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1 Introduction

1.1 Air Cargo Challenge 2026 overview

The Air Cargo Challenge 2026 (ACC) requires university teams to design a radio-controlled, fixed-wing Un-
crewed Aerial Vehicle (UAV) capable of transporting a standardised payload while maximising distance trav-
elled within a fixed flight time. For this competition, the payload consists of 0.33-litre drink cans, and the aircraft
must complete its flight within 120 seconds.

Mission performance is primarily driven by payload carried and distance achieved, subject to constraints on
operations, propulsion, structure, and electronics. Additional scoring modifiers include bonuses and penalties
associated with take-off distance, loading efficiency, and electrical system limits.

1.2 SUAVE and Project Platypus overview

In response to these requirements, the University of Sydney Air Cargo Team developed Project Platypus, an
aircraft optimised to maximise competition score while maintaining robustness, controllability, and repeatable
flight performance. The design prioritises payload fraction and cruise efficiency within ACC 2026 propulsion
and current constraints, while achieving reliable short take-off performance.

Project Platypus adopts a high-wing, twin-boom configuration with a compact fuselage and laterally integrated
payload bay. This configuration provides efficient structural load paths, favourable low-speed handling, and
a reduced overall length to satisfy transport constraints. Payload is enclosed within the fuselage to minimise
drag while enabling rapid side-loading. Figure 1 illustrates the final configuration.

1.3 Objectives

Project Platypus is designed around a nominal cruise speed of 24m/s in the low-Reynolds-number regime.
The aircraft targets a mass of approximately 4.5 kg and is optimised to carry four 0.33 L cans as the predicted
payload, while retaining structural capability to carry a fifth pending final testing. A static margin of 12.5% was
selected to balance stability and handling.

Design decisions were informed through numerical modelling, optimisation, and experimental validation. An in-
house optimisation tool was used to evaluate design points against the ACC scoring model, while aerodynamic
and stability characteristics were analysed using XFOIL and XFLR5 and cross-validated using eCalc. Mass
properties were derived from CAD and refined using prototype testing.

An initial prototype was constructed and flown to validate modelling assumptions and guide refinement. Testing
confirmed the feasibility of the configuration while identifying opportunities for weight reduction and performance
improvement.

The remainder of this report presents the mission analysis, design framework, aerodynamic and flight mechan-
ics validation, structural design and testing, and payload prediction strategy underpinning Project Platypus.
Collectively, these demonstrate a balanced and evidence-based response to the ACC 2026 design challenge.

This integrated design approach ensures that Project Platypus delivers competitive performance while main-
taining robustness and operational reliability.
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Figure 1: Project Platypus

2 Project Management

2.1 Team Structure

The ACC 2026 team consists of 8 members: 6 undergraduate students, 1 Master’s student, and 1 alumni pilot.
The team is organised into aerostructures, manufacturing, and avionics groups, enabling efficient distribution
of design and build responsibilities while maintaining strong integration across disciplines.

This structure allows members to contribute across multiple areas while retaining ownership of specialised
roles, supporting both project execution and knowledge transfer. A summary of team organisation is shown in
Figure 2.

2.2 Project Planning and Schedule

The project timeline is summarised in Figure 3. Key phases include conceptual design, detailed design, man-
ufacturing, and testing.

Design, manufacturing, and testing activities were conducted iteratively, with flight testing used to validate
performance, stability, and structural integrity. Results from testing informed successive design refinements.

2.3 Financial

Project expenditure is summarised in Table 1. Funding is provided by the School of Aeronautical, Mechatronic,
and Mechanical Engineering (AMME) at the University of Sydney, with additional costs such as team fees and
travel funded by individual members.
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Figure 2: Team organisation

2.4 Tools and software

The following tools were used throughout the design and development process:

• APC Propeller Database
• XFLR5
• eCalc
• MATLAB

• AirCrafter (Section 4.1)
• Ansys Fluent
• Adobe Illustrator
• Lightburn

• Bambu Studio
• Mission Planner
• ArduPilot
• UAV Log Viewer
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Figure 3: Team Schedule

Table 1: Project Expenditure (AUD)

Avionics Cost ($) Consumables Cost ($)
Brushless motor 180 Structural Adhesive 132
ESC 200 Screws, bolts 24
Batteries 200 MDF 500
Servomotors 1000 Tapes and glue 78
Cabling/Misc 198 Filament 210
Airframe Cost ($) Hardware & Admin Cost ($)
Plywood 300 Propellers 50
Balsa wood 4000 Uniforms 500
Profilm 210 Team Fee (total) 1470
Epoxy resin 525 Travel Cost (pp.) 5000
Carbon tubes & fabric 1750 CNC Machine 5000
Total Expenditure (excl. travel cost) $16527 AUD
Total Expenditure (incl. travel cost) $51527 AUD

3 Mission Analysis & Scoring Strategy

This section summarises the competition mission requirements, scoring model, and key constraints that define
the system-level design of Project Platypus.

3.1 Problem Statement

The objective of the 2026 Air Cargo Challenge is to design, manufacture, and operate a radio-controlled aircraft
that transports as many 0.33 L cans as possible while maximising distance travelled within a fixed time. The
aircraft must also satisfy constraints on take-off performance, payload integration, transportability, and loading
efficiency. Project Platypus was optimised within these constraints to maximise overall competition score.

3.2 Mission Requirements

The competition consists of a loading mission and a flight mission. During staging, teams are allocated five
minutes to prepare the aircraft and measurement system without handling payload. During loading, only one
operator may interact with the aircraft and payload.

The flight mission begins with a stationary take-off within runway limits. Teams have three minutes to complete
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a valid take-off. A 60-second climb phase follows, after which a 120-second distance phase records total GPS
distance travelled. The aircraft must remain within a 10–200 m altitude envelope and within the defined flight
area.

A round is scored zero if operational or electrical constraints are exceeded, including current limits (70 A),
voltage limits (12.75 V), or flight boundary violations. Landing must occur within the designated area without
bounce or loss of components.

3.2.1 Scoring Model and Design Drivers

The competition score is defined by the summation of flight, report, drawing, and presentation scores, with a
maximum achievable score of 1470 points prior to penalties. The flight score dominates the overall result, with
up to 1120 points available.

Table 2 summarises the scoring model equations used to evaluate performance.

Section Requirements / Description Scoring

Take-off
Bonus

Equation for take-off bonus
multiplier Btake-off :=






1.15 if lann. = 40m
1 if lann. = 60m
0 if ltake-off > lann.

Loading
Bonus

Equation for loading bonus
multiplier.

Bloading :=



60 ·

(
1− tload + tunload

120 s

)
if (tload + tunload) < 120 s

0 else

Payload
Prediction
Bonus

Equation for payload prediction
bonus. Bpred :=






3 ·Nann. if Ncarried ≥ Nann.

2 ·Nann. if Ncarried = Nann. − 1

1 ·Nann. if Ncarried = Nann. − 2

0 else
Current
Penalty

Equation for penalty
associated with drawing more
than the current limit of 30 A.

Pround = min
(
1, 0.002 ·

∫
max(0, I − 30A) dt

)

Round Raw
Score

Equation for calculation of
round raw score

Sround, raw = Btake-off ·mpayload · l2dist (1− Pround)

Round
Score

Equation for normalising raw
round score

Sround =
Sround, raw
Sbest, raw

· 1000 +
∑

i

Bround,i

Flight Score Equation used to calculate
flight score

Sflight =






Sbest + S2nd best
2

if rounds ≥ 3

Sbest else
Competition

Score
Scoring equation for the entire

competition.
Scomp = Sflight + Sreport + Sdrawings + Spres −

∑

i

Pglobal,i

Table 2: Scoring model equations for the ACC competition.

3.3 Key Constraints

Aircraft requirements
The aircraft must be a fixed-wing configuration powered solely by onboard batteries. Maximum take-off weight
is limited to 25 kg, and a proof-of-flight video must be submitted prior to the competition.
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Propulsion and Electrical Requirements
Motor selection is restricted to the T-MOTORAT2814 900kv, with amaximum of twomotors permitted. Batteries
must be 3S LiPo, LiIon, or LiFePo, with a maximum voltage of 12.6 V and energy capacity below 100 Wh. An
independent avionics battery is required, and the propulsion system must interface with the official telemetry
box via specified connectors.

Transport box
The aircraft and all required tools must fit within a transport box with total internal dimensions not exceeding
1500 mm and a total mass below 23 kg. Only batteries and the transmitter may be stored externally.

4 Conceptual Design

4.1 Design Framework

To address competing design requirements, the USYD ACC team utilised AirCrafter, an in-house performance
modelling and optimisation tool developed through previous DBF campaigns.

Although the Air Cargo Challenge differs from DBF in scoring and mission structure, the core functionality of
AirCrafter was retained, with modifications made to reflect ACC requirements, including the removal of lap
and turn-rate modelling. AirCrafter evaluates candidate design points within defined constraints to identify the
highest-performing configuration. For ACC 2026, in excess of 500,000 design points were assessed, resulting
in Project Platypus.

Figure 4 illustrates the optimisation process, where each design point is evaluated based on take-off and cruise
performance and ranked using the competition scoring model.

AirCrafter treats mass, wingspan, aspect ratio, and cruise velocity as design variables, while aerodynamic
coefficients, propulsion efficiency, and environmental conditions are fixed inputs. The model captures take-off
and steady cruise performance, with higher-order effects accounted for through conservative assumptions and
validated during testing.

AirCrafter generates a baseline design point, with final refinement informed by flight testing and practical con-
straints.

4.2 Mission Modelling, Assumptions and Constraints

4.2.1 Inputs & Assumptions

AirCrafter iterates through four primary aircraft parameters: mass, wingspan, aspect ratio, and target cruise
speed. The input ranges used for this competition are as follows:

• Mass: 1.5 – 25 kg

• Wingspan: 0.8 – 3 m

• Aspect Ratio: 5 – 8

• Velocity: 6 – 25 m/s

These ranges define the design space while accounting for transport constraints, structural feasibility, and
propulsion limits.

To enable efficient use of AirCrafter, assumptions are applied to key aerodynamic and performance parameters,
as summarised in Table 3.
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Figure 4: AirCrafter Program Methodology

4.2.2 Take-Off Constraint

Required static thrust is evaluated for 40 m and 60 m take-off distances using Equation (1). Design points
exceeding the available thrust (approximately 20 N) are penalised or removed.

Tstatic = m
v2R
2sg

+ 0.5ωv2RSCDTO + µW (1)
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Table 3: AirCrafter User Defined Assumptions and Inputs

Parameter
Symbol/
Variable

Justification Chosen Value

Zero Lift
Drag Coefficient

CD0 Conservative Assumption 0.05

Max Clean
Lift Coefficient

CLmax

Standard for Past DBF Aircraft Airfoils
(Clark Y)

1.5

Max Take-Off Lift
Coefficient (Flaps Down)

CLTO

Conservative prediction for
slotted flaps

2.0

Oswald’s
efficiency factor

e
Conservative assumption for

rectangular wing
0.85

Runway Rolling
Friction Coefficient

µ
Conservative assumption for

grass
0.02

Propulsion System
Efficiency

η
Conservative assumption including
motor, esc and propeller efficiency

0.7

Payload Fraction N/A
Assumption based on historical

DBF timber based aircraft
0.35

4.2.3 Wing Loading Constraint

A maximum wing loading of 120 N
m2 was imposed based on historical performance. Higher wing loading in-

creases take-off distance and structural demand, while lower values increase sensitivity to atmospheric distur-
bances (i.e. gusts). Flight testing of Prototype 1 (see Section 9) confirmed degraded performance at higher
values, informing the final constraint.

4.2.4 Cruise Modelling

Cruise power is calculated using P = DV
η and compared against the 30 A current limit. Design points exceeding

this limit are removed. Distance is estimated assuming steady straight-line cruise.

4.2.5 Bonus Points

Each design point accounts for loading and prediction bonuses, assuming:

• Predicted payload is successfully carried

• Each can requires 8 seconds for loading and unloading

4.2.6 Propeller Selection

Propeller selection is based on matching required thrust to drag (calculated by Equation (2)) and cruise perfor-
mance using organiser-provided datasets. For twin-motor configurations, 15 A thrust data is doubled to enable
comparison with single-motor cases.

D =
1

2
ωV 2

(
CD0 +

1

π · e ·ARC2
L

)
(2)
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4.3 Design Point Selection and Optimisation Results

AirCrafter was executed across the defined input ranges and modelling framework described in Section 4.1
and Section 4.2. The selected design point is summarised in Table 4.

Table 4: Project Platypus Selected Design Point

Aircraft Parameter Value Performance Parameter Value
Mass m (kg) 4.5 Wing Loading (N/m^2) 112
Wingspan b (m) 1.6 Distance Covered (m) 2880
Aspect Ratio AR 6.5 No. of Cans 4
Cruise Velocity V (m/s) 24 Required Power (W) 300
Propeller Diameter (in) 12 Required Static Thrust (N) 17.9
Propeller Pitch (in) 8 Required Cruise Thrust (N) 8.8

The initial prototype design point featured higher payload fraction, mass, and wing loading. Flight testing
indicated these values were not practically achievable, prompting refinement of modelling assumptions and
constraints.

The final design targets a mass of 4.5 kg, a payload fraction of 35%, and a payload of 4 cans. The structure
retains capacity for 5 cans, allowing flexibility during testing (see Section 9). Propeller clearance accommodates
up to a 14-inch propeller for further optimisation.

AirCrafter provides a validated design point, with final decisions refined through testing and practical constraints
to ensure competitive performance.

5 Aerodynamic Design

The aerodynamic design section presents a detailed investigation of the aircraft design point and external
configuration. It focuses on wing placement and shaping, fuselage geometry, payload integration, and key
design decisions made to satisfy competition constraints. The methodology used to determine the design point
is also outlined, establishing a baseline for performance and structural design.

5.1 Aerofoil Selection

The primary objective of the aerofoil selection process was to identify a profile that maximises lift coefficient
during take-off while maintaining strong aerodynamic efficiency during cruise. For the given mission, the se-
lection prioritised high lift capability at low Reynolds numbers together with a high lift-to-drag ratio at the cruise
operating condition.

An initial two-dimensional analysis was conducted in XFOIL under incompressible flow assumptions to evaluate
the lift characteristics of several candidate aerofoils: NACA 4412, SD 7062, Clark Y, and E 197. These profiles
were selected based on SUAVE’s experience from previous DBF and ACC campaigns, as well as historical
ACC top ranked reports.

The Reynolds numbers corresponding to the take-off and cruise phases were estimated using Equation 3. The
design cruise speed was set to 24m/s, while a conservative take-off speed range of 10–12m/s was assumed
to represent short-field operation.

Re =
ωV c

µ
ReTO =

1.225 · 10 · 0.248
1.81× 10−5

= 1.68× 105 Recruise =
1.225 · 24 · 0.248
1.81× 10−5

= 4.03× 105 (3)
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(a) CL vs α at Take-off (b) CL vs α at cruise

Figure 5: Lift coefficient polars for aerofoil candidates

Given the designmass of the Platypus prototype and the cruise velocity, the design lift coefficient was calculated
using Equation 4.

From Figures 5a, and 5b, it is evident that the NACA 4412 is the aerofoil that generates the highest CL at high
angles of attack at low RE, making it a good candidate for take-off performance.

CL =
W

1
2ωV

2S
=

4.5 · 9.81
1
2 · 1.225 · 242 · 0.394

= 0.318 (4)

The resulting lift-to-drag polars are shown in Figure 6. Evaluating these at the design lift coefficient (CL = 0.318),
the NACA 4412 aerofoil was identified as the most suitable candidate. It provides superior efficiency at the
cruise operating point while maintaining favourable high-angle-of-attack behaviour for take-off and low-speed
flight.

Figure 6: Lift-to-drag ratio vs α
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5.2 Wing Design

The wing adopts a rectangular planform with a span of 1.6m, a wing area of 0.394m2, and an aspect ratio of
6.5. This results in a wing loading of approximately 117N/m2, supporting both efficient cruise performance and
manageable low-speed handling.

The wing location was primarily driven by ground clearance requirements associated with 14-inch propellers. A
low-wing configuration would require significantly larger landing gear, increasing structural mass and complex-
ity. A high-wing configuration also facilitates boom placement and provides adequate empennage clearance
during take-off, leading to its selection.

The rectangular planform was selected for manufacturing simplicity and predictable stall behaviour. Stall pro-
gression from the root outward maintains control surface effectiveness, reducing the risk of abrupt loss of roll
authority near stall.

The selected aspect ratio represents a balance between aerodynamic efficiency and structural practicality.
Higher aspect ratios would reduce induced drag but increase bending loads and structural complexity. The
chosen span therefore provides acceptable aerodynamic performance while remaining manufacturable and
transportable.

To mitigate induced drag associated with the rectangular planform, a wingtip device was incorporated. The
wingtip, shown in Figure 7, reduces vortex strength and improves overall aerodynamic efficiency without intro-
ducing adverse stability effects.

Figure 7: Wingtip design.

The wing loading selected supports payload-carrying requirements as the aircraft must generate sufficient lift at
low speeds to enable short take-off performance. The chosen wing area reduces take-off speed and improves
climb performance, which is critical under limited thrust conditions.

Slotted flaps are incorporated to further improve take-off performance. Each flap has a span of 390mm and a
chord of 60mm, approximately 40% of the local wing chord and 60% of the wing span. Deployment increases
effective camber and delays flow separation, increasing maximum lift and reducing take-off distance.

5.3 High-Lift and Take-Off Performance

Slotted flaps were selected to increase the maximum lift coefficient and improve take-off performance. By
increasing lift at low speeds, the required rotation speed is reduced, directly shortening the ground roll distance.

A slotted flap is more effective than a plain flap due to the slot allowing high-energy air to pass over the upper
surface, delaying separation at higher deflection angles and enabling higher lift generation.

Take-off performance was evaluated by varying the take-off lift coefficient while maintaining constant thrust.
The target value of CL,TO = 2 was selected. As shown in Figure 8, increasing CL,TO significantly reduces
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ground roll distance, with a predicted value of approximately 29m at the target coefficient.

NACA Report 938 indicates that slotted flaps provide higher maximum lift coefficients and lower drag compared
to plain or split flaps, supporting their selection [1].

Figure 8: Effect of take-off lift coefficient on predicted ground roll distance.

5.4 Fuselage and Cargo Integration

Multiple payload configurations were evaluated, including longitudinal and vertical arrangements. A transverse
(sideways) configuration was selected as the most effective.

This configuration reduces fuselage length, aiding compliance with transport constraints and simplifying struc-
tural design. It also reduces wetted area and cross-sectional mismatch, lowering aerodynamic drag. Addition-
ally, it enables efficient side-loading of payload, supporting reduced loading time.

Figure 9: Payload arrangement inside the fuselage.

The symmetric fuselage geometry ensures negligible lift generation at zero angle of attack, avoiding additional
induced drag associated with asymmetric configurations.
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(a) Front view of the fuselage flow field. (b) Rear view of the fuselage flow field.

Figure 10: Flow behaviour around the selected fuselage configuration.

Flow visualisation at representative cruise conditions indicates generally smooth flow behaviour with limited
separation. These results are used qualitatively to support the aerodynamic suitability of the selected fuselage
configuration while maintaining structural and manufacturing simplicity.

6 Flight Mechanics

Aircraft flight mechanics were considered to ensure the aircraft is flyable, stable, and controllable. This sec-
tion presents the sizing of the tail and control surfaces, followed by validation of static and dynamic stability
characteristics.

6.1 Empennage Design & Sizing

A twin-boom tail configuration was selected to enable a shorter one-piece fuselage, reducing complexity asso-
ciated with segmentation required by the transport box constraint [2].

The NACA0010 aerofoil was selected for both stabilisers due to its low drag characteristics and sufficient
thickness for structural integration.

The tail was sized using Sadraey’s method [2], defining horizontal and vertical volume coefficients as:

VH =
SH lH
Sw c̄w

(5)

VV =
SV lV
Sw c̄w

(6)

The stabilisers were assigned aspect ratios of 4 (horizontal) and 1.5 (vertical), with a common tail arm of 738
mm (approximately three times the MAC) following Lennon [3].

Based on empirical ranges [4, 2] and prior experience, VH = 0.5 and VV = 0.05 were selected. Flight testing
confirmed these values provide sufficient stability and control authority.

Table 5: Tail Sizing Summary

Stabilisers Volume Coefficient [-] Surface Area [mm2] AR [-] Taper Ratio [-] MAC [mm] Span [mm]

Horizontal 0.5 65641 4 1 128 512
Vertical 0.05 21333 1.5 0.7 119 179
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6.2 Control Surface Sizing

Control surfaces were sized following Lennon [3], with a chord fraction of 0.3 for all primary control surfaces
and span fractions of 0.4 for ailerons and 0.6 for flaps. Flight testing confirmed that this configuration provides
sufficient control authority.

Table 6: Control Surface Sizing Summary

Control Surface Chord Length Fraction [-] Span Length Fraction [-]

Aileron 0.3 0.4
Elevator 0.3 1
Rudder 0.3 1
Flaps 0.35 0.6

6.3 Static Stability

Static stability is governed by the longitudinal position of the centre of gravity (CG) relative to the neutral point.
The CG was determined using a mass estimation matrix derived from CAD and refined using measured com-
ponent masses from Prototype 1.

Table 7: Component Mass and Longitudinal Position

Component Mass (kg) x (m)
Fuselage 0.450 0.062
Wing 0.320 0.062
HS 0.100 0.792
VS 0.100 0.807
Tail booms 0.100 0.396
Main gear 0.220 0.000
Nose gear 0.090 -0.400
Propulsion battery 0.240 -0.260
Motors 0.216 -0.100
Propeller 0.096 -0.100
Payload 2.568 0.062

The CG location was calculated as CG = 0.0615m. A static margin of 12.5% of MAC was selected based on
flight testing to balance stability and handling.

The neutral point was determined using XFLR5 and validated using eCalc. The resulting static margin is:

S.M =
xNP − xCG

MAC
=

0.0926− 0.061524

0.246
= 0.1263 (7)

This corresponds to a static margin of 12.63%, satisfying the design requirement.

Lateral and directional stability were evaluated using XFLR5 aerodynamic derivatives. Positive Cnβ and neg-
ative Clβ confirm directional and lateral stability.
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Table 8: Static stability aerodynamic derivatives

Cmα Cnβ Clβ

−0.65351 0.13004 −0.03476

All criteria for longitudinal, lateral, and directional static stability are satisfied.

6.4 Dynamic Stability

Dynamic stability was evaluated using eigenvalues of the linearised equations of motion at the trimmed cruise
condition. Stability requires all eigenvalues to have negative real parts.

Table 9: Longitudinal modes of motion

Mode Eigenvalue Interpretation
Short Period −7.87± 8.064 i Fast, well-damped pitching oscillation
Phugoid −0.02863± 0.7342 i ζ = 0.022, ωn = 0.115 Hz

Table 10: Lateral–directional modes of motion

Mode Eigenvalue Interpretation
Roll mode −29.24 Fast, non-oscillatory roll response
Dutch Roll −2.448± 8.511 i ζ = 0.288, ωn = 1.39Hz

Spiral +0.2293 Slowly divergent spiral mode

Figure 11: Root Locus

Figure 11 shows the root locus as a function of angle of attack. Increasing angle of attack improves longitudinal
damping, while the Dutch roll mode remains stable across the operating range. The spiral mode exhibits slow
divergence but is acceptable for manual operation.

Overall, the aircraft demonstrates acceptable dynamic stability, with all modes either stable or sufficiently slow to
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be controlled. These flight mechanics characteristics ensure consistent operation at the design point, reducing
pilot workload and enabling reliable mission execution to maximise competition score.

7 Electronics

This section outlines the aircraft’s electronic system, including servo selection, flight control hardware, propul-
sion system, and avionics architecture.

7.1 Servo selection

Required servo torque was calculated using the aircraft parameters in Table 11, assuming a maximum flight
speed of 30 m/s to provide design margin. Values were derived from XFLR5 aerodynamic analysis and verified
using an online servo torque calculator, with a safety factor of 1.3 applied.

MKS HS75 and HS75H servos were selected, providing 3.8 kg-cm torque at 7.2 V with a mass of 7.9 g.
These exceed the required torque, providing margin against aerodynamic loads and ground handling impacts.
Commonality between servo types simplifies integration and spares management. A MKS HV6120 servo was
used for the nose wheel due to its higher torque capacity and robustness. It produces 5.0 kg-cm of torque at
7.2V with a weight of 11g.

Table 11: Servo Selection data

Span Chord Surface Desired Torque Selected
(mm) (mm) Deflection (◦) (kg-cm) Servo

Flap 390 60 0 to -40 1.83 MKS HS75
Aileron 320 65 +30 to -20 0.71 MKS HS75
Elevator 512 38 +30 to -30 0.39 MKS HS75H
Rudder 179 36 +25 to -25 0.12 MKS HS75H
Nosewheel - - - - MKS HV6120

7.2 Flight computer and sensors

A Matek H743-Wlite flight controller was selected for its low mass and sufficient interface capability (PWM,
serial, I2C). A Matek ASPD-4525 airspeed sensor is integrated to improve control in fly-by-wire modes.

The aircraft operates inmanual and fly-by-wiremodes, with all autonomousmodes disabled tomeet competition
rules. A RadioMaster RP4 receiver using the 2.4 GHz ELRS protocol provides the control link. A USB extender
enables external access for configuration.

Additional sensors used during testing, including a GPS/compass module and RF900x telemetry modem, were
removed for the competition configuration to reduce mass. The telemetry system was powered via an isolated
5V BEC to maintain signal integrity.

7.3 Propulsion selection

The aircraft uses the specified T-MOTOR AT2814 900kv motor. A twin-motor configuration was selected based
on organiser-provided testing data, demonstrating improved performance compared to a single-motor config-
uration.
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The aircraft accommodates propellers up to 14 inches in diameter, with final selection to be determined through
flight testing. Smaller propellers offer improved cruise efficiency, while larger propellers provide increased static
thrust for take-off. Final selection therefore prioritises take-off performance relative to scoring requirements.

Motors are driven by APD 40F3 ESCs selected for low mass and high efficiency, with additional heat sinks
and capacitors for thermal stability. The propulsion system is powered by a 6200 mAh 3S LiPo battery, while a
dedicated 2S 1000 mAh battery supplies the avionics system.

This configuration ensures compliance with current limits while maintaining sufficient thrust for take-off and
cruise, supporting overall flight performance.

7.4 Wiring diagram

Figure 12 shows the electrical layout of Project Platypus. The control system is powered from the receiver
battery via an external switch, with the flight controller distributing power to servos and sensors.

The propulsion battery connects to the competition telemetry box, which distributes power to the ESCs via a
Y-splitter.

Figure 12: Platypus Electronics Diagram

8 Structural Design and Manufacturing

This section presents the detailed structural design of Project Platypus. It begins with the definition of the aircraft
flight envelope, followed by analysis of the loads experienced by the wing and the supporting structure. The
internal structures of the fuselage, empennage, and landing gear are then described. Manufacturing methods
are outlined, and the results of structural testing are analysed.

8.1 Design Loads

The structural integrity of the airframe is governed by the operational limits defined in the V-n diagram (Figure
13). For the competition, a limit load factor of n = 5.0 was established to account for high-stress manoeu-
vres, atmospheric disturbances, and ground handling loads. Due to the use of balsa, plywood, and carbon
fibre, the structural design is based solely on this limit load, with a traditional ultimate load factor not applied.
This approach reflects the orthotropic nature of these materials, which lack the isotropic predictability required
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for standard ultimate safety factors. Consequently, the design and testing processes ensure that operational
stresses remain within the linear-elastic region of the material grain orientations to prevent delamination or
buckling.

Tail design loads were determined through aerodynamic analysis rather than prescribed structural limits. This
approach is necessary because the tail boom is directly mounted to the wing, resulting in more concentrated
stress compared to conventional fuselage-mounted configurations. Maximum lift at full elevator deflection was
simulated in XFLR5 to determine resulting loads. From this analysis, a maximum tail force of 40 N at a flight
speed of 30 m/s was established as the governing design condition. Structural adequacy was subsequently
validated through the testing procedures described in Section 8.7.

Figure 13: V-n Diagram

8.2 Wing Structure

The Project Platypus wing utilises a semi-monocoque structure, with two spars providing bending and torsional
stiffness, and ribs defining the aerodynamic shape and providing structural interfaces. As the spars represent
the primary load-bearing components, detailed analysis was conducted to appropriately size this structure.

8.2.1 Loads

To size the spar, the load distribution across the wing must be accurately approximated throughout the flight
envelope. Schrenk’s approximation is used as an empirical method to estimate the spanwise lift distribution.
This approximation follows Equation (8), where L′(y)elliptical is defined in Equation (9), and L′(y)planform corre-
sponds to the chord distribution. Equation (9) provides a spanwise weighting function proportional to the chord
and local lift coefficient, which is averaged with the actual chord distribution to obtain the Schrenk approxima-
tion.

L′(y) =
1

2
[L′

elliptical(y) + L′
planform(y)] (8)

L′(y)elliptical =
4S

πb

√

1−
(
2y

b

)2

(9)
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The resulting distribution is used to estimate sectional lift forces, which are integrated to obtain shear force and
bending moment distributions. The bending moment distribution across the wing is shown in Figure 14.

Figure 14: Wing Bending Moment Distribution

8.2.2 Spar Structure

In the initial prototype, two 12/10 mm roll-wrapped carbon fibre spars were used, spanning 1 m through both
wings and the fuselage. This configuration included plywood spar caps and balsa shear webs to transfer loads
from the skin to the carbon spar and into the fuselage. This design was found to be over-strengthened and
unnecessarily heavy (see Section 8.7).

A 14/12 mm tube is approximately 65% stronger than a 12/10 mm tube [5] and 5.5% lighter. In the final design,
this larger tube is used in combination with a shorter 8/6 mm tube to support root bendingmoments and torsional
loads.

The carbon fibre tubes are inserted into 3D printed PLA sleeves to facilitate assembly. These sleeves are
bonded between 1.5 mm × 9.5 mm celery top pine spar caps on the upper and lower surfaces, connected by
3 mm balsa shear webs. A 2D representation of this configuration is shown in Figure 16b. The pine spar caps
are continuous from root to tip to ensure effective load transfer.

The larger carbon fibre tube spans 800 mm, extending 340 mm from the wing root on each side. Based on a
conservative modulus of rupture of 35 MPa for pine, the combined pine spar cap and balsa shear web I-beam
structure was determined to be sufficient to carry loads beyond the carbon tube termination. The transition
location was selected based on the stress distribution shown in Figure 15, assuming the main spar carries 60%
of the total wing load.

This configuration balances structural strength and weight, ensuring adequate load-carrying capability while
minimising mass.

8.2.3 Overall Structure

The half-wing structure is shown in Figure 16a. In addition to the spar system, the wing consists of 3 mm balsa
ribs in the outboard section and 3 mm plywood ribs in the inboard section. The plywood ribs are used at critical
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Figure 15: Carbon Tube Transition Location

interfaces, including the nacelle walls, tail boom attachment, and wing root.

The slotted flap slot is manufactured using 3D printed LW ASA, with hinge interfaces consisting of double lug–
single lug configurations to ensure secure attachment. Control surfaces are constructed using 1.5 mm balsa
ribs, 1.5 mm balsa skin, and 3 mm plywood reinforcement at control horn and hinge attachment points.

To maintain aerofoil fidelity and improve manufacturability, a 3D printed LW ASA leading edge is incorporated
for both the wing and slotted flaps.

Overall, the wing structure is designed to efficiently transfer aerodynamic loads while maintaining structural
integrity and manufacturability.
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(a) Overall Wing Structure (b) 2D Spar Cross-Section

Figure 16: Platypus Wing Structure

8.3 Fuselage Structure

The fuselage of Project Platypus is a semi-monocoque structure utilising a mixed-wood construction method.
A rectangular box geometry was selected to simplify assembly and minimise cross-sectional area (see Sec-
tion 5.4), while ensuring sufficient volume for the payload, telemetry box, and avionics suite. This internal
arrangement is illustrated in Figure 17, where the telemetry box and flight battery are highlighted in blue and
yellow, respectively.

Longitudinal structural integrity is provided by 6.5 mm square balsa longerons located at each corner of the
airframe. Balsa was selected over denser materials such as spruce or pine due to its lower density, allowing
a larger cross-section for a given mass. This increases bonding surface area for the skin and formers while
maintaining compatibility with the stiffness of the balsa skin. This promotes more uniform stress distribution
and enables the skin to contribute effectively as a load-bearing component, resulting in a structurally efficient
airframe. Torsional stiffness and load distribution are managed by eight 3 mm plywood formers spaced along
the fuselage. Structural testing (see Section 8.7) validated the bending strength of this configuration, with
further refinements implemented to reduce mass where possible.

The payload is integrated laterally through a hatch spanning the majority of the port side. Each can is supported
by a 3 mm balsa internal structure consisting of two longitudinal ribs with circular cut-outs to cradle the can
ends. Balsa strips connect these ribs to the longerons and skin, distributing loads along the fuselage length.
This configuration provides a lightweight and robust solution while ensuring load transfer into the surrounding
structure. Lateral movement is prevented by the side hatch locking mechanism and two plywood strips on the
starboard side, which distribute point loads from the can rims into the fuselage skin.

The wing interface is located between two reinforced formers that support the continuous carbon fibre wing spar.
As the spar is supported only at the fuselage edges, this interface primarily transfers shear loads. A secondary
rear spar interface of identical design manages torsional loads, which are elevated compared to conventional
configurations due to the direct transmission of tail loads through the wing. The main undercarriage is co-
located with the spar interfaces to utilise the existing structural reinforcement. The nose wheel is mounted to
the second former from the front, which has been specifically reinforced to withstand landing loads.
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A 30 mm utility section is positioned above the payload bay to house the telemetry box and provide a dedicated
routing path for battery cabling. To reduce fuselage length, the propulsion battery is mounted on a cantilevered
tray within the nose fairing. The avionics and receiver battery are located directly below the telemetry box to
centralise mass and improve packaging efficiency.

Figure 17: Fuselage internal structure

8.4 Empennage

The empennage consists of a horizontal stabiliser (HS) and two independent vertical stabilisers (VS), shown in
Figure 18. For control redundancy, the HS incorporates a split elevator, while the VS units utilise independently
actuated rudders. The structure interfaces with the tail booms via interlocking plywood tabs integrated into the
root of the tail surfaces. These tabs align the HS and VS and prevent relative translation along the boom; as a
result, only the HS requires mechanical fastening via bolts into a boom-mounted interface.

The primary structure employs a closed-cell balsa design to maximise stiffness while minimising mass. This
consists of a 1.5 mm balsa skin supported by 3 mm balsa ribs and a triple-spar arrangement (front, middle, and
rear). The structure is covered with Profilm for environmental protection and surface finish.

The HS leading edge is manufactured using low-infill lightweight ASA through 3D printing. This method im-
proves geometric accuracy compared to manual shaping and provides a suitable surface for Profilm application.
The VS uses a solid 3 mm balsa leading edge sanded to profile, as the smaller leading edge radius does not
justify additive manufacturing.

Control surfaces are constructed using 1.5 mm balsa ribs with 0.8 mm plywood skins. Plywood was se-
lected for its thin profile while maintaining structural strength, reducing trailing edge thickness and limiting
post-processing. Although slightly heavier, the plywood skins significantly improve torsional rigidity. Hinging is
achieved using overlap-stripped Profilm for the elevator and criss-cross hinging for the rudder.

8.5 Landing Gear

The undercarriage is designed as an inverted U-shape and is manufactured from composite materials. This
geometry distributes loads from the wheels into the central mounting region, reducing stress concentrations
and improving impact absorption compared to alternative configurations.

The structure is constructed using a combination of carbon fibre and fibreglass fabrics. Carbon fibre provides
high stiffness-to-weight and strength-to-weight performance, enabling the landing gear to carry bending loads
efficiently. Fibreglass is incorporated to improve flexibility and increase laminate thickness, enhancing energy
absorption during landing and reducing rebound behaviour.

To manufacture the undercarriage, multiple carbon fibre fabric orientations were used. Uni-directional carbon
carries primary bending loads, double-bias carbon provides torsional resistance, and twill woven fabric con-
tributes to overall structural integrity. Fibreglass is used as a core layer within the laminate. These materials
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Figure 18: Empennage internal structure

are arranged within a 3D-printed mould and infused with epoxy. The assembly is vacuum-bagged, and after
approximately 10 hours, the cured laminate is removed from the mould. The manufacturing process is shown
in Figure 19.

(a) Composite undercarriage mould and layup
arrangement. (b) Vacuum bag setup for the undercarriage.

Figure 19: Manufacturing process of the undercarriage.

8.6 Materials and Manufacturing

Project Platypus’s airframe structure is primarily constructed from timber materials, with balsa and plywood se-
lected for their availability, strength, and favourable weight characteristics [6]. Balsa forms the primary structure
due to its high strength-to-weight ratio, while plywood is used in regions of concentrated load, such as boom
interfaces and nacelles. Although plywood increases mass, it provides improved multi-directional strength
compared to balsa and is therefore used selectively.

The spars and booms are constructed from commercially available roll-wrapped carbon fibre tubes, providing
high strength while maintaining a simple manufacturing process. This also simplifies structural interfaces and
enables modular wing construction for transport.

The airframe is manufactured in separate sections, including the fuselage, port and starboard wings, horizontal
tail, and vertical stabilisers. Components are laser cut from CAD-derived profiles using various thicknesses of
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balsa and plywood. Each section is assembled within a custom MDF jig, also laser cut, to ensure dimensional
accuracy and alignment. The MDF is processed using the University of Sydney Fabrication Laboratory laser
cutter, enabling safe extraction of timber fumes. The jig-based process ensures repeatability and reduces the
likelihood of warping or geometric inaccuracies.

Figure 20: Prototype port wing manufacturing process; ribs & spars glued together guided by the MDF jig

Following jig preparation, components are dry-fitted to verify alignment. Minor adjustments are made as re-
quired, such as sanding balsa shear webs to fit between ribs. Once aligned, Titebond wood glue is used as
the primary bonding agent, as shown in Figure 20. Cyanoacrylate adhesive is used sparingly for temporary
positioning due to its brittle characteristics.

Wing skins are formed by shaping 1.5 mm balsa sheets using a moulding process. This involves 3D-printed
internal and external moulds, with wetted A-grain balsa compressed between them. A-grain is selected for its
formability and low density, and wetting prevents cracking during forming.

Despite this method, lightweight PLA 3D-printed leading edges were ultimately adopted, as they reduced man-
ufacturing complexity and improved consistency. The moulding process frequently resulted in splitting and
required significant setup time. The printed leading edges, as described in Section 8.2, improved production
efficiency.

8.7 Structural Validation

The structural integrity of Platypus is validated through static loading and impact testing of prototype com-
ponents, including the fuselage, wing, undercarriage, tail, and boom interface. Testing was conducted in con-
trolled conditions to isolate structural behaviour from flight effects. Incremental loading was applied to establish
stiffness characteristics and failure thresholds.

(a) Prototype wing static load test
(b) Refined boom interface undergoing static
load test

Figure 21: Testing setups for Platypus prototype port wing and refined boom interface
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8.7.1 Wing Structure

Initial testing, shown in Figure 21a, indicated that the prototype wing structure exceeded the required design
strength, resulting in unnecessary mass. This informed a refinement of the wing design, enabling weight
reduction while maintaining structural integrity, as described in Section 8.2.

8.7.2 Boom interface

Static bending tests were conducted to determine the moment required to cause failure at the boom interface,
simulating elevator-induced loads. The refined interface shown in Figure 21b failed at 24 Nm, exceeding the
design requirement of 17.5 Nm. To further increase this margin without significant mass penalty, the rib design
was refined by reducing the cut-out area at the cable routing hole, where failure initiated. This improved the
structural robustness of the boom interface under high loading conditions.

(a) Prototype fuselage static load test
(b) Prototype undercarriage failure after impact
test

Figure 22: Testing setups for Platypus prototype fuselage and undercarriage

8.7.3 Fuselage

Static testing of the prototype fuselage under increased loading conditions, simulating higher payload scenarios,
demonstrated that the initial design was over-engineered. The fuselage was loaded uniformly while suspended
from the wing spars, as shown in Figure 22a. This enabled further weight reduction in the refined design
presented in Section 8.3.

8.7.4 Undercarriage

Impact testing of the prototype undercarriage revealed insufficient stiffness under landing loads. The failure
mode, shown in Figure 22b, occurred under drop testing conditions simulating hard landings. This resulted in
a redesign of the laminate structure, leading to the improved composite layup described in Section 8.5.

8.7.5 Impact

This iterative testing approach ensures that the final Platypus design is structurally efficient. By identifying over-
engineered components and validating failure modes through testing, the design evolved from a conservative
prototype to a refined, competition-ready airframe.

This structural design approach minimises mass while maintaining sufficient strength, directly supporting im-
proved payload capacity and overall competition performance.
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9 Payload Prediction

9.1 Sensitivity Analysis

In addition to the AirCrafter program, a first-principles analysis was undertaken to better understand the rela-
tionship between key performance variables and scoring outcomes.

(a) Design point score sensitivity (b) Payload and speed relation to raw score

Figure 23: Score sensitivity analysis

Figure 23b illustrates the relationship between raw score, payload, and aircraft speed, providing insight into
the design space and the trade-offs required to maximise flight score. This analysis does not capture finer
details of the aircraft configuration or additional scoring factors, but provides a useful first-order understanding
of performance trends.

Figure 23a presents the sensitivity of the selected design point to variations in payload and flight speed. This
enables assessment of whether performance improvements are more effectively achieved through increased
payload or increased speed, supporting informed design and operational decisions.

9.2 Final Payload Prediction

The payload prediction bonus is calculated using the formulation shown in Section 9.2. Project Platypus is
structurally capable of accommodating up to 5 cans within the fuselage bay; however, the recommended design
point corresponds to a 30% payload fraction (as predicted by AirCrafter, see Section 4.3).

Flight testing of the first prototype with 5 cans revealed a noticeable degradation in both take-off and cruise
performance compared to the 4-can configuration. As a result, the final decision to operate with either 4 or 5
cans at the 2026 Air Cargo Challenge will be based on further flight testing conducted prior to the competition.

From the equation for the payload prediction bonus scores, in Table 2, if 4 cans are predicted and 4 cans are
flown, 12 bonus points are awarded. If 4 cans are predicted and 5 cans are flown, 12 points are still awarded,
with the increased payload contributing to the main mission score. Conversely, if 5 cans are predicted but
only 4 cans are flown, 8 points are awarded. If 5 cans are both predicted and flown, 15 points are awarded,
representing only a 3-point increase relative to the 4-can prediction case.

Given the relatively small scoring benefit of predicting a higher payload and the potential performance penalties
associated with increased mass, the team has selected the following payload prediction:

Team 25 - Sydney UAV Engineering’s aircraft Project Platypus will carry 4 cans as payload

This strategy minimises the risk of underperformance while maintaining a competitive score, ensuring robust
mission execution under varying flight conditions.
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10 Outlook

10.1 Risks and Limitations

Key risks in the development of Platypus arise from manufacturing processes, including sanding, laser cutting,
and manual fabrication, which present hazards such as cuts, burns, and dust inhalation. These risks are miti-
gated through structured training, supervised use of equipment, and the use of personal protective equipment,
including N95 respirators during sanding.

A primary limitation is restricted access to composite manufacturing facilities. University regulations prohibit
carbon fibre fabrication within the SUAVE laboratory, constraining the design to timber structures and com-
mercially available composite components. While full composite construction could reduce mass and improve
performance, the adopted approach leverages team experience and available infrastructure.

Development was further impacted by a temporary shutdown of the aeronautical engineering building due to
asbestos remediation, delaying manufacturing and testing. This was mitigated through improved planning and
workflow efficiency following the interruption.

10.2 Testing Plan

Static and flight testing have been conducted to validate structural integrity, performance, and stability. Static
testing includes load application to critical components such as the wing, boom interface, and fuselage to
assess strength, stiffness, and failure modes. Results are compared against design predictions to identify
overdesign and guide weight reduction.

Figure 24: Initial Platypus Prototype Test Flight

Flight testing, as shown in Figure 24, evaluates take-off performance, stability, control response, and structural
integrity. Key metrics include take-off distance, handling characteristics, and post-flight structural condition.
These tests have validated the configuration and informed iterative design improvements. Further testing is
scheduled prior to ACC2026 to refine performance.

10.3 Improvements

Testing identified structural mass and propulsion efficiency as key areas for improvement. The initial prototype
exhibited reduced performance at higher payloads, highlighting the need for weight reduction.

This is addressed through structural optimisation, including reducing non-structural plywood, incorporating light-
ening features, and refining system integration. The final wing design is expected to achieve a mass reduction
of approximately 400 g, with similar improvements across the fuselage and empennage.

The University of Sydney Page 29 of 30 Team 25 - Sydney UAV Engineering



These refinements are being implemented in the final design and will be validated through continued test-
ing. Future development will place increased emphasis on rapid prototyping, as empirical testing has proven
effective in identifying load paths and optimisation opportunities.

Overall, Project Platypus demonstrates a robust and validated design, with ongoing refinements expected to
enhance performance and competitiveness at ACC2026.

11 Drawings

The required drawings are appended to the end of this report after the bibliography. As requested there is a 3
view drawing of the aircraft, an isometric view, a detailed view of the fuselage and the payload layout, and the
fourth drawing looks at the packing assembly of the aircraft
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