorporated into Prototype C, which is expected to be
the competition prototype. Prototype B is in its final phase of manufacturing and entering the flight-testing
phase, with the fuselage section currently being manufactured and undergoing final design edits. Regarding
Prototype C, new performance reiteration is currently under analysis and is set for aerodynamics and
structural resizing in early May. Most airframe components developed in Prototype B are expected to be
carried over to Prototype C due to dimensional constraints on the 13 main parameters.

During the final two months leading up to the competition, the team will focus on design reiterations
of Prototype C, refining designs for better scoring efficiency and developing new concepts for rapid testing
and iteration. Pending developments for Prototype C include the honeycomb wing structure and the winglet.
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