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1 Introduction
1.1 Team

We are bachelor’s and master’s students from the Faculty of Mechanical Engineering, the
Faculty of Transportation Sciences and the Faculty of Electrical Engineering.

Our mission is to provide students with practical engineering experience through
participation in international aerospace events and competitions. By working on real
aircraft design projects, our members develop technical knowledge, teamwork skills and
project experience that prepare them for future careers in the aerospace industry.

Figure 1 CTU AeroLab at BMFA Payload Challenge 2025

2 Project management

2.1 Team management

Our team is organised into several departments to ensure clear responsibility and
efficient project work. The team is led by the Team Captain, who coordinates the project,
manages communication and monitors the schedule.

The technical work is divided into Calculation, Construction, and Manufacturing.
These departments are responsible for analyses, aircraft design, production and
assembly. The PR & Marketing department manages team promotion, sponsor
communication and public presentation.

This structure helps the team coordinate tasks, make decisions efficiently and develop
the aircraft as one complete system.

tiadtcl Milan Dvordk

et Faculty advisor
(team management)
Spela Skof | Ondiej Tomasik —m— Tra My Vu Nguyen —m
Computing Production Design and Public Relations Continuous improvement
management management development and Marketing management

Figure 2 Team management diagram
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2.2 Financial budget

This year, our participation in ACC 2026 is made possible thanks to the support of our
main sponsor, Prague Airport. Their financial contribution of €8,200 provides essential
funding for the team and helps cover the costs associated with attending the competition.
This support plays an important role in enabling us to represent our project
internationally and continue developing our technical and organisational capabilities.

Table 1 Finance distribution for ACC 2026

ACC participation fee €1,050.00
Van rental €700.00
Fuel €230.00
Travel cost Parking, vignette, road fees €100.00
Accommodation — DJH hostel €1,589.00
Food and extra meals €1,050.00
Insurance €100.00
Carbon/glass fibre, plywood, balsa
Material wood, mpulds, filament_s for 3D print, €2.500.00
carbon fibre parts (landing gear parts,
tubes...)
Electronic parts and BLDC motor, propellers, €750.00
propulsion accumulators, ESC, receiver, servos '
Workshop Tools and miscellaneous €100.00

Total €8,169.00

2.3 Time schedule

This year, our team faced a difficult situation, where our members were either in the last
years of their studies or in their first years. Because of that, handover of know-how was
our greatest priority for this year, so the team would be able to continue functioning on
in the following years. To achieve that, a lot of our time and energy was pointed towards
preparation and execution of various workshops, from theoretical lectures about
aerodynamics and CAD to teaching various building and design techniques.

In addition to that, this year’s competition happens to take place just after our summer
semester’s exam period, which means it interferes with the most crucial part of the
competition preparation - the manufacturing of the aircraft.
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Table 2 Season 2025/26 timeline

Aug | Sep | Oct [ Nov [ Dec | Jan [ Feb [ Mar | Apr [ May [ Jun [ul

31|32|33(34|35|36(37|38|30(40|41|42]43[44|45(|46[47|48|49(50|51 52[ 1 J 2 | 3 I 4 J 5 l 6 { kd I 8 I 9 Jll]lll{12]13|14‘15|16|17J18|19{20121122‘23 24|25|26

Rules analysis

Concept development
Optimisation - stage one
New member recruitment
‘Workshops

Optimisation - stage two
Performance analysis
Structure design

CAD design

Load analysis & dimensioning
Exam period
Manufacturing preparation
Manufacturing

Technical report

Exam period

Test flights

Time reserve

ACC 2026

3 Aerodynamic design
3.1 Strategy

Our philosophy has shifted from theoretical over-optimisation to a more realistic concern
for repeatability in less-than-ideal conditions, whether those conditions arise during
manufacturing or on the airfield. This way, we can get more consistent results during both
testing and competitions.

3.2 Design objectives
The aim was to design a fast, high payload capacity UAV. The balance of these two
conflicting parameters was optimised in multiple stages.

Apart from quantitative scoring potential, the goal was to create a platform that would
allow for improvements during the optimisation and design stage, but also through
incremental changes during its life cycle, or alternatively the use of fallback strategies to
aid time management in preparation for the competition deadline.

The design strives for balance of flight performance, manufacturability and ground
operations smoothness, while pushing the team’s skillset.

3.3 Layout optimisation - stage zero

For this year’s ACC, the flying wing concept from 2024 was abandoned early in the
optimisation, mainly due to the payload form factor, which geometrically favours tube-
and-wing configurations. During initial mission analysis, it was decided that a two-row
payload layout would be favourable, as it balances fuselage length and frontal area for
larger payload amounts. Conventional layouts also offer the added benefit of easier
workforce distribution.

The 2026 iteration of the ACC provides an interesting challenge by allowing the use of up
to two motors, which gives more freedom in the overall configuration. To further narrow
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down potential optimisation cases, we first analysed the non-aerodynamic aspects of the
design - such as landing gear placement, main spar location relative to the measuring
equipment (including its satellite connection constraints), cargo loading and propeller
clearance. The result of this qualitative analysis was the following potential layouts, along
with a single-motor configuration as a subcase of the push-pull design:

Push-pull
e Wing-mounted landing gear
e Measuring equipment (m. e.) mounted
inside the fuselage
+ Possibility of two different propellers
- Access to cargo, decreased rear propeller
efficiency, poor rear motor cooling

Figure 3 Push-pull concept

Twin fuselage

e Fuselage-mounted landing gear

e M.e. in the wing centre section

e Payload in both fuselage

+ Landing gear directly under payload, two
identical fuselages, inverted V-tail

- Wetted area, 2x fuselage interference
drag

Figure 4 Twin fuselage concept

Twin motor
e Tricycle landing gear
e M.e.in wing centre, above the fuselage
+ Mostly undisturbed propeller airflow,
blown wing, easy cargo bay access
- Potentially larger frontal area

Figure 5 Twin motor concept

High-wing layout was chosen for the side-by-side motor configuration to ensure
adequate propeller clearance and easy packaging of both the cargo and the telemetry box,
allowing

for a shorter fixed landing gear. Retractable landing gear was considered, but it was later
abandoned due to time constraints and the relatively thin wing profile.

For the tailplane, a V-tail was chosen for its simpler manufacturing process and
potentially lower interference drag compared to conventional X-tails.
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3.4 Design optimisation - stage one
A design optimisation programme was developed in Python. In the first stage, a
calculation predicting flight scores based on competition rules was conducted over an
iteration of the following input parameters:

Table 3 Optimisation input parameters

Parameter [units] Range

Propeller [-] All tested propellers [1]

Wing aspect ratio [-] 5.0-12.5

Wingspan [m] 1.0-4.25

Take-off distance [m] 30 and 50 (rules - 10 m reserve)

Wing airfoil AG35, RG15, selection of NACA and HQ airfoils

Atrapezoidal wing was assumed. Other geometrical parameters (such as tail volumes and
wing taper ratio among others) were estimated based on recommended values and best
practices from previous competitions and were fixed for the optimisation calculations.

Three variations of the programme were prepared, allowing the comparison of the three
different aircraft configurations mentioned above.

For the push-pull configuration, it was assumed that the propellers would not necessarily
be the same and that the propellers would not run at the same time. The pull propeller
was considered for take-off and climb, while the push propeller for speed. To compensate
for the fuselage blocking the airflow, 90% of an equivalent pull propeller was assumed
for the push propeller.

Single motor configuration was also considered. It was analysed as a sub-class of push-
pull, but with the same propeller for take-off and speed regime.

3.4.1 Aerodynamic properties

As a baseline, the aerofoil aerodynamic properties were extracted from Airfoil Tools [2].
The aerodynamic properties of the whole aircraft (wing, fuselage, empennage, landing
gear) were then empirically calculated based on [3]. During aerofoil selection and
optimisation, attention must be paid to the Reynolds number regions where the design
operates. In this case, we're between 5e4 on the low end and close to 8e5 at expected
maximum airspeed, thus low Reynolds number aerofoils are needed for good
performance.

3.4.2 Propulsion

Available thrust was calculated based on dynamic propeller test measurements provided
by the competition organisers [1], with the aim to further optimise propeller dimensions
during test flights, if possible. In the case of a twin-motor aircraft, the total thrust was
calculated by the following equation:

Tewin = 2-Ti54+ 0.9
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3.4.3 Maximum take-off mass

The maximum possible take-off mass for the input take-off distance was iteratively
calculated based on the aircraft’s aerodynamic coefficients and propulsion. Taking an
initial guess of MTOM, the velocity at the end of the runway was numerically integrated
using the following equation:

Vi = \/2ai_1ASi + viz—l’
where

1 1
T (v;) — crr(mig — 7PViZCL,i5) - 7pvi2CD,iS
a; =

m;

A new MTOM was subsequently calculated, assuming that the velocity at the end of the
set runway length is equal to the stall speed (considering the previously mentioned 10 m
runway reserve). For the next iteration, the input MTOM was then:

_ Spveznd CLmax Mpew — M

Mpew = 29 Mmiy =m; + )

This process was iterated until the maximum take-off mass converged.

3.4.4 Maximum climb rate and airspeed
The maximum climb speed and maximum airspeed are both determined using a power
equilibrium graph. This method is further described in Performance prediction.

3.4.5 Empty weight and payload estimation

The empty weight of the aircraft was estimated in two steps. Firstly, the wing weight was
estimated as a function of MTOM, max load factor, maximum airspeed and wing
geometry, following the statistically determined equation by the USAF method for GA
aircraft (calculated in imperial units) [4]:

0.36 0.993

0.6 0.5

Mrom - e i 5 S
mwing =96.948 - <—105 ) . (/1)0 7. (m)

0.61 1+n ( UH)

[

Secondly, this value was transformed to SI units and correction factors were applied to
align the theoretical weight with the historical weight statistics of our team’s previous
aircraft:

Mgy = mwing . 176 + 1.44

The maximum allowed number of cans (payload) was then calculated as the difference
between the maximum take-off mass and the empty mass - rounded down to the nearest
integer multiple of the standard 0.350 kg can mass.

10
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3.4.6 Additional restrictions

The calculation iteration was immediately terminated if any of the following constraints
were not met:

- MTOW below 0 kg or convergence not occurring in 25 iterations (indicating
insufficient take-off length)
- Maximum climb rate < 2 m/s (failing the climb stage requirement)

- Minimum wing height < 0.030 m (violating structural or measuring equipment
requirement)

Such iterations would return a flight score of 0.

3.5 Stage one optimisation programme outputs
The results showed that the twin-motor, single-fuselage configuration returned the best

flight scores. Among the tested aerofoils, the AG35 proved optimal and the 12x10
propeller achieved the best scoring performance.

The highest flight score correlated to a payload of approximately 10 cans for the 60 m
runway. With the 40 m runway restriction, the payload capacity would be reduced by an
average of two cans. While the 40 m take-off distance provides a 15% score bonus,
carrying 10 cans on the 60 m runway yields a 25% increase in the raw payload score
compared to 8 cans on the shorter take-off distance (10 / 8 = 1.25).

The figure below shows the distribution of achieved scores as a function of wingspan and
aspect ratio for the described best configuration of the aircraft.

131

{-] 8d ‘1PX@ 31095

12 4.0

Figure 6 Optimization results - flight score against wingspan and aspect ratio for twin motor configuration with Ag35
airfoil

11
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3.6 Design optimisation - stage two
For the second stage, only the best scoring combination of aircraft configuration,
aerofoils, take-off distance and wing geometry was selected for further analysis.

The given propulsion setup with low-KV motors inherently favoured a strategy of lifting
heavier payload at slower flight speeds. Previous experience with single-motor
configurations occluded by a large fuselage suggested that wing-mounted motors would
benefit from relatively clean, undisturbed airflow. Furthermore, the blown wing centre
section generated by the twin propellers is anticipated to be beneficial during take-off.

3.6.1 Wing design

A selection of the optimal trapezoidal wing geometry combinations from the first stage
were taken and more elliptical versions (multiple trapezoidal wing sections) of the said
wings were modelled in XFLR5 [2]. Their polars were imported into the Python
programme to replace the empirical calculations of aerodynamic properties of the wing.
The program was run again to find the higher-scoring elliptical wing geometry, which is
presented in the figure below:

y0 chord ) offset () dihedral(®) twist(") foil
0,000 0,340 0,000 0,0 0, 002635
0,370 0,340 0,000 4,0 0, 002635
1,100 0,220 0,030 4,0 -1,00AG35
1,150 0,200 0,044 4,0 -1,00A635

1,200 0,160 0,078 4,0 -1,00AG35

Mmoo oW e

1,250 Q,070 0,162 -1,00AG35

Figure 7 Wing planform

The dihedral angle was chosen to increase stability and ground clearance without overly
compromising crosswind take-off/landing capability. Twist and planform are a
compromise with the goal of elliptical lift distribution, good stall characteristics
(separation first from the wing root) and ease of design and construction. The wing is
designed around a straight spar running along the aerofoil maximum thickness.

Although the optimisation programme was not designed to analyse flapped wings, we
decided for the use of plain flap/flaperons - they are simple to design and manufacture,

12
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improve take-off performance and therefore allow to carry more payload, while the mass
and drag increase is relatively small.

During further development, decambering the wing using slight upward deflection of
flaps and flaperons is expected to decrease airfoil form drag and wing torsional load at
cruise speed.

To reduce drag caused by flaperon and flap hinges, a faired hinge design, such as the one
commonly seen on F3F slope gliders, was used - control surfaces hinged on the bottom
wing surface, with a fairing over the hinge gap on the top surface. This allows for a smooth
bottom surface to help maintain laminar flow.

3.6.2 Empennage design

As mentioned above, a V-tail empennage was selected primarily to simplify the
manufacturing process. A low-drag symmetrical aerofoil ]X-Fe-250 from a F5] class glider
operating in similar Reynolds number regimes was chosen. During preliminary design,
the minimum lifting surface area of the equivalent horizontal tail was determined by
evaluating stability requirements at the estimated rear CG and high angle-of-attack
controllability requirements at the estimated front CG [7]. To calculate the required V-
tail surface area, the critical value of the two beforementioned conditions was divided by
cos?(35°), as suggested by [4] - where 35° represents the dihedral angle of the V-tail.

3.6.3 Fuselage design

The fuselage shape was primarily designed around the payload - it's sized to
accommodate ten cans: two rows of side-by-side cans lying along the longitudinal axis,
with the front and rear ends of the fuselage being rounded and narrowed to a more
aerodynamic shape.

3.6.4 Landing gear design

In the beginning of the project, we considered and evaluated that a retractable landing
gear would be more advantageous over a fixed landing gear. However, it was rejected
because we don’t have enough experience making them, and it wouldn'’t fit in with the
relatively thin wing structure we designed. Thus, a fixed tricycle landing gear was
selected. The track and wheelbase were dictated by the wing and fuselage structure and
empirical recommendations.

13
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4 Final design and performance analysis

Table 4 Final aircraft design dimensions

Parameter Value Unit
Wing area 0.71|m?
Wingspan 2.5|m
Aspectratio 8.82(/
Length 1.258m
Height 0.405|m
MTOM 5.29 (kg
CG margins 15.5t033.5|%MAC
Wing loading 7.47 | kg/m?
Power loading 65| W/kg
V-tail area 0.13|m?
V-tailarm AC-AC 0.73|m
Wing airfoil AG35(/
V-tail airfoil Jx-Fe-250 |/
Propeller Aeronaut CAM carbon folding 12x10
Transport box dimensions 410x180x910 | mm x mm x mm

14

Figure 8 Final aircraft design CAD model
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4.1 Mass distribution

Table 5 Aircraft mass distribution

Count |Weight per pc. [ Weight X position
n Item [/] [g] [kg] [mm]
1| Propeller 2 26.93 0.05 -30.0
2| Spinner 2 15 0.03 -25.0
3| Motor 2 108 0.22 -15.0
4| Main battery 2 120 0.24 60.0
5|ESC 2 8 0.02 20.0
6 | Receiver 1 5 0.01 -30.0
7 | Measuring equipment 1 150 0.15 150.0
8|FC 1 27 0.03 -30.0
9| Receiver battery 1 49 0.05 -30.0
10 [ GPS 1 8 0.01 -45.0
11 [ Airspeed sensor 1 10 0.01 -230.0
12 [ Fuselage 1 600 0.60 190.0
13 [ Payload container 2 22 0.04 100.0
14 [ Nose landing gear 1 75 0.08 -152.4
15| Main landing gear 1 150 0.15 123.4
16 | Central wing 1 250 0.25 170.0
17 | Wing tips 2 200 0.40 120.0
18| Flaperon servo 2 20 0.04 120.0
19| Flap servo 1 10 0.01 220.0
20 [ V-tail 1 100 0.10 850.0
21| Tail servos 2 10 0.02 850.0
22| Cargo (8 cans) 8 350 2.80 100.0
23| Ballast 1| adjustable adjustable -250.0
Total empty mass 2.49

All X-positions are measured from the global coordinate system origin, located at the
wing’s leading edge in the plane of symmetry, with the positive x-axis oriented towards
the tail. Parts include an estimated mass of cables that run through them.

Empty aircraft CG position is at 44% MAC. To ensure longitudinal stability (see
Longitudinal stability for more detail), there is a designated room for ballast located in
the nose of the fuselage. Approximately 200 g of additional ballast is predicted for a stable
aircraft without cargo, the value might vary based on actual weight (the table shows
current estimations).

15
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4.2 Longitudinal stability

The neutral point of the aircraft was first calculated empirically following [7].
Aerodynamic parameters of the wing and tail were extracted from XFLR5. The effect of
the fuselage was added empirically. Downwash derivative and dynamic pressure
reduction were estimated from recommended values.

o« de\ q, S I 3.50 0.087 0.73
Xnp = Tacwr +%-<1——>-—”~M-—”= 0,244 +——-(1-04)-0.9 - ——  ——— = 36% MAC
S da) q Sy  buac 4.80 071 0297

Secondly, the NP was calculated in XFLR5 as XNP = d(XCp.Cl)/dCl = 0.134 m, which
corresponds to 41% MAC. Since the empirical calculation is based on certain estimations
and simplifications, the XFLR5 value was considered as the more precise one. An
additional 1% MAC (forward) was considered as a reserve to take into account the
fuselage. We chose a 7% MAC static margin for critical rear and 25% MAC for critical front
CG position:

Xcorear = Xnp — 7 = 40 — 7 = 33% MAC - X(greqr = 0.110m

xcg_fmnt = m —25=40-25=15% MAC - xCG,fmnt =0.057m

These CG positions were chosen to guarantee controllability and stability without large
elevator deflections. A more specific value in this range will be determined during flight
testing.

4.3 Aerodynamic properties

Two XFLR lift lines at two different elevator deflections were exported. For each of them,
a point (an angle of attack) that corresponds to zero moment coefficient was found, which
represents the equilibrium - these two pairs of angle of attack and lift coefficient fully
define the balanced lift line. Wing drag was extracted directly from XFLR, while for other
components - fuselage, tail and landing gear - an empirical method following [4] was
used. A detailed drag breakdown is shown only for cruise configuration; flapped drag is
only shown for whole aircraft. Maximum lift coefficient was determined as maximum
wing lift coefficient: cLmax = 0.95*cLmaxac35 = 1.35. Flaps (at 15°) increase the lift coefficient
by approximately 0.35 (XFLR5), but it was assumed that flapped wing would stall at lower
angle of attack so a conservative CLmaxflap = 1.50 was assumed.

Since the competition aircraft configurations all strive toward the rear CG margin, the
aerodynamic properties are displayed for that CG position.

16
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4.4 Payload prediction

Drag coefficient [/]

Figure 9 Aerodynamic characteristics

The payload prediction for the final design was done using a process similar to the one
described in chapter Maximum take-off mass. The calculation was adapted to a flapped
configuration (flaps and flaperons at 15°). The following graph illustrates the maximum
predicted MTOM and number of cans as a function of air density for both the 60 m and 40

m take-off distances.

10

MTOM [kg] or number of cans [/]
(a2}

Payload prediction

- = = MTOM @ 60m TO
n cans@ 60m

- — = MTOM @ 40m TO
n cans @ 40m

08

09

1.1 12
Air density [kg/m3]

13

14

Figure 10 Payload prediction as a function of air density

The aircraft was designed with a maximum structural capacity of 10 cans. However, our
final prediction is based on the average air density in Stuttgart measured between July 1st
and July 3rd over the past six years (p = 1.16 kg/m3). Based on these anticipated weather
conditions and considering one can reserve to avoid unnecessary loss of Prediction bonus
points; we declare a predicted payload of 8 cans for the competition.
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The figure on the next page illustrates the chosen distribution of any possible number of
cans from 0 to 10, determined by following these rules:

1. CG must be between allowed critical values (if needed, achieved with additional
ballast). All such possible configurations are shown on mass envelope below,
where actual rear and front CG margins are visible (10 can point is not shown
because it exceeds MTOM):

6.0

® o Scans
55

e o o 8cans
5.0
e o ¢ o 7 cans
e o o o o 6 cans
45
e o o o @ 5cans
v
= 40
o e o L] L] [ ] 4cans
a5 ° ) ® ® 3cans
[] L] [ ] 2cans
3.0
° 1can
°
25 @ all cargo
®EM
® chosencargo
20
0.0 5.0 10.0 15.0 20.0 250 300 350 400
CG [%MAC]

Figure 11 Mass and CG envelope

2. CG must be as far back as possible in the permissible range. This way, the force on
the tail required for horizontal flight is the smallest = needed elevator
deflection is the smallest > dragis smallest > higher speed achievable.

3. For even number of cans a symmetrical distribution, for odd number of cans one
side has one can more than the other, which is of minimal concern due to the
proximity to the CG.

4. When more of such options are available, the one that seemed easiest to
remember was chosen to make work easier and faster for the designated cargo
loader.
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LEGEND: .
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m_balast = 95 g

3l=lluls

Figure 12 Chosen can distribution for optimal CG position in 2x5 payload container. The declared 8-can prediction is
highlighted in red.

m_balast = 215 g

4.5 Performance prediction

4.5.1 Stall
Stalling speeds (cruise and flapped) were calculated based on maximum lift coefficients
assuming equilibrium of weight and lift force.

4.5.2 Cruise speed
Cruise speed is determined at maximum cL/cD ratio, also visible on the glider polar:

Glide polar

BE-RE T 10 15 20 25 30 35 40

v _cruise=13,0 m/s
cL/cD max = 16,8

w [m/s]

u[m/s]

Figure 13 Glider polar
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4.5.3 Maximum horizontal speed

Maximum horizontal speed was determined via power equilibrium graph. It is produced
by multiplying available and required thrust (drag force) with velocity. Maximum
horizontal airspeed is achievable, when the power lines meet for the second time.

Power equilibrium graph

400 L v .
I I
350 (Pava-Preq)_max | ! !
300 i :
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100 |
1
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0 5 10 15 20 25 30 35 40
P ava P req Airspeed [ m/s]

Figure 14 Power equilibrium

4.5.4 Maximum climb rate

Excess power from horizontal flight allows climb. The maximum climb rate is calculated
from:

(Pava - Preq)max
mg

Wiax =

Climb rate
25

w_max =2,11m/s

1.5

Climb rate [m/s]

05

0 5 10 15 20 25 30
Airpeed [m/s]

Figure 15 Climb rate

4.5.5 Take-off
Take-off distance was determined as the distance where the flapped configuration of the
loaded aircraft (8 cans) reaches 1.3-times the stall speed.
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4.5.6 Summary
Air density of 1.15 kg/m3 was considered for all predicted characteristics:

Table 6 Performance prediction summary

Parameter Value Unit
Stall speed cruise 9.9(m/s
Stall speed flapped 9.2(m/s
Cruise speed 13.0| m/s
Max. horizontal speed 26.2(m/s
Max. climb rate 2.1l m/s
Take-off distance (with flaps) 46.1|m

5 Structural design
5.1 Methodology

Manufacturing consistently proves to be a time management and realisation issue, as a
balance has to be struck between advanced methods that have potential to improve
overall performance, and simpler methods, that at a cost of performance are less sensitive
to mistakes and thus are faster and in some cases lighter. Our approach to structural
design reflects this in the chosen hybrid approach.

5.2 Materials
Materials were selected by properties, availability and required technology.

Well-proven wooden structure and moulded composites were combined in our structure.
The more traditional model aircraft methods, such as trusses and D-box + open-rib wing
structure, were used in less stressed areas and where weight or time savings were
paramount. For locally stressed components, composite prefabricates were used.
Moulded composite sandwiches (carbon fibre, glass fibre and Cascell foam in various
weights and layups) and composite shells were utilised to form complex aerodynamic
geometries and fairings. 3D-printed polymers were used extensively, both in aircraft
structure for complex parts and for custom tooling.

5.3 Dimensioning
A flight envelope was determined according to modified UL-2 regulation. The main
modifications are the lowered gust speeds - 8 m/s for cruise and 5 m/s for dive speed.
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Figure 16 Flight envelope

Three design points were further analysed as possibly critical for wing (and V-tail)
loading:

- Dive speed + gust; n = 4.5; zero flaperon deflection
- Dive speed; n = 2.5; 5° flaperon deflection
- Cruise speed; n = 2.5; 15° (maximum) flaperon deflection

The distribution of aerodynamic forces along the wingspan was numerically integrated
to calculate bending moment, shear force and torsional moment distribution. A static load
case was also considered. Examples are shown on graphs below:

80

vB.flaperons

vD flaperons 70

pm— | vD,gust
— static load 60,

50
/
30

20

cL distribution [/]
—_

Bending moment[Nm]

i 10

i -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 ojo
’ -10
Wingspan [m] Wingspan [m]

Figure 17 Lift coefficient distribution (XFLR5) example for vD+gust (left); Bending moment spanwise distribution for 4
possible critical cases (right)
From the graph on the right side, which represents limit loads, a safety factor of 1.5 was
used for wooden structures and 1.87 for composite structures. Materials chosen have
relatively low elastic moduli, so after this initial calculation, wings were evaluated for
bending and basic aeroelastic torsion using properties calculated via Brendt-Batho thin
wall section theory, numerical integration from XFLR5 and stiffened accordingly.

5.4 Wing

The wing is a 3-segment design for ease of transport, which allows for a more varied
structure of the different segments. Originally, the wing was supposed to be fully
composite, but due to unforeseen issues with mould manufacturing and mounting time
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constraints, a mixed construction was chosen. An added benefit of this is weight saved on
the outer wing sections.

The whole wing is a cantilever design with a straight main I beam spar and a torsion
box.

Figure 18 Wing assembly CAD model

5.4.1 Central segment

For the wing central section, a sandwich construction is used. The layup consists of 1 ply
of 25 g/m?2 biaxial carbon fibre, 1mm Cascell foam core and 1 ply of 25 g/m? glass fabric.
Internal structure consists of main spar, which carries all bending moments, and 2 balsa
auxiliary shear webs, one ahead of flap and the second inside of the flap. Six poplar
plywood ribs are strategically placed to maintain the profile geometry: at the root, the
segment joiners and the motor mounts. All electronics and radio equipment will be
placed inside the central segment, so the front part had to be made from glass fibre
instead of carbon to maintain radio transparency. It was chosen to accommodate
batteries inside of the D-box to minimize drag and structural weight.

5.4.2 Wingjoiners
A simple carbon capped and plywood webbed tongue and pocket wing joiners proven
during other competitions are to be used.

5.4.3 Outer segment

The chosen outer wing structure can be characterised as a simple balsa D-box wing with
composite pultrusion strips for spar caps and 3D printed fittings. It was optimised for
easy assembly, enabled by laser cut and marked parts.

23



N CTU AeroLab Air Cargo Challenge 2026

Figure 19 Flaperon manufacturing

5.5 Fuselage
Here, the hybridisation is more complete, as the internal structure is mainly of wood and
the outer shell is moulded from carbon fibre, glass fibre cloth and Cascell foam.

5.5.1 Fuselage structure

The primary former system is constructed from 3 mm poplar plywood. In the central
fuselage, these formers are interconnected by spruce longerons. These longerons serve a
dual purpose: they act as guide rails for inserting the payload containers while
simultaneously functioning partially as load-transferring elements. To optimise the
aircraft's centre of gravity and reduce overall mass, the formers in the aft fuselage section
are fabricated from lightweight balsa plywood. The fuselage also contains a central
“spine” which provides buckling stability to the non-circular cross section as well as
acting like a spar for lengthwise fuselage bending.

Figure 20 Fuselage assembly CAD model with removable nose part

24



R} CTU AeroLab Air Cargo Challenge 2026

5.5.2 Payload integration

The payload, comprising a maximum of ten beverage cans, is accommodated in a twin-
row configuration within the cargo bay. The cans are housed in custom containers
fabricated from 1 mm bent balsa wood, dubbed as “can planters”. These payload modules
are loaded frontally into the fuselage, accessed by removing the nose cone assembly. The
front section is then safely secured using a retention mechanism that consists of a square
carbon-fibre tube combined with dual upper locking tabs. This system in theory allows
fast and secure payload loading without compromising structural stiffness of the fuselage
by large loading cutouts. It also allows for decent CG position control when not fully
loaded, as the payload modules are centred around the aircraft’s CG, and thus the moving
of cans can help reduce ballast mass, if needed.

The resulting containers proved robust for their weight (20 g) during handling tests. This
is a part of our loading/unloading strategy, as they can be inserted into the fuselage pretty
much in one motion.

| .

Figure 21 Payload container CAD model (left) and payload container handling test (right)
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5.6 Tailplane

The tailplane is of fully composite moulded foamcore construction, it was used to push
our composite wing manufacturing skills. It consists of a Cascell-machined core, in which
channels for balsa shear webs and joining tube pockets were milled, which is afterwards
reinforced with carbon tow and closed in a mould with wet laminated 25 g biaxial carbon
fibre cloth.

Figure 22 V-tail CAD model

5.7 Landing gear

To keep weight down and achieve good strength and suspension, a CFRP leaf spring was
chosen for the main gear. It needed to be relatively wide relative to the aircraft height,
which is why we decided to make our own CFRP gear legs. These are manufactured in a
3D printed mould and consist of a sandwich construction of a foam core and carbon fibre
skin.

Figure 23 MLG mold CAD model

The nose gear consists of a CFRP leg with a custom CFRP fork that holds the NG wheel.
The leg is inserted to a gear mount with a M3 screw which is allowed to move up and
down. This, with the combination of a TPU spring gives the NG suspension capabilities.
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Both nose and main gear wheels are 3D printed with an ASA hub and a foamed up TPU
tire with an internal cavity to give it more softness. These wheels are hidden in a 3D
printed wheel pant.

6 Electrical systems design

It is crucial to build a neat electrical system, where all components work in the correct
regime and cable routing is optimised to save weight. All systems are depicted in the
following diagram and later broken down into three subsystems.

WING CENTER El
LEFT WING =l = RIGHT WING

- GPS

ESC 2 ) : {ESC 1
SERVOs ‘ SERVOs
T 1o oor
V. TAIL
SERVOs |

Figure 24 Electrical systems design

6.1 Propulsion system

As the motor type was given, the only components to be chosen for propulsion were the
ESCs and flight battery. Since an avionics battery powering the servos is mandatory, we
aimed for a controller without BEC, which should be as light as possible and handle 30 A
with at least 20% safety margin. Fulfilling these requirements, Skystars Talon 40 A was
chosen.

The main constrain for batteries was their height, as they had to fit into the D-box, and
capacity. Assuming the whole flight under full throttle means 15 A continuous per motor.
The duration of the mission is 2 minutes + 1 minute reserve for landing, which led to the
capacity of 1300 mAh.
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6.2 Flight controller and sensors

Although autonomous flight is not allowed, incorporating a flight controller and various
sensors can help achieve better results. We chose a SpeedyBee Wing mini as the FC with
GPS and airspeed sensor. The use of gyro stabilisation can help us achieve more
consistent flights and assist the pilot in challenging weather. We also use it to monitor
current and ensure that we don’t exceed the 30 A limit. Airspeed telemetry will be used
to inform the pilot and help maintain an optimal flight regime for climb and high-speed
flight and GPS telemetry is used for post-flight analysis.

6.3 Radio equipment and servos

Here a reliable, proven ELRS system running on Radiomaster TX and RX was chosen,
which will also provide Mavlink telemetry broadcasted by WiFi to PC. Array of high
quality KST servos, HV X08 Plus servos are used in the V-tail and flaps, and higher torque
X10 Pro A servos are used for the large flaperons.

7 Manufacturing

All aircraft components as well as custom tooling (moulds and assembly jigs) were
manufactured in-house by team members. One of our design goals was to simplify
manufacturing as much as possible during this stage, so the final aircraft fits together as
a short Kkit, except for the composite parts which are inherently more labour-intensive.

CNC milling and CNC laser cutting as well as 3D printing were used extensively to reduce
physical workload on the team members. This reduced workshop workload at the
expense of additional CAD/CAM preparation time.
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Figure 25 CNC milling (top left); V-tail lay up (top right); V-tail foamcore (bottom left);3D printed fuselage moulds
(bottom right)
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8 Outlook

Despite this year’s challenging schedule and periods of limited team capacity, we are
looking forward to meeting the other teams at ACC once again. We believe the current
design has strong potential and we are optimistic about its performance in competition.

At the moment, our main priority is completing the aircraft in time for sufficient flight
testing while balancing the usual academic responsibilities that come with the end of the
semester. Beyond the competition itself, we see ACC as an opportunity to learn from other
teams, exchange ideas and experience, and celebrate another year of student engineering
together with the wider community.
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10 Drawings

Four drawings are attached to this technical report:

3-view drawing

[sometric drawing
Cargo bay, RC receiver position, position of measuring equipment

Nose landing gear
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