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1.INTRODUCTION

This technical report presents the design of radio-controlled aircraft for Team Alba-
tross participating in Air Cargo Challenge 2026. All relevant information has been gath-
ered in this document to explain the team’s operations and decision-making throughout
the design process.

The project began in September 2025 when the first meeting was organized. Cur-
rently, the team is proceeding with a twin-motor, twin-fuselage RC aircraft design. Test
flights have been conducted for the prototype (Figure 1) in spring 2026 which has pro-
vided important data on the performance and functionality of the current design.

Figure 1. Prototype aircraft at Teisko (EFTS) airfield.

The possibility of participating in the competition for fourth time is great. It will be one
of those things we remember well about our studies. The flight task of ACC26 is enjoya-
ble with freedom to carry out different design strategies for the best performance possible
in the competition. Not all teams will select a twin-motor, twin-fuselage design approach,
so it will be interesting to see other team aircraft in Stuttgart, Germany.

The project strongly emphasizes collaboration among team members. Communi-
cating, making decisions, and solving problems while learning new things will support
our development and future goals. Designing and building a radio-controlled aircraft is a
challenge we greatly enjoy. We thank the organizers (and winners of the last edition),
Akamodell Stuttgart, for making this competition a wonderful experience!

2.PROJECT MANAGEMENT

2.1 Team structure

The team consists of 12 team members who have been working on the project. Due
to the team size limit of seven members defined in the competition rules, competition
spots had to be drawn. Nevertheless, we are working together as a whole team and
ensuring everyone has the possibility to participate in the competition.
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Lauri Wahlstrom — Team leader
Juho Halttunen — Pilot

Onni Simpanen — Aerodynamic design
Veeti Saarinen

Saku Hakkarainen

Eeli Luomala

Eemeli Salo

Joni Kuningas

Kasimir Myllymaa

Ville Hiltunen

Henri Jarlstrom

Lauri Pitkajarvi

2.2 Financial budget

The financial aspect of the project has been strengthened through partner acquisition.
Local companies have been contacted to support the team in return for promotional ac-
tivities, including the production of social media content and increased partner visibility.
Partner logos are displayed on the competition aircraft, team apparel, and the official
website of Euroavia Tampere ry, the student association of aeronautical engineering at
Tampere University.

The estimated project costs at the time of writing are presented in (Table 1) and
should be considered preliminary, as they are subject to change as the project pro-
gresses. The income secured through grants, collaboration deals, and donations is sum-
marized in (

Table 2) and is considered relatively fixed at this stage.

Table 1. Project costs.

Costs Amount Description
(€)
Participation fees 1050 Administrative
Travel cost 4851 Travel
Accommodation 1419,36 Travel
Motors 123 Material
Propellers 20 Material
Electronic speed controllers 291 Material
Batteries 40 Material
All other materials and tools(approx.) 1000 Material
Total 7375
Table 2. Project income.
Income Amount (€) |Description
Faculty 2000 financial support
Support foundation 3500 financial support
Collaboration partners 3450 financial and material support
Private donations 600 financial support
Total 9550
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The financial situation of the project is good at the time of writing this report. The team
has done great work in contacting collaborations and sponsors. The manufacturing of
the final competition plane is still in the works and there will be additional costs. However,
we still have some financial reserve, and it currently seems like the project and the travel
is fully covered by sponsors if everything goes according to plan.

2.3 Project schedule

The team has organized weekly meetings at the Tampere University Mechatronics
Research Group laboratory, located near the Hervanta campus. In September and Oc-
tober, the team concentrated on carrying out initial aerodynamic performance analyses
and point-scoring calculations. In addition, test flights were performed using competition
motors, and ideas were shared among team members. Consequently, the design and
objective of the prototype were defined, and modelling began around November. At the
end of December and around the turn of the year, the team began manufacturing the
prototype.

Alongside the project, team members have been progressing with their bachelor's
and master’s studies while also working full-time or part-time. The schedule has re-
mained flexible to ensure that everyone can participate. Progress has been steady
throughout the project, and the schedule has been updated continuously, as shown in
(Figure 2).

Task / Activity Status October November |December January February | March April May June
2025 2026
Test flights (Viper 500) Completed
Test flights (Caracho F3B) Completed
Math ical model devel, Completed
Analysis of test flight results Completed
h model validati Completed
Design (Prototype) Completed
ing (Prototype) Completed
Test flights (Prototype) In Progress
Design (Competition aircraft) In Progress
Manufacturing (Competition
. In Progress
aircraft)
Test flights (competition aircraft)
Transport box de‘slgn and In Progress
Flight tickets and accommodation
Completed
ar
Team shirt procurement In Progress
Poster prep
PowerPoint presentation
preparation
Preliminary report Completed _
Technical report / drawings In Progress
Certificate of airworthiness (Proof
of flight)
Competition Tue 30.6 - Fri 3.7

Competition
aircraft

Management / partners - Prototype

Figure 2. Project schedule of Team Albatross for ACC2026.

Other |

The team is currently focused on beginning the manufacturing of the competition air-
craft. Test flights are planned for June, with the proof of flight to be delivered during the
same period. There is still a significant amount of work to be completed before the com-
petition. Effective time management, problem solving, and clear communication are re-
quired as the team continues pushing forward to compete successfully in June.
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3. AERODYNAMIC DESIGN

3.1 Competition goals

The goal of the Air Cargo Challenge 2026 is to carry as much standard 0,33 litre
beverage cans as possible with the furthest travelled distance. Deep fundamental under-
standing of the mission is central for beginning the aerodynamic design cycle for this
project. The scoring function for this project is given (for a single flight) as follows:

Sround = Btakeoff *Mpayload * ltziistance ' (1 - Pcurrent) ’ (1)

where Sound is the raw round score, Brakeort iS the take-off bonus, Mpayicad is the mass
of the carried beverage cans, ldistance IS the travelled distance and Pcurent is the current
exceedance penalty coefficient. (Air Cargo Challenge, 2025)

Quick analysis of the scoring function reveals that the round scoring is heavily de-
pendent on the distance travelled, with additional bonus factors. The first bonus factor is
the take-off distance, which is awarded for a takeoff reached in less than 40 meters and
is worth a 115% multiplication to the total score. This means that first and foremost, the
velocity of the competition aircraft must be maximized, while carrying the maximum num-
ber of cans.

Our approach for the aerodynamic modelling was to attempt simulating the competi-
tion with the help of the scoring system and simple aerodynamic estimation. This optimi-
sation was done within MATLAB and Excel numerical simulations. We reached a design
solution where it could be advantageous to carry around 8 cans worth of payload and to
attempt a take-off within the 40 meters. This solution was reached with the use of 2
motors instead of 1. This has the adverse effect of limiting the current per motor to 15
amperes. After prototype testing and CAD-modelling, we did however recognize that our
available manufacturing methods did not allow for the lightest possible airframe which
limits us to a realistic payload of 6 cans. More funding would allow us to buy even more
lightweight carbon fibres which would give the aircraft more payload budget.

Our team also recognises that more time spent with mathematical modelling of the
competition and the following optimization would have improved our design solutions for
the competition. There was not enough time and people in our group to do such exten-
sive modelling. We would have certainly liked to have a strong virtual model of the com-
petition.

After understanding of the mission goals, the limits of the competition must addition-
ally be discovered and understood. The first and largest limitation of the competition is
the transportation box that the aircraft must fit inside of. This limitation is given as:

1500mm = length + width + height (2)

The dimensions given are for the inside dimensions of a rectangular cuboid. Our team
determined that the primary dimension for this competition was the wingspan which
would limit the maximum the wing area. We decided to use a 1-meter-long box with 30
centimetres width and 20 centimetres height. (Air Cargo Challenge, 2025) The 30 centi-
metres dimension is chosen for our root chord dimension. The box height (20 centime-
tres) is lastly enough to stack the wings on top of each other with the fuselages standing
on their sides at the top. A virtual model of the transport box was created which automat-
ically updates with the design changes done and alerts the designers when exceedance
of box bounds is detected.
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Figure 3. Layout planning of the chosen transportation box and aircraft inside
SOLIDWORKS CAD-software.

The second design limit was the take-off distance, which is at maximum 60 meters
with no bonus and 40 meters with the take-off bonus (Air Cargo Challenge, 2025). The
take-off distance determines the amount of time the aircraft has to accelerate down the
runway, which is a function of the payload, thrust and drag. So, the 40-meter take-off
distance chosen for our group also influences the needed wing area through the maxi-
mum velocity the aircraft can accelerate to on the runway. This work was modelled
through analytical functions mathematically, which was done inside MATLAB.
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Figure 4. MATLAB figure with the takeoff distance calculated compared to wing ref-
erence area.

Lastly, there are multiple other lesser limitations which were not as influencing for our
aerodynamic modelling such as the maximum aircraft mass (23kg), the predetermined
propulsion systems and for example the stability margins. The maximum mass of the
aircraft which is 23kg is very difficult to reach within the confines of the transportation
box, eliminating it as a considerable bound for the competition.

The key takeaway for this competition is to minimize the drag during the 2-minute
scoring section which would maximise the velocity and therefore the distance travelled.
This directly competes with the take-off limits as well as the carried payload. Therefore,
our aerodynamic modelling has been battling with the optimization of the take-off perfor-
mance as well as the minimization of drag.

3.2 Concept evaluations

Aerodynamic work for this competition begun with concept comparisons between
many different UAV layouts. Many different layouts were considered, and all of their pros
and cons were discussed within the group. Consideration was given to the propulsion
system, loading and drag implications of the design.
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Ultimately, the group decided to go forwards with a twin fuselage design with a carbon
tube connected A-tail. The benefit of the A-tail was recognised to be the elimination of 1
tail surface and servo, reducing drag and weight whilst simplifying manufacturing. Addi-
tionally, it was seen that the twin fuselage design would have great packing efficiency for
the cans themselves (66 mm diameter) minimizing the empty space that would be
needed inside the fuselage.

Lastly, this chosen layout would have a beneficial load distribution both laterally and
longitudinally, which would help with the structural strength of the aircraft. Other layouts
would in-crease the empty space inside the fuselage significantly as the packing of the
round cans horizontally or vertically would leave empty space between them. A single
fuselage layout with a single line of cans would create a very long fuselage which was
deemed unreasonable to manufacture and store inside the box, requiring joining sur-
faces. The motors would then need to be mounted inside the wings, hurting drag. Also,
the centre wing was seen to be a good location for the measurement box, flaps as well
as the landing gear mounting leaving the outer wings with clean airflow. This rationale
led us to pursue the twin fuselage layout.

3.3 Aerodynamic theory

3.3.1 Lift- and drag generation

Aerodynamic lift is generated by an aerofoil when it passes through air at some ve-
locity. It is natural to think of this air as the observer on the aerofoil itself, modelling the
oncoming air itself as flow. This flow, when meeting the aerofoil, creates a pressure dif-
ference between the top surface and the and the bottom surface of the aerofoil translat-
ing to aerodynamic lift. Additionally, the flow around the aerofoil is directed downwards
in aggregate. This change in momentum also contributes to the aerodynamic lift through
Newton’s 3™ law of motion. Aerodynamic lift can be calculated using the following for-
mula:

1 2
L=0C5pV7s, (3)

where L is generated lift force, C; is the lift coefficient, p is the density of the flow, V' is
the velocity of the flow across the aerofoil and S is the wing reference area. The lift coef-
ficient of the aircraft is usually quite complex and determined experimentally or by simu-
lation. The coefficient itself is also influenced by the angle of attack «, which is the angle
at which the flow meets the aerofoil. (Laine, 2020)

Similarly, aerodynamic drag is the other major load generated by fluid flow across
bodies. Aerodynamic drag can be divided into 2 major sources: parasitic drag and in-
duced drag. Induced drag is the drag component that is proportional to the lift generated.
This component is sometimes called “lift induced drag”. The second component is the
parasitic drag, which can be divided further into interference-, profile-, skin- and pressure
drag. Total drag can be therefore expressed as a coefficient, similar to lift

Cp = Cp, + Cp,, (4)

where C), is total drag, Cp parasitic drag and Cy, lift induced drag. Lift induced drag
can also be written as
CZ
=— (5)

Di ™ nARe’
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where AR is the aspect ratio of the wing and e the Oswald efficiency factor, represent-
ing the wing’s efficiency in generating lift. A perfect Oswald efficiency factor is 1, repre-
sented by a perfectly elliptical wing. This is due to the equal downwash created along
the entire span of the wing. Total drag force can hence be calculated with the following
equation.

1 2
D =Cp5pV?s, (6)

where D is the total drag force acting on the aircraft. (Laine, 2020)

Reynolds number is an important factor when determining the performance of the
chosen aerofoil. Explained quickly the Reynolds number is a dimensionless number that
relates the ratio of the inertial effects of a fluid to the viscous effects of a fluid. The Reyn-
olds number can be calculated with:

PVl

u

For our competition aircraft, we determined the wing chord to be approximately 300
mm long. This would give the aircraft wings a Reynolds number of (for air):

Re

(7

p(9%)(03m)
u

where V,, is the free-stream flow velocity, [ is the respective length of the body and u
is the dynamic viscosity of air. It can be determined that the Reynolds number increases
quickly when the size and velocity of the object increases. (Laine, 2020)

Re = ~ 180000

Determining the absolute minimum velocity required to fly, also called the stall speed,
is done by assuming the lift is perfectly equal to the weight of the aircraft and by setting
the lift coefficient to match the absolute maximum lift the aerofoil can generate.

1
MG = Chpge PV*S (8)
Rearranging the terms yields:
2mg
Vstan = ) )
e CLmaxpS

where Vg, is the stall speed and m the mass of the aircraft. This equation also cal-
culates the simple case of take-off velocity for a fixed angle-of-attack aircraft. (Laine,
2020)

To design an aircraft for the competition that can carry the desired number of cans as
well as take-off in the distance limit we need to find the appropriate wing reference area
S that yields sufficiently high lift during the take-off roll. Thin wing performance can be
roughly approximated by a 2-dimensional plate with an angle towards the oncoming air.
The lift coefficient is then determined to be:

C, = 2na (10)
The achieved take-off roll distance can be estimated by the equations of motion. This

is a simple case of linear acceleration with predicted and measured parameters for take-
off. Thrust is gathered from the competition propeller data table. This can be found with:
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v v 2mg
tall = VYtakeoff = |7~ ¢
sta. arkeo CLmaxpS
F =ma
F
a=—
m
T(U) - D(U) - Froll (U)
a(v) = —
W) = dv
a(v) = vds
ds = ——d
s = ) v
Vtakeoff m ( )
As = j vdv 11
0 T(w) — D() — Frou(v)

where T (v) is the thrust, D(v) is the drag and F,.,;; (v) is the rolling resistance (function
of lift, and rolling resistance coefficient), all as a function of velocity. From this equation,
the approximate take-off velocity which can be achieved is around 35km/h. This means
that by substituting the lift coefficient inside 3.5 with equation 3.6. and placing the angle-
of-attack to 10 degrees (low Reynolds stall estimate), we can calculate:

2mg

) _[amg 12
takeoff CLPSestimate -

Sestimate ~ 1.004m?

A wing of this size, divided into three parts with a chord of 300 mm would have a span
of:
1.004 m?

030 ~ 3.348m

meters. Since the box allows for wings with maximum length of 3 meters at a time,
and assuming the fuselage sections to account for 200mm of wingspan, we are still over
the length limit. Since this is just an estimate, we can increase the lift coefficient by se-
lecting a wing profile that produces more lift than a flat plate initial estimate, reducing the
needed wing surface area. The lift can also be augmented with high lift devices. Since
the lift-coefficient and required wing reference area are inversely proportional to each
other, we can easily determine the required lift-coefficient performance of the aerofoil.
This was deemed to be around:

CLrequired ~ 14

After the rough wing area estimate and lift coefficient has been calculated, the aerofoil
profile can be chosen. The requirements for this aerofoil are firstly, as low drag as pos-
sible and secondly, good low Reynolds behaviour. We chose the aerofoil SD8040, which
had low drag, good lift performance at low Reynolds numbers.
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Figure 5. Aerofoil profile simulation data and comparison inside XFLR5’s XFOIL-di-
rect aerofoil analysis tool. Chosen aerofoil SD8040 is marked with red line with circle
symbols.

3.3.2 Drag management

Drag is managed by minimising all possible components of related to the aircraft as
much as possible. This can be done by shaping the wing layout chordwise and spanwise
in certain directions, changing the layout of the aircraft, choosing different manufacturing
methods and propulsion layouts.

The first step in reducing the drag in a design is to select a very low drag aerofoil for
the main wing. This was done with the help of 2-dimensional analysis in the XFLRS5 soft-
ware’s aerofoil analysis tool. Some aerofoils perform best in different Re number do-
mains, so care needs to be taken when selecting the analysis parameters.

The second step taken was the minimization of the wing surface area as much as
possible when building the main wing. This was possible due to the addition of high lift
devices both on the central wing and by deflecting the ailerons downwards symmetrically
during take-off. These methods allowed to reduce the actual wing area by effectively
increasing the performance of the wing. Wing reference area is linearly proportional to
the drag as seen in equation which as a result makes it a good parameter to minimize.

Figure 6. Competition aircraft lift coefficient performance with 10-degree high-lift de-
vices (red) and no high-lift devices (green). Data from XFLR5-simulation.
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Figure 7. 2-dimensional performance of the chosen aerofoil with flaps at 76% chord
length inside XFOIL-software. Stall point marked with red.

One method which was then applied was the maximization of the wing’s Oswald effi-
ciency factor. This can be done by applying an elliptical chord length distribution for the
outer wingspan. This can be done by the following equation:

2

) =a [1-(2) (13)

This spanwise chord length distribution would give a theoretically perfect elliptical
wing with an Oswald efficiency factor of 1. (Laine, 2020) In our aircraft design however,
this can only be applied to the outermost wings. Finally, the elliptical shape was applied
to the trailing edge of the wing. The leading edge has a sweep angle of 3 degrees to
move the centre of pressure backwards.

Wing Planform

Figure 8. Hybfia-élliptical wing chord distribution calculation in MATLAB and applied
on the outer wing in SOLIDWORKS CAD.

Lastly, the fuselage shape was optimised for aerodynamic drag. We decided to use a
wing aerofoil shape for the lateral plane and a CFD-optimised shape for the longitudinal
plane. The longitudinal optimisation was done for the topmost spline-curve inside the
SOLIDWORKS Flow Simulation environment with the help of a “Design of Experiments
and Optimization” tool. The tool did modifications to the parametrically defined spline and
calculated the optimal shape. The simulations ran were 2-dimensional to aid with calcu-
lation efficiency.
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Figure 9. Fuselage shape optimization inside SOLIDWORKS CAD.

Figure 10. One solution obtained from an optimization cycle.

After some modifications, the final fuselage shape was obtained. Of note is the fact
that the achieved shape was close to an existing shape for a sailplane wing profile. This
increased the confidence in the results.

Airfoil Geometry

Figure 11. Comparison of the achieved fuselage shape (left) and a well-known sail-
plane aerofoil FX 67-K-170/17 (FoilTools, 2026)
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After all of the optimisations were done, a final wing-fuselage solution was achieved.
This solution additionally houses the measurement box required by the competition and
fits within the confines of the transportation box.

Figure 12. Final competition aerodynamic layout. Note the bulge for the measure-
ment box.’

4. STRUCTURAL DESIGN
4.1 Outer wings

The design incorporates two outer wings that are tapered toward the wingtips, with a
taper ratio of 1 is 0,146. The distance from the outer wing root to the tip is one meter.
The leading edge is mildly swept, with a sweep angle A of three degrees, while the trailing
edge curves elliptically toward the tip. The SD8040 airfoil is used for the outer wing.

The outer wings are attached to the fuselages via main and secondary carbon-fiber
spar tubes. The main spar consists of five fixed outer carbon-fiber tubes and two inner
carbon-fiber tubes. Similarly, the secondary spar consists of three fixed outer carbon-fi-
ber tubes and two inner carbon-fiber tubes.

The tubes protrude through corresponding holes in the fuselage. Both outer wings are
equipped with KST X10 Mini Pro A servo motors, located approximately at half-chord
and mid-span, and used for flaperon actuation.

4.2 Center wing

The center wing has a span of 1m and is streamlined into both fuselages. A slight
bulge in the NACA 1215 profile is integrated into the upper surface to accommodate the
automated measuring equipment box and electronics. In addition, the 3S LiPo battery,
radio receiver, and center-wing servo are located near the center-wing midpoint. Cable
pass-through openings are incorporated at the wing-to-fuselage interfaces to enable
routing of electrical wiring.

" A larger NACA1215 aerofoil profile was included for 100 mm of span to fit the measurement
box and electronics.
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4.3 A-Tail

The A-tail is constructed of two sides and has a negative dihedral i.e. anhedral angle
of 30°. The tips of the A-tail incorporate slots for fittings that interface with the cylindrical
carbon-fiber tail-boom connecting tubes. Two holes are provided for bolt and nut fas-
tening.

The center section is reinforced with carbon-fiber bars, which are connected to each
other using two bolts secured with nuts. Servo motors are located near both ends of the
A-tail to allow flexible linkage using metal pushrods.

4.4 Fuselage

The fuselage is a semi-monocoque structure with a carbon-fiber skin supported by
distributed fuselage frames. Frames define the aerodynamic shape, prevent local skin
buckling, and transfer internal loads into the surrounding structure. Spacing and geom-
etry are designed to store four soda cans per fuselage while ensuring uniform load dis-
tribution. The fuselage has a length of about 950mm, and its geometry is based on HQ09
airfoil.

Hatches are integrated into the outer sides of the fuselage to allow easy access for
payload loading. The design incorporates internal frames into each hatch such that,
when the hatch is closed either via a hinged or sliding mechanism, the hatch mounted
frames interface with the internal fuselage frames, completing the frame-and-container
slot configuration. The longitudinal positioning of the frames ensures that each payload
container is securely retained and prevented from contacting adjacent containers.

To comply with the static margin requirement for the zero-payload configuration
(empty-weight center of mass), a fixed compartment accommodating a 300g ballast
mass is located between adjacent frames in the forward fuselage section behind the
engines.

4.5 Landing gear

The main landing gear for the competition aircraft will be a commercially available,
fixed carbon-fiber composite unit mounted under the center wing section in an inverted
U-shape. In addition, the aircraft features a fixed tail landing gear with small auxiliary
wheels to support ground handling and stability.

4.6 Materials

The planned materials for each structural component of the competition aircraft are
summarized in (Error! Reference source not found.). These material selections represent
the current design baseline. However, revisions may be made as the manufacturing pro-
cess progresses, and design solutions are refined.
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Table 3. Competition aircraft planned material composition.

Structural Part Material Material Form / Grade

Outer wing/Center wing main spars Carbon fiber Tube: @14/12mm, 12/10mm
Spa?uter wing/Center wing secondary Carbon fiber Tube: @10/8mm, 8/6mm

Outer wing core XPS Finnfoam 370

Outer wing skin Carbon fiber

Outer wing aileron (flaperon)

Center wing core XPS Finnfoam 370
Center wing skin Carbon fiber

A-tail spar Balsa wood

A-tail core XPS Finnfoam 370
A-tail skin Carbon fiber 0,2 mm

A-tail elevator

A-tail-fuselage tube fastener Carbon fiber ABS

Fuselage rib Balsa wood

Fuselage skin Carbon fiber

Fuselage-tail tube Carbon fiber Tube: @14/12mm
Fuselage-tail tube socket Carbon fiber Tube: @16/14mm
Landing gear Carbon fiber

5.ELECTRICAL SYSTEM

5.1 Optimization of the propulsion system

Team compared the single and dual motor configurations with a current of 30 amperes
using Ecalc online performance calculator. Measurement results showed that the im-
provement in efficiency is based on optimizing the electromechanical efficiency of the
motor at a lower load. With a single motor at 28.2A, the efficiency is 0.0429N/W, but by
dividing the total current between two motors (15A per motor), the efficiency of both mo-
tors increases to 0.0508N/W. This means that the system produces more thrust per watt
used at around the 30A current limit. The total static thrust then increases from 13.4
Newtons to 18.2 Newtons. The two-motor solution thus offers approximately 36% better
static thrust with the same electrical power, even though the mass of the system in-
creases by approximately 350g, which corresponds to an approximately 10% increase
in weight a lower load.
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5.2 Electrical system components

The current design of the competition aircraft includes the following electrical compo-
nents. Component selections may change as the electrical system design progresses
and design solutions are refined.

e Two electric motors: brushless T-Motor AT2814 900 kV

e 3S LiPo battery of nominal voltage 11,1 V and maximum voltage 12,6 V
e Second battery for avionics and servos

o Two electronic speed controllers (Maytech MTSVESCG6)

e Five KST X10 Mini Pro A servos

e Radio transmitter (FrSky Taranis X9D+ 2.4GHz ACCST w/ X8R Combo Digital
Telemetry Radio System)

e Radio receiver
¢ Flight stabilizer (Eagle A3 Super 4 Airplane Gyro Standard Edition)

6. WEIGHT AND BALANCE

Aircraft must be safe to fly, and it must obey pilot’s control inputs without taking too
much focus. The centre of mass is defined as point where all the aircraft's mass is can
be seen to focus on. When no other forces are acting on the body, aircraft will not pivot
to any direction, if held from this point. The centre of mass plays an important role keep-
ing the aircraft stable in the air. It should however not be confused to aircraft’'s geometric
centre, as the aircraft is most likely to consists of multiple different components with their
own respected mass properties. (Laine et. al, 2020)

Stability is defined as an aircraft’s natural tendency to return to a state of equilibrium
after an interference, such as a gust or control input. When the centre of mass, also
known as the centre of gravity, is in front of the point where all the lift can be reduced to,
called a neutral point, aircraft will be naturally stable. And naturally unstable, when the
centre of mass is aft of the neutral point. (Laine et. al, 2020)

However, aircraft can be too stable making it almost impossible to control. As stated
earlier, control input is an interference, what the stability tries to counter. When an aircraft
is too stable, aircraft won’t react at all or will only react inadequately to pilot’s inputs.
Needless to say, that will have catastrophic consequences. Therefore, the centre of
mass plays a crucial part in keeping the aircraft’s safety. (Laine et. al, 2020)

Another crucial aspect of the location of the aircraft’'s centre of mass is that it will have
a great part in aircraft’'s performance. When aircraft is statically stable, will the nose pivot
downwards. To counter this nose-down moment, horizontal stabilizer is used. It produces
a lift force downwards creating an equal, but opposite sign momentum. But as it produces
lift force downwards, more lift force is required from the main wings to keep the aircraft’s
level. As the centre of mass moves forward, more downward lift is needed from the hor-
izontal stabilizer. It is known that every wing has its maximum lift coefficient. As the cen-
tre of mass moves forward, more of the horizontal stabilizer’s lift capacity is directed to
keeping the aircraft in level, which will result to having less room to control the aircraft.
At a certain point, the horizontal stabilizer will be no longer able to control the aircraft.
This point is called a critical point, and being close to this point should be avoided by any
cost. (Laine et. al, 2020)
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A simple way of estimating static stability of an aircraft is by using static margin. It is
the distance between the neutral point and the centre of mass. In many cases, static
margin is expressed in percentages, resulting to a following equation. (Laine et. al, 2020)

X, — X
static margin = LU (14)
c

where x, is the location of the neutral point, x., is the location of the centre of mass,

and ¢ is the mean aerodynamic chord. In aerodynamics, locations are measured from
the leading edge of the wing. (Laine et. al, 2020)

Where static stability tells the initial stability tendency after an interference, dynamic
stability is broader and measured about time. Aircraft designed to be dynamically stable,
will return to the state of equilibrium with weakening oscillations. Dynamically unstable
aircraft will have a growing deviation amplitude. Dynamic stability can be studied theo-
retically by using equations from mechanics. However, the study will result quickly to
highly mathematical and quasi-ill-posed problem.

AM = Myu + Mg Aa + M,Q, (15)

where u is the disturbance speed to direction of stability axis x5, Aa being the disturb-
ance angle and Q the disturbance angular speed about stability axis ys. Here the factors
M,, M, and M, are stability derivatives. To model whole aircraft’s stability, 20 stability

derivatives are required. Some of these can be derived relatively easily. But some of
these can be extremely complicated and may need experimental testing such as wind
tunnels and test flights. One widely used stability derivate is the pitching moment deriv-
ative. (Laine et. al, 2020)

aCy,

Cme = da’

(16)

where C,, is the moment coefficient about the quarter chord, and a being the angle of
attack. By analysing the polar of pitching moment derivate, it can be quickly noted air-
craft’s longitudinal stability. When the slope is negative, is the aircraft longitudinally sta-
ble. As the slope angle becomes steeper, the stability increases. At neutral point, pitching
moment is zero, resulting to horizontal graph. And when centre of mass is aft of neutral
point, is the pitching moment coefficient positive. From the pitching moment coefficient,
the location of the centre of mass can be derived by using known angle of attack values
and known polars for studied wing. (Laine et. al, 2020)

_ Xac — Xcg
Cma - _C(‘:La G (17)
c
Xeg = C".;a — Xacr (18)

a

where C,  is the lift coefficient slope of a wing, and x,. the aerodynamic centre. There

is a subtle difference between the aerodynamic centre and the neutral point. Where the
aerodynamic centre covers only single component such as fuselage or singular wing, the
neutral point covers the whole aircraft. (Laine et. al, 2020) As in this project, the aircraft
is analysed as a singular object, can the neutral point and the aerodynamic centre be
modelled as a same point. The lift coefficient value can either be calculated or extracted
from conducted airflow simulations, or flight tests.
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Stable aircraft will lead to aircraft having lower performance, which will result to having
for example lower maximum payload, lower speeds and higher drag. As induced drag is
directly proportional to lift, will more lift result to higher drag and therefore lower overall
performance. Unstable aircraft will have better flight performance but will be nearly im-
possible to control. (Laine et. al, 2020) Therefore, finding the optimal location of the cen-
tre of mass is a balance between pilot’s skills and aircraft’s performance.

In most aircraft configurations, the centre of mass is not a static point, but rather mov-
ing as fuel is being burned, payload is jettisoned or people in the cabin are moving.
Designers ought to take this into account, since a small shift in the position of the centre
of mass can lead to aircraft becoming unflyable. (Laine et. al, 2020) However, since this
project focuses on electronically powered UAV (Unmanned Aerial Vehicle), the centre of
mass can be seen as a static point for each payload configuration throughout the whole
flight.

6.1.1 Static stability analysis

The rules of Air Cargo Challenge 2026 dictate that every participating aircraft must
have static margin of 5 to 50 percent. However, as the static margin increases, the per-
formance will decrease based on equations 14 and 17 explained in the theory funda-
mentals chapter. Therefore, as a joint decision, static margin goal will be set to 5 to 25
percent, trying to aim for 10 percent to give some room for error and ease on pilot’s
workload.

Below are listed centre of mass positions for each static margin value. The goal of the
static margin is still 5 to 25 percent, but the table the calculations will be ran up to 50
percent margin. For the calculations, mean aerodynamic chord is 276 mm and the loca-
tion of neutral point is 163 mm. Both values are extracted from the simulations conducted
for the current CAD model at XLFR5.

Table 4. Location of the centre of mass based on static margins.

Static Margin [%] Centre of Mass [mm)]
5 149.2
10 135.4
15 121.6
20 107.8
25 94.0
30 80.2
35 66.4
40 52.6
45 38.8
50 25.0

As can be seen from table 4 above, even a slight change in the location of the centre
of mass will result in big change in stability. When planning on loading sequences, it
should be assured that the centre of mass should not be behind ~140mm mark, giving
still around 9mm room for error before aircraft’s static margin exceeds competition limits.

Next, based on XLFRS flow analysis, the pitching moment polar is analysed. Like the
theory in equation 17 and 18 suggests, aircraft will have longitudinal stability if the slope
of the polar is negative. Below are the simulation-based polars with initial simulation val-
ues for empty aircraft’s centre of mass as 135mm and weight 6.5kg.
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Figure 13. Pitching moment coefficient as a function of angle of attack for a full air-
craft based on XLFR5 simulations.

It can be seen from the figure 13 above that the aircraft is longitudinally stable while
fully loaded. Therefore, based on analyses conducted in this chapter, the aircraft should
remain statically stable if loading configurations are planned based on analyses above.
Whole dynamic stability will not be modelled due to the nature of flight's duration and
character. Only initial calculations, simulations and data from the test flight will be used
to determine stability using equation of static margin and pitching moment coefficient
polar.

6.1.2 Dynamic stability analysis

Dynamic stability of the aircraft was explored inside XFLR5-design software with an
accurate approximation for the more complex CAD model. The lateral- and longitudinal
dynamic stability responses were calculated and analysed. Augmenting the virtual dy-
namic stability analysis, prototype testing was done to verify the design.

Figure 14. Lateral dynamic responses of the competition aircraft inside XFLR5 dy-
namic stability analysis.

In general, the simulation results conform to a dynamically stable layout. Longitudinal
pitch stability was first achieved by the center of gravity calculations already explored
inside chapter 2. Dynamic longitudinal stability was also acceptable. The lateral (yaw)
stability was of the most concern. Thankfully the response seems to fade after around 7
seconds of oscillation. Additionally, the use of a flight stabilization system will augment
the stability of the aircraft further.
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Stability of the entire design solution was already experimentally confirmed by flying
the prototype aircraft and analyzing the results. There were some noticed oscillations in
the yaw axis with the prototype test flights. This instability was, however, not threatening
the control of the aircraft. The simulations predict that the yaw stability will be significantly
improved due to a larger tail surface area in the competition aircraft as well as the trailing
landing gear in the actual competition aircraft.

Figure 15. Lateral dynmic stability tests during theprototype aircraft test-flight. Il-
lustration from PX4 flight logger system installed on the prototype aircraft. This
snapshot has a high sideslip angle.

6.2 Weight and balance

The position of components in aircraft will affect directly to the centre of the mass. On
competition, ideally only tool to play with centre of mass should be payload. Therefore,
putting focus first on a position of components, that are not fixed part of the aircraft’s
body, is important. Those components and their respected masses are represented in
the table below. Motors do have a dedicated spot in front of fuselages and therefore are
not considered non-fixed.

Table 5. Non-fixed parts of the aircraft and their masses.

Part Description and Number of Parts Individual Mass [g] |
ESC [2] 35

Battery [1] 258

Automated Measuring Equipment [1] 150

Servo Motor [5] 20

Radio Receiver [1] 16.5

Can [0-8] 350

In modelling these parts in the master assembly, simple blocks with simplified dimen-
sions are used. A unique density for each block is given to match the correct physical
mass. This will not give the physically precise location of each component’s own centre
of mass, consisting of different materials at different locations. The error between true
and modelled component’s centre of mass will only be marginal and therefore, this will
be more than suitable action for the model.
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Finding the location for parts in table 5 is done in order of size. A good compartment
for battery and AME (Automated Measuring Equipment) is at the central wing. Layout
wise, having symmetry from the top plane makes sense, since therefore the centre of
mass can stay close to the longitudinal axis. Having it close to the longitudinal axis less-
ens the need for countering aileron use, resulting in less drag. After finding the suitable
location for these parts, can servo motors be fixed in place.

The aircraft's empty weight is quite near the neutral point and therefore it has been
decided to build an additional compartment for 300g ballasts in the front of the fuselage,
right after engines. This allows centre of mass to move forward ensuring a longitudinal
stability within the static margin limits but also allowing better flight performance on fur-
ther payload configurations after the ballasts are removed. Ballasts are a part of the
aircraft and are designed to be used as tools. This empty aircraft part configuration can
be seen on the figure 16 below.

Servos

Servos.

Radio Receiver

Servo Battery

ESC
Ballasts

Figure 16. Non-fixed parts’ position in the empty aircraft.

As the first can is loaded on the cargo compartment, the right-hand side ballast is
removed from its dedicated spot. For the next flight with one can, only one ballast is
used. For two and more cans, no ballasts are used. On every payload configuration,
besides ones explained earlier, the part layout illustrated on figure 17 will hold.

Servos,

Servos,

Battery

Radio Receiver

Servo Battery

Figure 17. Non-fixed parts’ position in the aircraft with payload.

When the location for each part besides payload has been fixed, can payload loading
sequence be designed. As the empty weight centre of mass of the airplane is on the
lower end of the static margin, it is decided to start loading from the forward compart-
ments. This way centre of mass can be moved forward giving better stability. As the
loading proceeds, sequence differs. Below in the figure 18 the loading sequence is rep-
resented.
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Figure 18. Payload configurations.

The payload sequence starts from the forward-most slot and alternates between the
fuselages. After first can, one of the ballasts is removed. And with two or more cans, no
ballasts are used. By setting the cans in given sequence, the static margins can be kept
low yet safe. The static margins and mass properties of each configuration is represented
on the table 6 below with information about the planned configurations with ballasts. Alt-
hough this configuration sequence could differ at the competition day slightly based on
weather conditions and pilot’s skills.

Table 6. Static margin of each payload configuration.

Number of Cans Total Mass Centre of Mass Static Margin
[a] [mm]
0 (Ballast both) 4550 137 9.4
1 (Ballast left) 4600 139 8.7
2 4650 141 8.0
3 5000 129 12.3
4 5350 133 10.9
5 5700 138 9.1
6 6050 128 12.7
7 6400 126 13.4
8 6750 124 14.1

As movement of the centre of mass can make aircraft impossible to fly, it is crucial to
make sure that cans do not move in the cargo hold during the flight. Also, Air Cargo
Challenge 2026 rules dictate, that “each can must be securely held in position without
touching each other. This will be done with the help of the ribs in the fuselages. The ribs
will separate each can from each other and also lock the cans in place. This mechanism
is illustrated on the figure 19 below.
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Figure 19. Payload storing mechanism.

As can be seen from the tables 4 and 6 the aircraft can as a CAD-design achieve the
required static margins, with still keeping near ideal performance with around 10% static
margin. Next after manufacturing, design is tested once again, but with experimental
measurements using hanging tests and balance tests for each payload configuration.

6.3 Payload prediction

Payload prediction is set to 6 cans.

As with many aeronautical projects, weight creep is always a real danger. This was
the case with this project as well. We did not have sufficient time to evaluate all materials
available beforehand and as always, time was limited within all of our team members.
However, we still have the possibility to install 8 cans if we feel like the conditions allow
such a layout. But to stay on the safe side, 6 cans are what we will be using.

A larger budget would have allowed us to use very lightweight carbon sheets, but this
was deemed way too expensive. Travel costs ate a large proportion of the budget.

7.MANUFACTURING

Most of the prototype manufacturing, configuration, tuning, and minor fabrication
tasks have been carried out at the Tampere University Mechatronics Research Group
laboratory. In addition, the Tampere University Digital Fabrication Lab has been utilized
for 3D printing (Prusa XL), laser cutting (Trotec Q500), and CNC router operations. The
E2-1325 CNC router may be used to manufacture molds from medium-density fibreboard
(MDF), which will later be used for carbon-fiber lamination of the competition aircraft
fuselage components.

Furthermore, team members’ home premises have been used for hot-wire foam-cut-
ting prototyping and workshop-type activities. Finnfoam XPS material has been specifi-
cally used for cutting airfoil profiles for the prototype RC aircraft. The wing cores have
primarily been manufactured using a CNC-controlled DIY hot-wire cutter, while smaller
tasks, such as cutting grooves for aileron hinges, have been performed using manual
cutters.

Vacuum bagging has been employed as the composite lamination method to reinforce
the foam airfoil cores with a carbon-fiber layer. In this process, a carbon-fiber or fiber-
glass layup is sealed inside an airtight bag, and air is evacuated to create uniform pres-
sure over the entire surface.



TUNI Luottamuksellinen - Confidential (3Y)
23

8. OUTLOOK

As the competition week at the end of June approaches, the team’s weekly schedule
needs to be adjusted alongside the conclusion of the spring study semester in Finland.
While several prototype test flights have been successfully conducted without payload,
a few technical and practical aspects still require attention prior to the competition. Final
manufacturing of the competition aircraft, electrical system configurations, completion of
test flights, preparation of transport equipment, and production of required presentation
materials among other things will take place simultaneously with team members’ sum-
mer work commitments and geographical constraints. Manufacturing challenges may still
arise, particularly in fuselage mold machining and carbon-fiber lamination of the outer
wing surfaces, which feature swept and elliptically curved geometries. Successful exe-
cution in these areas also presents an opportunity to gain a competitive advantage
through improved aerodynamic quality and structural performance.

Key performance constraints remain a major focus. Maintaining the electrical current
below the allowable 15 A limit measured between the battery and ESC is essential to
avoid penalty points. In addition, achieving a takeoff distance of less than 40 m is re-
quired to get the bonus factor for takeoff. Furthermore, the competition aircraft should be
manufactured within specified dimensions, as overall dimensions must remain within
12 cm tolerance checked in technical inspection. Achieving a reliable center of mass lo-
cation is important to ensure compliance with static margin requirements. Consequently,
secure and repeatable payload positioning is essential not only for competitive perfor-
mance, but also for maintaining aircraft stability and controllability. Payload handling pro-
cedures, including consistent loading and unloading of the cans is wise to be practiced.
Performing it under the two-minute time limit is required for additional bonus points.

The project has brought several positive outcomes for the current team members.
The team has benefited significantly from multidisciplinary collaboration, bringing to-
gether students from mechanical and electrical engineering backgrounds. Compared to
previous years, the relatively large team size has enabled effective task sharing across
aerodynamic design, modelling, manufacturing, electronics, sponsorship acquisition,
and financial management. Continuous and structured work throughout the project, com-
bined with a positive mindset, has built confidence in the team’s ability to deliver a capa-
ble competition aircraft. Furthermore, participation in an international competition with
teams from 19 different countries provides a valuable opportunity to exchange ideas and
gain insight into diverse engineering approaches. Despite the challenges, the team Al-
batross is on a promising trajectory toward achieving reliable flight performance and
maximizing the total competition score for our current aircraft design.
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9.3 Measurement and loading
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9.4 Free choice — Transport box
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10. PHOTOS FROM ALONG THE WAY...

Figure 21. Prototype flying during a beautiful sunset.

Figure 22. Group photo
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