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1 Introduction

For EUROAVIA Zagreb, Air Cargo Challenge 2026 represents both continuity and a new begin-
ning. The team is primarily made up of second- and third-year students brought together by
a shared interest in aviation, aerospace engineering, and practical project work. Through this
project, the team has had the opportunity to apply the theoretical knowledge acquired during
university courses to a real engineering task. At the same time, the work has required the de-
velopment of practical skills in aircraft design, manufacturing, testing, teamwork, and technical
decision-making. The goal of EUROAVIA Zagreb in Air Cargo Challenge 2026 is not only to
develop a reliable and competitive aircraft that fulfills the mission requirements, but also to
further strengthen the continuity of the association’s competition activities.

2 Project Management

The successful development of the aircraft required not only technical work, but also a clear
project management structure. To achieve this, the work was divided into several main areas,
including conceptual design, aerodynamic analysis, structural design, manufacturing, propulsion,
testing, and documentation. The roles were distributed among the team members according to
their interests, current knowledge, and availability. Regular meetings were used to monitor
progress, define short-term goals, and coordinate the activities of different subgroups. This
made it possible to identify technical and organizational issues early in the process and to adapt
the project plan when necessary. In addition to technical coordination, project management
also included timeline planning, task prioritization, and balancing project work with academic
obligations.

2.1 Team Structure

In order to ensure an efficient development process, the team was divided into several functional
groups according to the main technical and organizational needs of the project.

The internal distribution of responsibilities within the project is illustrated in Figure 1. As
the team consists of a limited number of members, the distribution of responsibilities required
several individuals to contribute across multiple areas of the project. Consequently, some names
are repeated in the organizational structure shown in Figure 1.

Figure 1: Organizational structure of the EUROAVIA Zagreb ACC team.
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The Aircraft Design team was responsible for the geometric definition of the aircraft, prepa-
ration of configuration layouts and development of the digital models used throughout the design
process.

The manufacturing team focused on the practical realization of aircraft components. This
included material preparation, tooling considerations, and the evaluation of manufacturing solu-
tions.

The Stability and Aerodynamics team was responsible for configuration evaluation, aerody-
namic analysis, and the assessment of stability-related characteristics of the aircraft. Their work
formed the analytical basis for comparing concepts, selecting the most promising configuration,
and estimating the expected flight performance.

The Electronics team was responsible for the selection and integration of the main onboard
electrical components, including servos, receivers, batteries, and propulsion-related electronics.

2.2 Timeline and Milestones

A general project timeline was established at the beginning of the development process in order to
organize the work into clearly defined phases and distribute the main activities over the planned
period.

The conceptual design phase included the airfoil proposal, airfoil selection, configuration
proposal, mass budget estimation, and the preparation of a preliminary CAD layout. This was
followed by the design optimization phase, which involved aerodynamic optimization, center of
gravity range evaluation, stability analysis and a design review. After that the project proceeded
to manufacturing and assembly. The final phase consisted of ground testing, flight testing, and
performance validation of the aircraft.

Figure 2: Project development timeline showing the main phases and activities from Q4 2025 to
Q3 2026.
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2.3 Meeting Structure

In addition to general team meetings, smaller discussions were organized when specific technical
issues had to be addressed in more detail. Once a conclusion was reached, the relevant out-
comes were shared with the rest of the team so that all members remained informed. Since
aerodynamic, structural, and propulsion-related decisions were strongly interconnected, regular
communication was essential for efficient progress and for reducing the need for repeated work
caused by uncoordinated assumptions.

2.4 Finances

As a student engineering project, the development of the aircraft was carried out within a limited
financial framework. For this reason, financial planning played an important role throughout
the project. The available budget was based primarily on external sponsorships, which made
it possible to cover the most important project-related expenses while maintaining a realistic
development scope.

The total available budget amounted to e 3700.00. This amount was secured through several
sponsors and supporting partners. The main sources of funding are presented in Table 1.

Table 1: Sources of funding.

Funding source Amount

FACC EUR 1500.00
Nikal EUR 1000.00
KONČAR EUR 1050.00
Ekovent EUR 150.00
Orqa In-kind support

Total budget EUR 3700.00

The available funds were distributed across the main cost categories necessary for the success-
ful realization of the project. As shown in Figure 3, the largest share of the budget was allocated
to competition costs, which accounted for 28% of the total budget. Electronics and propul-
sion represented 25.5%, composite and tooling materials accounted for 20.4%, while structural
materials and consumables made up 26.2% of the total budget. [file:16]

Figure 3: Project budget distribution.
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The financial structure of the project reflects the practical priorities of the team. A sub-
stantial portion of the budget was assigned to structural materials, consumables, electronics,
and propulsion. The remaining allocation to composite and tooling materials ensured that
sufficient resources were available for mold preparation, composite part production, and other
manufacturing-related processes. Overall, the budget distribution demonstrates a balanced ap-
proach between mandatory competition-related expenses and the technical requirements of air-
craft development. Such an allocation was necessary to ensure that the team could both complete
the aircraft and prepare it adequately for competition.

3 Aerodynamic Design

This chapter presents the aerodynamic reasoning behind the selected aircraft concept and the
analyses performed during the design process. The goal of the aerodynamic design was to identify
a configuration capable of fulfilling the mission requirements while remaining compatible with
competition constraints and practical design considerations.
The aerodynamic design process was based on the mission requirements and the dimensional
constraints defined by the competition rules. Particular attention was given to take-off distance,
cruise capability, transport box dimensions, and payload-related performance. These require-
ments strongly influenced the choice of aircraft configuration and the sizing of the main lifting
surfaces.

3.1 Configuration Selection

The main limitation related to aircraft dimensions according to the competition rules [1] is the
total sum of the height, width and depth of the transport box, where all parts of the unmanned
aircraft must fit inside the specified box. The sum of the height a, width b and depth of the box
c must be less than or equal to 1500mm, as in Figure 4.

Figure 4: The transport box dimensions.

For the purposes of configuration selection, the following dimensions were chosen:

a = 820 mm b = 330 mm c = 350 mm. (1)

The dimension a was maximized in order to obtain as large a wingspan as possible (if the
wing were split in half).

With that in mind, the shared given aircraft dimensions are:

• Wingspan - b = 1.8 m,

• Wing taper ratio - λ = 0.75,
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• Fuselage length - l = 1.8 m,

• Fuselage diameter - dt = 0.092 m,

• Tail dimensions - yet undetermined during this stage

3.2 Airfoils

Two analyses were made where each configuration comparison was performed with two different
airfoils. The first airfoil is Gottingen 358, whose shape is shown in Figure 5. It is an airfoil with
high lift for low Reynolds numbers. The airfoil for analysis represents a less "aggressive" option
when it comes to lift.

Name = GOE 358 AIRFOIL
Chord = 100mm  Radius = 0mm  Thickness = 100%  Origin = 0%  Pitch = 0° Powered by TCPDF (www.tcpdf.org)

Figure 5: The Gottingen 358 airfoil.

The second airfoil is Selig S1223, whose shape is shown in Figure 6. It is also an airfoil with
high lift for low Reynolds numbers, where the airfoil for analysis represents a more "aggressive"
option when it comes to lift.

Name = S1223
Chord = 100mm  Radius = 0mm  Thickness = 100%  Origin = 0%  Pitch = 0° Powered by TCPDF (www.tcpdf.org)

Figure 6: The Selig S1223 airfoil.

The reason for selecting high-lift airfoils is the minimization of root chord length, where a
minimal root chord is desirable due to the transport box size limitation.

3.3 Configuration comparison

The main characteristics of the analyzed aircraft configurations are summarized in Table 2, while
their layouts are shown in Figure 7. The comparison includes the propulsion arrangement and
estimated mass of each concept.

Table 2: Comparison of analyzed aircraft configurations

Configuration Motors Propeller(s) Mass [kg]

Twin pull 2 2 × APC 10×5.5 6.00
Pusher 1 1 × APC 13×6.5 5.75
Tandem 2 APC 13×6.5 + APC 10×5.5 6.00
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(a) Twin pull (b) Pusher (c) Tandem

Figure 7: Compared aircraft configurations.

The twin pull configuration uses two tractor-mounted propellers, the pusher configuration
uses a single rear-mounted propeller, and the tandem configuration combines front and rear
propulsion. For the drag analysis, the modeled components differed slightly between the config-
urations due to their propulsion layouts.

3.4 Principle

In the previous chapter, it can be observed that the definition of the wing root chord dimension
c0 was omitted, for the reason that this is precisely the construction dimension that is varied
and optimized for each individual configuration.

The second dimension that is optimized is the wing setting angle iw, which is optimized for
each value of the considered range of root chord lengths for horizontal flight with the maximum
"cruise" speed Vcru.

3.5 Main principle

Due to the fact that the maximum takeoff distance on the runway is 60 m (and takeoff below
40 m brings additional points), the ability of the aircraft to take off within the specified 60 m
or 40 m is the main criterion for selecting the optimal wing root chord length and wing setting
angle.

Before takeoff (t0 = 0 s, x0 = 0 m), the aircraft is at rest (v0 = 0 m
s ). At the beginning

of takeoff, the acceleration of the propeller and the increase in thrust are approximated as
instantaneous, where due to the dependence of thrust and aircraft drag on flight speed, the
initial value of acceleration is maximal (a0(v = 0) = max), and decreases as the aircraft speed
increases.

After the aircraft travels a distance of x1 = 40 m on the runway, it reaches a speed v1 at
which the aircraft begins to increase the angle of attack up to αmax = 8◦, after which, after
covering a maximum of xmax = 60 m on the runway, the aircraft lifts off from the ground. At
the moment of lift-off, it is assumed that the lift force L is equal to the aircraft weight W .

Although the distance x1 is set to the stated value, for design after configuration selection a
different value will likely be used. The speed at the beginning of aircraft rotation v1 is important
because it affects the magnitude of the lift force L, where:

L =

f(c0)︷ ︸︸ ︷
CL@(αmax=8◦)

ρ · v21 ·
f(c0)︷︸︸︷
Sref

2
. (2)
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Figure 8: Takeoff approximation.

Because the root chord c0 changes the value of the wing area, the lift coefficient CL (depends
on the wing aspect ratio) and the reference area Sref are functions of the root chord c0 (Equation
(2)). In order to determine the aircraft speed at moment 1, the dependence of acceleration on
the current flight speed is required for each value of the considered range of root chord lengths.

3.5.1 Acceleration

To determine the dependence of acceleration on the current flight speed, Newton’s second law
(3) was used:

a(v, c0) =
Ftot(v, c0) = T (v)−D(v, c0, iw)

m
, (3)

where the total force on the aircraft in the direction of motion on the runway consists of thrust
T and drag D, which are functions of the velocity. It should be noted that the drag force is also
a function of the root chord and the wing setting angle. As previously stated, the dependence of
thrust on the speed of the incoming airflow to the propeller was obtained by linear interpolation
of points within the propeller characteristic "map" for constant power by multiplying the voltage
and the current.

The total drag force of the aircraft is calculated using equation (4):

D(v, c0, iw) =

f(v,c0,iw)︷ ︸︸ ︷
CD, tot

ρ · v21 ·
f(c0)︷︸︸︷
Sref

2
, (4)

where the total drag coefficient CD, tot consists of the fuselage drag coefficient CD, f , wing
CD, w, booms CD, b, tail surfaces CD, ts and electric motors CD, em:

CD, tot(v, c0, iw) = CD, f (v) + CD, w(v, c0, iw) + CD, b(v) + CD, ts(v) + CD, em(v). (5)

The wing drag coefficient is further divided into the skin friction drag coefficient CD, w, f

and the airfoil induced drag coefficient CD, w, Ia which are obtained using the XFLR software
package, and the induced drag due to airflow over the wingtip CD, w, Ipr which is obtained using
the Prandtl method :
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CD, w(v, c0, iw) =

XFLR︷ ︸︸ ︷
CD, wf (v, c0) + CD, wIa(v, iw)+

Prandtl︷ ︸︸ ︷
CD, wIpr(v, c0, iw) . (6)

Since the optimal setting angle for each root chord also depends on the root chord, the
aircraft drag can be obtained as a function of flight speed and root chord. By calculating the
stated values for a range of speeds and root chords, along with determining the optimal setting
angle for each root chord length in the range, a matrix is obtained with the dependence of drag
force on flight speed and root chord.

The total force on the aircraft as a function of flight speed for 4 different root chord values
is shown in Figure 9. The acceleration as a function of flight speed is obtained by dividing the
total force by the aircraft mass as in equation (3).

V	[m/s]
0 5 10 15 20 25 30 35 40 45

F t
ot
	[N
]

-120

-100

-80

-60

-40

-20

0

20

40
Total	force	on	the	aircraft	as	a	function	of	flight	speed

c0=0.1	m
c0=0.333	m
c0=666	m
c0=1	m

Figure 9: Total force on the aircraft as a function of flight speed for different root chord values.

3.5.2 Distance traveled and achieved speed

The traveled distance and achieved speed after 40 m of acceleration on the runway are calculated
iteratively and repeated for each value of the considered range of root chords, where the aircraft
(as in Figure 8) has zero position and speed at the beginning. For this reason, from Figure 9 it
can be concluded that the acceleration is greatest at the beginning. After the initial moment,
using incremental equations:

v(t+∆t) = v(t) + a(v(t)) ·∆t;

x(t+∆t) = x(t) + v(t+∆t) ·∆t+
a(v(t+∆t)) ·∆t2

2
;

(7)

the change in speed and displacement of the aircraft on the runway as a function of time is
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calculated iteratively, which is shown in Figure 10.

t	[s]
0 1 2 3 4 5 6 7 8 9 10

x i
	[m
]

0

20

40

60

80

100

120
Displacement	and	speed	of	the	aircraft	on	the	runway	as	a	function	of	time	(c0=1	m)

x(t)
x1=40	m
x2=60	m
t1=5.0	s
t2=6.4	s

t	[s]
0 1 2 3 4 5 6 7 8 9 10

V i
	[m
/s
]

0

10

20

30

40

50
V(t)
Linear
V1=13.2	m/s
V2=14.5	m/s

Figure 10: Change of displacement and speed of the aircraft on the runway as a function of time
for c0 = 1 m.

If the acceleration were constant and independent of flight speed, the dependence of speed on
time would be linear (as the dashed line in Figure 10). To obtain the speed after 40 m, the time
when displacement x equals 40 m (green dashed lines) is found, using which the aircraft speed
at that moment is determined. The stated analysis is repeated for a series of root chord values,
after which the obtained speeds after 40 m are compared with the speeds required for takeoff at
an angle of attack α = 8◦ for the same set of root chords, as in Figure 11.

c0	[m]
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

V	
[m

/s
]

10

15

20

25
Dependence	of	velocity	after	40	m	and	required	takeoff	speed	on	root	chord	length

Velocity	at	40	m
Velocity	at	60	m
Required	takeoff	speed	with	CL,max 	@	,=8°
After	40	m:	c0=0.320	m
After	60	m:	c0=0.210	m

Figure 11: Dependence of achieved speed after 40 m and required takeoff speed on root chord
length.
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The speed required for takeoff at an angle of attack α = 8◦ is calculated using formula (8):

Vtakeoff(c0) =

√
2 ·m · g

CL(α = 8 deg, c0) · ρ · Sref (c0)
. (8)

At the point where the curves of achieved speed after 40 m and required takeoff speed at
α = 8◦ intersect lies the optimal wing root chord length (green dotted line).

3.6 Optimal setting angle and cruise speed

For the optimal setting angle for horizontal flight and cruise speed, a force balance is used, which
consists of two equations.

3.6.1 Force balance

In horizontal flight, the sum of all forces acting on the aircraft must be equal to zero, where in
the horizontal direction the thrust force T must be equal to the aircraft drag force D, while in
the vertical direction the lift force L must be equal to the aircraft weight W , where:

T = D;

L = W.
(9)

Figure 12: Display of forces on the aircraft during horizontal flight.

Figure 12 shows the mentioned forces acting on the aircraft during horizontal flight, while
Figure 13 shows the relationship between thrust and aircraft drag forces as a function of flight
speed, where the intersection of these two curves (green diamond) is precisely the point of
horizontal flight.

When equations (9) are expanded:

T (v) = CD, tot(v, c0, iw) · Sref(c0) · v2 ·
ρ

2
;

m · g = CL(c0, iw) · Sref(c0) · v2 ·
ρ

2
.

(10)

Both equations depend on speed v, root chord c0, and wing setting angle iw. Since the
optimal setting angle and cruise speed are unique for each root chord length, the root chord
was fixed to a chosen value from the considered range, reducing the problem to a single pair of
unknowns. This procedure was repeated for each root chord value.

Because some parameters in the equations are tabulated matrix values that depend on speed
and wing setting angle, the problem could not be solved directly as a system of equations without
approximation. Therefore, an iterative method was used.
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Figure 13: Display of the relationship between thrust and aircraft drag forces as a function of
flight speed.

3.7 Results

After analyzing each combination of configuration, airfoil, and takeoff current, the ratio of cruise
speed to root chord length for the 30 A takeoff condition is shown in Figure 14, while the
corresponding comparison for the 60 A condition is shown in Figure 15.

From the figures, the pusher configuration generally achieves the highest cruise speed. This
is attributed to its lower mass and reduced drag, since it uses one less motor and has no motor
exposed to the incoming airflow. The tandem configuration performs well overall and is close
to the pusher in cruise speed, likely because the reduced propeller efficiency penalty is offset by
the lower thrust per propeller. The twin-pull configuration is generally the least efficient, mainly
due to higher wing-mounted motor drag and the use of smaller, less efficient propellers.

3.8 Empennage design

After extensive analysis of wing dimensions in relation to speed, weight, drag, and takeoff roll,
the empennage geometry was determined to match the selected wing and fuselage dimensions.
As shown in Figures 7 (a), 7 (b), and 7 (c), all proposed configurations shared an inverted V-tail.
Although less common in general aviation, V-tails are widely used in UAVs because they keep
the tail surfaces out of the propeller slipstream.

The main drawback of this layout is reduced controllability, since pitch and yaw are coupled
by the angled tail surfaces. To reduce this effect, the two servos on the inverted V-tail can be
linked so their movement is synchronous, making the tail behave like an elevator and canceling
lateral moments. Tail sizing was based on the effective tail volume coefficients Vh,eff and Vv,eff ;
after substituting the geometric values from Table 3 into Equations (11) and (12), the values
obtained were 0.73 and 0.34, respectively.
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Figure 14: Graphical comparison of cruise speeds and root chord lengths for the compared
configurations with takeoff at a current of 30A.
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Figure 15: Graphical comparison of cruise speeds and root chord lengths for the compared
configurations with takeoff at a current of 60A.

Table 3: Tail Design Parameters and Coefficients

Coefficient/Parameter Meaning Value

ct Tail root chord [m] 0.2
Γ Tail Dihedral [°] 105
bh_eff Effective horizontal tail span [m] 0.425
bv_eff Effective vertical tail span [m] 0.163
lboom Boom length [m] 0.65
lt tail moment arm [m] 0.767
SW wing platform area [m2] 0.394
Sh_eff Effective horizontal tail surface [m2] 0.075
Sv_eff Effective vertical tail surface [m2] 0.029
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Vh_eff =
lt · Shteff

ct · SW
=

0.767 · 0.074
0.2 · 0.394

= 0.725 (11)

Vv_eff =
lt · Svteff

bvteff · SW
=

0.767 · 0.029
0.163 · 0.394

= 0.341 (12)

Obtained results correlate with typical values for tail volume coefficients, meaning that carrying
on to calculating longitudinal static stability is possible.

3.9 Longitudinal Static Stability

Longitudinal static stability is a fundamental requirement for safe and predictable flight behav-
ior. This chapter presents the determination of the aircraft’s neutral point (NP) and center of
gravity (CG), the calculation of the static margin (SM), and the validation of results through
aerodynamic analysis in XFLR5.

3.9.1 Static Margin – Definition and Objective

The static margin is defined as the distance between the neutral point and the center of gravity,
expressed as a percentage of the mean aerodynamic chord (MAC):

SM =
xNP − xCG

MAC
× 100% (13)

A positive static margin (CG ahead of NP) ensures longitudinal static stability. When the
aircraft is disturbed from its equilibrium angle of attack, a restoring pitching moment returns it
to the trimmed condition. For unmanned cargo aircraft of this size and configuration, a static
margin of 5–10% MAC is generally recommended.

3.9.2 Aircraft Geometry and Aerodynamic Characteristics

The key geometric and aerodynamic parameters used in the stability analysis are summarized in
Table 4.

Table 4: Geometric and aerodynamic characteristics

Parameter Symbol Value

Wingspan b 1.800 m
Root chord cr 0.250 m
Taper ratio λ 0.75
Wing area S 0.394 m2

Mean aerodynamic chord MAC 0.234 m
Wing aspect ratio ARw 8.23
Wing leading edge (from nose) xLE_root 0.540 m
Wing aerodynamic center (from nose) xACw 0.599 m
Tail airfoil chord ctail 0.180 m
Effective horizontal tail area Sht_eff 0.075 m2

V-tail included angle Vangle 105°
Tail boom length lboom 0.650 m
Tail aerodynamic center (from nose) xAC_tail 1.357 m
Wing lift curve slope (Helmbold) CLαw 4.80 rad−1
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3.9.3 Center of Gravity Determination

The center of gravity was computed from the detailed mass breakdown of all aircraft compo-
nents obtained from the SolidWorks CAD model. The individual component masses and their
longitudinal positions are listed in Table down bellow.

Table 5: Mass breakdown and CG calculation

Component Mass (kg) x-position (m) Moment (kg·m)

Centroplan (fuselage + torsion box) 1.207 0.489 0.590
Left wing panel 0.176 0.489 0.086
Right wing panel 0.176 0.489 0.086
Left flaperon 0.138 0.589 0.081
Right flaperon 0.138 0.589 0.081
Tail surface 1 (with boom) 0.078 0.969 0.076
Tail surface 2 (with boom) 0.078 0.969 0.076
Tail cone 0.103 0.708 0.073
Left wing servo 0.030 0.495 0.015
Right wing servo 0.030 0.494 0.015
Tail servo 1 0.030 1.235 0.037
Tail servo 2 0.030 1.235 0.037
RX receiver 0.029 0.607 0.018
Measurement equipment 0.150 0.545 0.082
ESC 0.030 0.700 0.021
RC battery 0.025 0.449 0.011
Main battery 1 0.180 0.527 0.095
Main battery 2 0.180 0.527 0.095
Payload (6 blood bags + holder) 2.274 0.419 0.953
Motor 0.108 0.777 0.084
Propeller 0.030 0.804 0.024
Motor mount 0.005 0.757 0.004
Nose landing gear 0.174 0.128 0.022
Main landing gear 0.439 0.671 0.295

TOTAL 5.920 3.616

The center of gravity, including the landing gear and the full payload of six soda cans, is
located at xCG = 0.563 m (563 mm) from the nose of the fuselage. Relative to the wing leading
edge, the CG is 23 mm aft of the leading edge, corresponding to 9.8% MAC.

3.9.4 Analytical Calculation of the Neutral Point

The neutral point was first estimated analytically using the weighted average of the wing and
tail aerodynamic centers:

xNP =
CLαw · xACw + CLαt,eff · xACt

CLαw + CLαt,eff
(14)

The wing lift curve slope was calculated using the Helmbold equation to account for the
aspect ratio and Oswald efficiency factor:

CLαw =
Clα

1 + Clα
π·AR·e

= 4.80 rad−1 (15)

Where the following parameters were used:
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• Clα = 6.30 rad−1 (Airfoil lift curve slope)

• AR = 8.23 (Wing aspect ratio)

• e = 0.8 (Oswald efficiency factor)

The final value used in the stability analysis is CLαw = 4.80 rad−1.
The analytical neutral point was calculated to be at xNP,analytical = 766 mm from the nose.

With this value, the analytical static margin would be 86.8%. However, this result does not
account for the significant aerodynamic influence of the fuselage, which typically shifts the neutral
point forward.

3.9.5 Numerical Analysis in XFLR5

To obtain a more accurate assessment, a detailed aerodynamic analysis was performed in XFLR5
[4] using the Vortex Lattice Method (VLM). The neutral point was numerically determined to
be:

xNP,XFLR5 = 600 mm from the nose (25.6% MAC).

The significant forward shift of the neutral point (766 mm → 600 mm) is attributed to
the destabilizing aerodynamic influence of the relatively large fuselage and the pusher propeller
configuration.

Figure 16: Pitching moment coefficient Cm vs. angle of attack α

The slope of the curve is Cmα = −0.888 rad−1. The negative slope confirms longitudinal
static stability. The static margin derived from the XFLR5 analysis is 18.3%.

3.9.6 Summary and Conclusions

The XFLR5 [4] analysis provides the most accurate assessment of the aircraft’s stability charac-
teristics, as it accounts for the full 3D geometry including fuselage effects. The resulting static
margin of 15.8% MAC is within the recommended range for this class of aircraft, providing a
favorable balance between stability and controllability.



EUROAVIA Zagreb 16

Table 6: Stability Analysis Summary

Method xNP (mm) xCG (mm) SM (%) Stability

Analytical (Helmbold) 766 563 +86.8% Very stable
Numerical (XFLR5) 600 563 +15.8% Stable and optimal

For every other configuration ranging from zero to five cans, a constructional resolution in
a form of two different payload carriage configurations was chosen. Since the can dividers are
designed to be freely longitudinally movable, on the fly reconfiguration of the carriage is possible.
For an even number of cans a 6 can layout will be used, while for an odd number of cans a 5 can
configuration will be used.

Figure 17: Payload configurations and their respective CGs

This solution was chosen for it’s simplicity and the ability to contain the same longitudinal static
stability with each configuration, significantly helping the pilot by minimizing stability variation
throughout configurations and for reducing the number of calculations from 7 to only one unique
case. The result is longitudinally statically stable aircraft in all of possible configurations. No
additional ballast is required for achieving satisfactory stability. The center of gravity, located
at 563 mm from the nose (23 mm aft of the wing leading edge, 9.8% MAC), ensures that the
aircraft will exhibit stable and predictable flight behavior throughout the competition mission
profile

3.10 Winglet Design and Selection

Winglet design was one of the final steps in optimizing the aerodynamic package, with the goal
of improving the aircraft’s lift-to-drag ratio. Three main configurations were considered.

The first, the W100 series, was a horizontal wing extension intended to increase effective
wingspan and reduce induced drag. Several iterations were tested in Ansys Fluent [6] by varying
taper ratio, leading and trailing edge sweep, and front-view taper ratio. The best result, W120,
was selected for further consideration.
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The second, the W200 series, was a blended winglet. NACA 0006, 0009, and 0012 airfoils were
first tested, with NACA 0012 chosen as the best compromise between aerodynamic performance
and manufacturability. The cant angle was then optimized, followed by toe and twist angles.
Toe-out gave better results, and the final geometry used a 3-degree toe-out at the base with
0.5 degrees of twist. The winglet height was then optimized using structural analysis, with 130
mm found to be the best value. This final version, W212, was the most balanced, but also the
heaviest and most complex to manufacture. The third, the W300 series, was a simple endplate
designed to address the complexity and weight of W212. It aimed to limit flow mixing at the
wing tip and reduce induced drag. After several height iterations, the best design, W304, was
compared with W120 and W212.

(a) Configuration W120 (b) Configuration W212 (c) Configuration W304

Figure 18: Final winglet configurations considered in the selection process

Table 7 shows the aerodynamic comparison of the final configurations and the baseline case.

Table 7: Comparison of final winglet configurations

Configuration Lift Drag L/D Change in Lift % compared to base Change in Drag % compared to base Change in L/D % compared to base

Base 49.3476 3.16669 15.5833 – – –
W120 54.0592 3.14401 17.1943 8.7156 -0.7214 9.3694
W212 52.4374 3.09471 16.9442 5.8924 -2.3259 8.0315
W304 51.4539 3.08276 16.6909 4.0936 -2.7226 6.6355

Finally it was time to decide which configuration will be used. CFD analysis of the entire aircraft
showed that we are drag limited which made selection process pretty simple. W120 produced
most lift, W212 is the best medium ground and W304 reduced the most drag, therefore, the
later was selected. Final mention is that it was decided by our team that W212 will be tested
after the competition for research purposes. Final mention is that W304 is still being optimized
and depending on the conditions on the field, it will be mounted with 1 degree toe-out angle
following the results we got from W200 series.

3.11 Payload prediction

3.11.1 The main principle

The main principle for payload prediction is determining what is the wing’s residual carrying
capacity (after subtracting the empty mass of the aircraft) at different flight heights, which is
mostly affected by the difference in air density ρ.

Since the aircraft’s coefficient of lift CL is determined in the previous chapter, we can use it’s
definition in equation (16):

CL =
2L

ρV 2Sref
, (16)
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to determine the total lift force of the aircraft using equation (17):

L =
1

2
CLρV

2Sref. (17)

With the assumption of equal flight speed, the only variable in the equation is the air density
ρ (since the reference surface Sref does not change with altitude).

The aircraft’s total mass carrying capbility can be obtained by dividing the equation (17) by
the gravitational acceleration g:

mtot(h) =

f(h)︷︸︸︷
ρ ·

const.︷ ︸︸ ︷
CLV

2Sref

2g
, (18)

where it can be observed that it is also only a function of the air density (and conversely the
flight height).

Since the total mass of the aircraft consists of the aircraft’s empty mass me and the payload
mass mp:

mtot =

=3.7 kg︷︸︸︷
me +

?︷︸︸︷
mp , (19)

the payload mass can be determined using the equation (20):

mp(ρ) =
CLV

2Sref

2g
· ρ−me . (20)

3.11.2 Air density

The air density is calculated using the standardized atmosphere model, where air temperature at
sea level is set to 14◦C (288.15 K), and the temperature decreases with height using the function
in equation (21):

T (h) = 288.15− 0.0065 · h, [K] (21)

while the air pressure is calculated using the equation (22):

p(h) = 101325× (1− 0.00002256 · h)5.256. [Pa] (22)

The air density is then calculated by combining the value from equations (21) and (22) into
equation (23).

ρ(h) = 0.003484 · p
T
.
[

kg
m3

]
(23)

3.11.3 The result

After inserting values from the previous chapters, and calculating the payload mass for the
heights ranging from 0 to 200 m, the resulting graph corelating payload mass and air density
can be seen in the figure 19.

The function of the payload mass is equal to:
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Figure 19: The graph of payload mass with relation to the air density.

mp(ρ) = 4.577ρ− 3.7. [kg] (24)

4 Structural Design

This section is concerned with the structural design of the aircraft. The primary objective of this
project is to serve as a technical revitalization for EUROAVIA Zagreb, acting as a high-fidelity
testing ground for advanced manufacturing techniques and a baseline for future iterations. Con-
sequently, the design philosophy emphasizes structural simplicity, the integration of Commercial
Off-The-Shelf (COTS) components, and robust, pragmatic engineering solutions.

4.1 General design overview

The airframe was engineered in such a way as to fulfill the competition’s requirements, withstand
the applied stress without yielding, and to be economically viable for a small-scale student team.
To optimize the strength-to-weight ratio, extensive use of composite materials, specifically Car-
bon Fiber Reinforced Polymer (CFRP), Glass Fiber Reinforced Polymer (GFRP), and sandwich
core structures were required.

During the preliminary design phase, two distinct wing architectures were evaluated:
• Variant A: Utilized a multi-spar configuration relying on COTS components and extensive

Additive Manufacturing (AM).
• Variant B: Utilized a traditional semi-monocoque approach featuring a custom in-house

sandwich structure and a single composite spar, reducing reliance on AM for primary load-
bearing members.

4.2 Wing Structure

The wing was comprised of 3 elements, two outboard segments, and a central section integrated
with the fuselage. This design choice resulted from the dimensional constraints of the transport
box. Both the outboard segments and the central segment share the same internal structure.
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4.2.1 Design Evolution: Variant A vs. Variant B

Variant A relied on COTS carbon fiber tubes as wing spars, as this was a cheap and robust
solution to create a well-structured wing. Although this configuration allowed good mechanical
properties, the use of CFRP tubes resulted in a significant mass penalty. To achieve desired
properties, a large quantity of tubes was required, this not only increased mass but also inherently
created a more complex wing and reduced valuable internal space. Consequently, this design was
deprecated in favor of Variant B.
Variant B followed a conventional wing design philosophy that utilized a single spar made from
CFRP and balsa wrapped in a GFRP sleeve. This transition allowed for a simpler internal
layout, weight reduction and increased resistance to bending. The spar is designed as a modified
I beam, consisting of 2 pultruded unidirectional (UD) carbon fiber strips placed as spar caps
with balsa acting as the spar web. The GFRP sleeve provides torsional reinforcement and serves
as a bonding interface for the skin-to-spar adhesive joint.

Figure 20: Variant A Figure 21: Variant B

4.2.2 Structural Sizing and Load Analysis

To determine the dimensions of the spar, we first need to define the loads that the structure
needs to withstand. For simplification, let us assume a load scenario of a static test or a three-
point bending scenario. This method was chosen as we only need to check the critical beam
cross-section to determine the required dimensions. While there are more accurate methods
of performing those calculations, this method was chosen as it provides a less favorable load
condition. A safety factor of 3 (S=3) was utilized. Additionally, we need to consider the following
limitations: the thickness of the airfoil and the available CFRP strips. Due to the limited selection
of CFRP strips and predetermined dimensions of the airfoil, we settled on the 6x4mm strips for
the spar.

Q = mapprox · g · S = 176.58N (25)

M =
1

4
Qb = 79.461Nm (26)

Due to the presence of two different phases in the wing spar, only the CFRP will be considered
as a load-bearing member as its properties surpass those of balsa. Area moment of inertia for
the selected cross-section:

I =
ah3

12
− a(h− 2t)3

12
= 6031.48mm4 (27)
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Figure 22: critical beam cross-section

Normal stresses in the beam:

σ =
M · h

2

I
=

Mh

2I
= 173.24MPa < σyield (28)

These results confirm that the spar will be sufficiently resistant to bending. Analytical results
confirm that the spar maintains structural integrity under the prescribed loads, a conclusion
further validated via Finite Element Analysis (FEA).

Figure 23: critical beam cross-section FEM results - simulated without a safety factor using
Ansys 2025R2 STUDENT [7]

4.2.3 Composite Skin and Internal Volume

The aerodynamic skin was structured as a carbon-foam-glass sandwich. This configuration was
chosen as it provided the required stiffness and torsion resistance needed, as well as having mass
properties that were desirable. The outer ply consists of a biaxial carbon lamina, while the
inner ply utilizes a plain-weave glass fiber to enhance secondary bonding characteristics with
the internal substructure. This configuration allowed us to maximize the internal volume of the
central part of the wing, allowing us to place all the necessary electronics and control systems
inside of the wing. This allows us to maximally utilize the internal volume of the fuselage to
carry cargo.
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4.3 Fuselage Structure and cargo integration

The fuselage was designed for maximum volumetric efficiency. It consists of a high-modulus
CFRP cylindrical monocoque with an inner diameter of 90mm. By relocating the avionics to the
wing center section, the fuselage’s internal volume is dedicated entirely to the mission payload.
While CFRP bears excellent properties, its thin-walled structure is prone to local buckling,
especially when concentrated stresses are present at landing gear attachment points. As a result,
a multifunctional internal structure was developed. Traditional frames and stringers were deemed
inefficient due to mass and assembly constraints. Instead, the cargo retention system and the
structural reinforcement system were integrated into a single modular unit. The whole assembly
fits snugly inside of the fuselage, removing the risk of any cargo becoming loose during flight

The integrated cargo-fuselage structure serves four primary functions: 1. Provides global
circumferential rigidity to the CFRP shell 2. Acts as the primary load path between the landing
gear assembly and the wing-spar interface 3. Provides secure housing for the standardized
payload (330ml cans) 4. Facilitates rapid ingress/egress of cargo during competition cycles

4.4 Empennage and Booms

The tail surfaces and their supporting structure were designed to provide adequate stability and
control while remaining lightweight. The empennage will be made by laser cutting the structure
from balsa wood which will be wrapped in thin plastic foil to achieve the wanted aerodynamic
shape. The stabilizers will then be permanently attached onto carbon fiber tubes. This process
was chosen for maximum weight reduction. Additionally, the control surfaces will have the ability
to swivel 180 degrees so as to fit inside of the transportation box.

4.5 Manufacturing Considerations

4.5.1 Wings

The aircraft components will be manufactured using different methods. The wings will be pro-
duced by hand layup in an open polyurethane mold, chosen for its ease of machining and re-
usability. Polyurethane blocks will be bonded to size, CNC milled to the required geometry,
and then hand finished and impregnated to prepare the mold surface. A biaxial carbon fiber
layer will first be laid into the mold and impregnated with epoxy resin, followed by placement
of a foam core and an outer layer of glass fiber, also impregnated with epoxy. Foam will be
omitted in regions where ribs and spars will be installed to ensure effective load transfer. The
assembly will then be vacuum bagged, and a vacuum pump will be used to remove excess resin
and minimize weight. After curing, the ribs and spar will be bonded into the lower mold section.
The mold halves will then be bolted together, bonding the upper and lower wing skins using an
epoxy–cotton fiber adhesive for a strong, lightweight joint. Once fully cured, the wing segment
will be removed from the mold and trimmed to final shape.

4.5.2 Fuselage

The fuselage skin was made by hand layup of carbon fiber wave. The internal structure was
manufactured by 3D-printing frames which were reinforced by carbon fiber tubes as stringers.
The mounting points for the wings and landing gear were printed using composite materials to
ensure adequate strength and mass. The nose and cone housing the engine were also 3D printed
from plastic like the frames.
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4.5.3 Landing gear

The main landing gear was envisioned as a simple structure composed of COTS CFRP tubes
and components produced via additive manufacturing. This approach allowed for the creation
of multiple prototypes to test the mechanical properties of the attachment point, which serves
as the interface transmitting loads from the wheels to the fuselage. Through iterative trial-and-
error and stress testing of multiple designs, an optimal ratio between size and infill density was
achieved. As an additional safety measure, a thin steel wire connects both wheels to distribute
loads during an asymmetrical landing, where impact forces might otherwise be concentrated on
a single strut. Finally, a thin elastomer situated between the fuselage and the attachment point
serves a dual purpose: increasing the friction coefficient between the surfaces and dampening
vibrations transmitted to the fuselage.

Figure 24: Failure of the landing gear interface Figure 25: Size comparison between early and
improved versions

5 Electronics

5.1 Propulsion Battery

Initial parameters are based on the Air Cargo Challenge (ACC) Participation Handbook, which
constrains the battery pack to a 3S configuration (11.1V nominal voltage) and a maximum
capacity of 100 Wh. To avoid penalties, the maximum current draw is limited to 30 A, which
was used as the average design value for battery selection.

Lithium Polymer (Li-Po) chemistry was chosen due to its high energy density, high C-rating,
and market accessibility. The required battery capacity was calculated using the formula:

C = I · t · SF (29)

where I is taken as 30 A, t is the combined flight time, and SF is the safety margin. The
flight time includes a 60 s climb and a 120 s distance segment. With a safety margin of 1.73, the
total estimated flight time is 5.2 minutes, resulting in an optimal capacity of 2600 mAh.

Due to space and mass distribution constraints, a 3S2P configuration was implemented using
two smaller 3S packs connected in parallel. This setup is represented in Figure 26 as two brown
blocks, one on each side of the official ACC measuring equipment.
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Figure 26: Propulsion battery placement

The following batteries were considered:

Table 8: Candidate propulsion batteries

Name Pack Nominal Voltage [V] Capacity [mAh] C-rating Dimensions [mm]

Specna Arms 3S 11.1 1300 20C 120x18x15
NUPROL 3S 11.1 1450 30C 129x20x18
WELLPOWER 3S 11.1 1450 20C 115x22x17

Specna Arms 1300mAh was selected for its small form factor. In a 3S2P configuration, the
total capacity of 2600 mAh and a 20C rating provides a maximum continuous discharge of 52 A,
which safely exceeds the 40 A requirement often found in high-load scenarios.

5.2 ESC

To comply with the 30 A current limit and avoid penalties, a FrSky Neuron II 60A ESC was
selected due to its integrated current-limiting features. Its design allows for an exposed heatsink
mounting, which is highlighted in blue in Figure 27, ensuring adequate heat dissipation during
flight.

Figure 27: ESC heatsink mounting

5.3 Radio Control System

5.3.1 Servomotors

Servomotors were selected based on required torque, form factor (width), and operating voltage.
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Table 9: Servo comparison

Model Torque [kg/cm] Voltage Range [V] Gear Material Dimensions[mm] Mass[g]

MG995 9.4–11 4.8–6.6 Metal 40x42x20 55
SG-1211MG 9–13 6.0–8.4 Metal 30x36x10 30
SV-1260MG 8–15 6.0–8.4 Metal 35x15x32 40

The Savox SG-1211MG was chosen primarily for its slim 10 mm width. As the system does
not use a BEC, the servos are powered directly via the receiver from a 2S Li-Po battery. The
high-voltage (HV) characteristic of the SG-1211MG is essential, as it must handle 8.4V when
the battery is fully charged.

5.3.2 Receiver and Transmitter

The FrSky Archer SR12+ was selected for its high channel count and native compatibility with
the Neuron II ESC and the TWIN X14 transmitter.

5.3.3 Radio Control (RC) Battery

A dedicated 2S Li-Po battery was chosen for the RC system. A capacity of 1300 mAh was
determined to be sufficient based on previous experience. At a theoretical maximum receiver
load of 20 A, it provides 234 s of continuous discharge. In practice, the combined stall current
of all four flight control servos is 16.8 A, remaining safely below the 20 A limit.

5.4 Propeller Selection

Given the imposed motor and current limits, the available power was calculated as:

P = Unominal · Ilimit (30)

With U = 11.1 V and I = 30 A, the resulting power is 333 W. Two propellers were evaluated:
APC 13x6.5 and APC 15x8. To determine the optimal choice, the theoretical dynamic RPM
was calculated by adapting the power absorption formula:

P = Cp · ρ · n3 ·D5 → P = k ·D4 · Pitch · RPM3 (31)

where k is an empirical power absorption coefficient. This coefficient is a function of the advance
ratio (J), the power coefficient (Cp), air density (ρ), and propeller blade geometry. Optimal
intersection point between theoretical dynamic RPM and RPM profile in relation to airspeed
curve was graphed, as shown in Figures 28 and 29 for APC 13x6.5 and 15x8 respectively. Fig-
ure 29 shows that no intersection exists, and the reason for that is believed to be lack of available
power to the propeller. On the other hand, Figure 28 shows that for propeller type APC 13x6.5,
there is a clear intersection at 8540 revolutions per minute, which returns theoretical velocity of
around 20.01 m/s. Consequently, the APC 13x6.5 propeller was selected as the optimal choice.
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Figure 28: APC 13x6.5, RPM in relation to airspeed curve

Figure 29: APC 15x8, RPM in relation to airspeed curve

6 Outlook

Although the current report presents the selected aircraft concept and the analyses performed so
far, several important tasks still remain before the aircraft can be considered fully completed. In
the manufacturing phase, the main priority is the final production and assembly of all primary
structural elements, including the wings, fuselage, empennage, boom system, and landing gear.
The wing molds still need to be finalized and used for full composite layup, curing, and trimming,
followed by the installation of ribs, spar, and the final bonding of the wing skins. The fuselage
structure also requires completion of the final printed and composite parts, together with a
full fit check of all internal components. In addition, the empennage and boom assembly still
require final fabrication and integration, as well as verification of the control surface movement
and transport-box folding capability. The landing gear concept must also be completed and
validated through further prototype testing to ensure sufficient strength, reliability, and impact
resistance.

Another important remaining step is the full integration of onboard electronics. This includes
the installation of the propulsion system, ESC, batteries, receiver, servos, and all auxiliary equip-
ment, followed by mass distribution checks and verification of accessibility for maintenance.
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Future work will therefore focus on closing the remaining manufacturing tasks, reducing un-
certainties in the current assumptions, and confirming the performance of the aircraft in real
operating conditions. In this sense, the present report should be understood as a foundation for
the final integration, testing, and refinement stages of the project.
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