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1. Introduction

This report details, as of the 15t of May 2026, the design, manufacturing and testing progress of
V-SIX, an aircraft built by Team NOVA, representing the National Science and Technology University
“POLITEHNICA” Bucharest, towards competing at the Air Cargo Challenge 2026 Competition to be
held in Stuttgart, Germany.

NOVA Student Lab for UAV/UAS is a project developed within the CAMPUS research institute at
Politehnica Bucharest, under the SAS (Smart and Autonomous Systems) Laboratory in collaboration
with EUROAVIA Bucharest, the local branch of EUROAVIA (European Association for Aerospace
Students).

The NOVA team concept was founded in 2025, and its existence embodies the efforts and
members of prior Romanian model aircraft/UAV design teams (AEROATLAS, AIM) that successfully
participated in the past at Air Cargo Challenge 2024 and AIAA Design/Build/Fly 2025. NOVA exists as
a means to unite students that are passionate about UAV/UAS design under a common goal and
enables the opportunity to participate in challenging academic endeavors as well as enable practical
knowledge application.

While experience is still limited, not benefiting from a long history in participation at such
competitions, Team NOVA strives to achieve performance and excellence in UAV design. In a very
short timespan, with extremely limited team-owned resources, NOVA has managed to acquire
valuable know-how in optimized UAV design and manufacturing methods.

Through industrial partnerships, predominantly a mentorship relation with Autonomous Flight
Technologies, NOVA has access to workshops and CNC-milling machines, being allowed to operate
independently but under company supervision.

Based on the previously provided context, having established a capable knowledge core and
searching for the next challenge, the team undertook participating at Air Cargo Challenge 2026. For
this goal V-SIX was developed, an aerodynamically optimized radio-controlled UAV capable of safe
and reliable transport of payload cans as per regulations.

Manufacturing of V-SIX focuses on lightweight composites molding, hand lay-up and vacuum
bagging, CNC milling of internal structures, laser cutting and 3D printing.

V-SIX represents NOVA's efforts to maximize potential competition score while respecting the
strict power limitations of the model aircraft established by the competition. The development of V-
SIX strives to adhere to and improve upon well-known aerospace standards and methods for UAV
design thus establishing a medium in which innovation can take place.

The following pages contain a detailed description of the design and manufacturing processes for
V-SIX, team strategy and optimization efforts. The report includes calculations and testing that NOVA
has conducted by the point of Technical Report submission, and details of work that is yet to be
completed.

2. Project management
2.1. Team structure

Overall, NOVA represents 25 students divided into two divisions, the multicopter drone division
and the fixed-wing division, currently developing V-SIX, the model aircraft meant to participate in Air
Cargo Challenge 2026.
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Team structure is presented in Figure 1 and illustrates the use of specialized departments with
dedicated leads as well as dependencies and hierarchy inside the team structure. The fixed-wing
division leader serves as the Project Manager and is responsible for overall project integration, key
technical decisions, team administration, including planning general meetings, scheduling and
acquiring funds for participation. The project manager receives suggestions and feedback from the
team’s university and industrial advisors.
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Figure 1. Team Organization Chart

e Aerodynamics department: is responsible for preliminary aircraft sizing and aerodynamic
analysis for performance based on score analysis.

e Design department makes use of modeling software to size and create aircraft
components as well as integrate necessary electronics.

e Structures department: ensures the integrity of the aircraft through structure validation
and changes.

o Electronics and propulsion department is responsible for electronic component
integration, establishing the propulsion system capabilities and available power as well as
set-up and configure telemetry.

NOVA holds regular meetings for crucial decision-making. Large technical decisions are
discussed, and team members are encouraged to suggest different ideas and concepts. This
approach encourages constant feedback between members and faster communication between
department tasks. The versatility of members can also accommodate for the tasks that cannot be
included under any of the departments such as tasks related to testing and manufacturing.

2.1.1. Time allocation

Efficient project management is critical for the project’'s completion, and the Project Manager
takes responsibility for organizing tasks, tracking progress and ensuring deadlines and milestones
are met. The team makes use of a structured Gantt chart, illustrated in Figure 2. The chart serves as
the team’s roadmap, breaking the project into key phases such as design, manufacturing, testing and
team management. Project management challenges have been present throughout all phases of the
project. Efforts were made to secure better funding and tooling materials from sponsors. This, in turn,
led to delays and schedule offsets from initial plans. Due to these constraints, the team prioritizes the
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manufacturing of competition-ready aircraft leaving little room for flight prototypes and preliminary
testing. Design refinements rely on simulations and component-level testing. By optimizing workflows
and adapting to the allocated resources, the team is currently accelerating manufacturing as materials
have become available.

August September October November December January February April May June July
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Figure 2. NOVA ACC 25-26 Gantt Chart

2.1.2. Budget

NOVA's network of sponsors is limited, and budget is further constrained by the availability of
university funds as well as help from EUROAVIA Bucharest. Fortunately, the team managed to secure
funding for materials and electronic components through a trusted partnership with SIEMENS Industry
Software Brasov. Another generous sponsorship in the form of Epoxy Tooling Boards and composite
resin from Contras Solutions enabled the team to increase the mold quality. Autonomous Flight
Technologies, the main industrial partner of NOVA, generously provides free access to their
workshops and machinery as well as other materials and supplies, therefore helping the team by
greatly reducing budget expenses. Travel budget for the 7 students officially participating in Air Cargo
Challenge 2026 is provided by Politehnica Bucharest. The team is making efforts to cover the budget
for remaining students attending as observers through other sponsorships. Costs are summarized in

Table 1.
Table 1. NOVA ACC 25-26 Budget

ACC 25-26 Budget Estimated Value (EUR)
Materials
Carbon fiber € 750.00
Resin £ 150.00
Rohacell € 330.00
Tooling Boards € 3,900.00
Various consumables £ 150.00
Electronics

Propulsion (Motor, prop, ESC) € 450.00
Avionics (RF, Reciever, Radio modules) € 270.00
Batteries € 150.00
Servos € 500.00

Total - Electronics 1,370.00
Logi

8 n
0
(/]

Participation fee € 1,050.00
Participation costs (7 students) € 4,000.00
Visitor/Observer attendance costs £ 4,000.00
Airplane Transport crate 3 400.00
e 5.45000
ACC 26 Total € 16,100.00
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3. Preliminary design

3.1. Mission Requirements

Table 2. Mission requirements breakdown

The requirements for this year’s
flight mission, scoring equations, and
guidelines were examined and translated
into basic problem statements, further Sover coneamotion o o
breaking down key design parameters for [EEREERS .o ioadingand unloading | Cargo Bay and Loading Tool design
eaCh SpeCiﬁC miSSion, as iIIustrated in Payload prediction Reliable mass estimation Payload Weight
Table 2.

Problem statement Relevant Parameters

Payload Weight, CL,.,

Covered projected distance Power, Drag, Flight Trajectory
Take-off bonus Thrust, Weight, Cppax

Carried payload mass

Flight mission

3.2. Transportation box limits

The first geometrical limitations for the V-SIX model aircraft can be obtained by considering
the rules regarding the transportation box. Denoting as L, W, H and V the length, width, height and
respectively, the volume of the box, using the AM-GM Inequality results in:

1 1
571500mm 2 Z(L+W+H) 2 VLW H =V > V < 0125 m* (1)

Equality holds for L=W=H, which is impractical when considering the large differences
between the dimensions of the aircraft's components. For this reason, a correction factor f = 0.8 is
considered, which also accounts for the reduction of the space of the box due to the layers of foam
used to protect the components. Thus, the maximum volume of the box is V., = 0.8+ 0.125 = 0.1 m3.

Next, the volume of each component of the aircraft is estimated by varying wingspan and
aspect ratio and by using simplified relations between the aerodynamic surfaces dimensions (for
example, the tail volume coefficients [1]), as well as team prior experience. Simplifying assumptions,
such as considering each component as a cuboid or truncated cone shape and a maximum airfoil
thickness of 10% chord are also made to ease up the process.

The resulting volumes are added together and compared to V.4, as shown below:

Total box volume occupied by wing, empennages and tailboom
b[mJ/AR 243 4 45 5 55 6 6.5 7 7.5 8

1.6 6% 5%
1.7 8% 6%
1.8 9% 7%
1.9 1% | 8%
2 13% | 10%
21 15% | 1%
22 17% | 13%
2.3 19% | 15%
24 22% | 17%
25 25% | 20%
2.6 28% | 22%
27 32% | 25%
2.8 35% | 28%
2.9 39% | 31%
3 44% | 34%
3.1 49% | 38%
3.2 54% | 42%
Sk 59% | 46%
3.4 65% | 51%
58 71% | 56%
3.6 78% | 61%

Figure 3. Occupied box volume as a dependency of wing geometry

6
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300 mm

A space allocation example and the geometrical limits imposed on the aircraft design are
shown below. Note that the given values are only used as input for the sizing of the model.

E\ewot\‘\c5 B2l

Empennage 2
Empennage 1

e Wingspan < 3600 mm
e WingAR>7
e Wing chord < 400 mm

Figure 4. Box design example forb =3 m, AR =7

3.3. Propulsion

Wing3
Wing 2
Wing 1

e Empennage span < 800 mm
e Empennage chord < 400 mm
e Payload < 5.25 kg (15 cans)
e MTOW < 10kg

e Tailarm length < 1000 mm

Compared to ACC24, the selected AT2814 900KV motor for this year’s competition has around
half the maximum power output. The team determined that selecting the optimum propulsion package
for V-SIX is crucial for this year’s competition as aerodynamic design and payload is largely affected
by available power.

Team NOVA did not have the necessary resources to undertake extensive wind tunnel testing and
therefore decided upon using the Propulsion Test Handbook that was provided by Akamodell Stuttgart
[2], coupled with various simulations ran using e-Calc [3], an online tool for propulsion system
performance estimations. The schematic propulsion design methodology is illustrated in Figure 5.

Propulsion Test Handbook

©

=1
)
o
2
S
]
b=y
1]
2
=
=

2 Motor
15A Limit

Static thrust force analysis

Battery constraints

Propeller shortlist

Thrust force variation with airspeed

1 Motor
30A Limit

CAM-Z 12x8 Battery selection

CAM-Z 14x8

Static thrust force analysis

Thrust force variation with airspeed

Figure 5. Propulsion Design Methodology
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Figure 6. Thrust vs Airspeed
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Propeller efficiency
Taking into consideration speed and ~-CAMZ126- 154
——CAMZ 12x8 - 30A
aerodynamic efficiency as one of the biggest =~ —cwrzise i

——CAMZ 14x8 - 30A

factors, configuration selection weighed in
propellers that would offer performance and thrust
throughout the given airspeed test range (0-36m/s)
while keeping current consumption under the set
limit. Configuration efficiency is calculated using .,
the following equation that compares mechanical

power output to electrical power input. L e "

Propeller efficiency [%]

Figure 8. Test Handbook Propeller Efficiency

_ Pout _ Thrust- Airspeed

" P, Voltage - Current (2)
With the given considerations, the team decided upon using Aeronaut Cam-Z Folding
propellers, further exploring 12'x8’ and 14’x8’ configurations with a single motor, 30A limit.

Initial battery estimations led to the selection of a gens-ace 3S 5000mAh 60C Lithium-Polymer
battery, chosen for its reliability and compliance with regulatory requirements. Battery capacity was
refined down to 2200mAh after initial RealFlight [4] testing, greatly reducing battery weight.

Battery energy = Voltage - Capacity = 11.1 V-5 Ah = 55.5Wh < 100 Wh (3)

Further propulsion refinements were made using e-Calc as it incorporates estimates on battery
dynamics, motor specifications, manufacturer propeller data and aircraft geometry. The use of e-Calc
validated the given tunnel data and provided rough overall powertrain and flight envelope estimation
that was vital in subsequent aerodynamic design.

The simulation inputs were grounded in the team’s Table 3. e-Calc inputs for refinement
prior competition experience, utilizing a 2700 mm wingspan . .
2 . . . e-Calc Aircraft inputs
and 91 dm? wing surface to balance lift requirements with O T s e ]
structural weight. Based on previous report data for [VESSTERSNEREY

optimized competition models, a conservative drag [BIEERSEIIHEL
coefficient of 0.03 was assumed to ensure realistic power REFLIIE)
margin estimations.

Table 4. e-Calc configuration comparison results

Propulsion Characteristics - 30A limit
Propeller Max Electrical power [W] Max Mechanical power [W] Efficiency [%] Est. Speed [km/h] Static thrust [N]

Cam Z 12x8 KPS 230.1 70.8 80 17.2

Cam Z 14x8 [EEL) 213.954 63.3 77 17.2

e-Calc results indicate that both configurations obtain similar performance given the 30A
current limit. Overall, the 12x8 configuration is chosen because of it’s higher efficiency.

8
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AVESC6 EDU programmable ESC was selected to ensure
that the current draw from the propulsion battery pack remains
strictly below the 30A limit. Despite the VESC'’s integrated current
sensing capabilities, the team developed a custom in-house
current sensor, illustrated in Figure 9 to validate and precisely
calibrate the controller, further eliminating the risk of potential
penalties.

Propulsion sizing results indicate the first strict effect on
payload generated by the power limitations given through the
regulations. Various weight configurations were ran using e-Calc
and analyzed aircraft with an MTOW larger than 5 kg did not have
sufficient T/W for satisfactory estimated competition performance,
therefore setting a new MTOW upper bound at 5 kg.

Figure 9. Current Sensor 3D view

3.4. Configuration selection

The final aircraft configuration was selected using a Figure of Merit (FOM) approach. Each
configuration was evaluated against weighted criteria using the following scoring scale:

(1) — Fully compliant (0) — Partially compliant (-1) — Non-compliant

A monoplane configuration was selected as it offers the best overall trade-off between structural
weight, flight performance, and ease of manufacturing.

Wing placement was evaluated based on payload accessibility and internal volume utilization.
Analysis confirmed that a low-wing configuration optimizes fuselage space for the payload and
simplifies loading logistics. Furthermore, this placement enhances airframe manufacturability and
improves aircraft maneuverability compared to mid or high-wing alternatives.

Tail selection prioritized weight reduction and stability, as these factors directly impact payload
capacity and flight performance. A V-tail configuration was selected as the optimal trade-off between
aerodynamic efficiency and structural simplicity. By reducing total wetted area, the V-tail minimizes
interference drag and structural mass. Additionally, this configuration streamlines the manufacturing
process, requiring only a single reusable mold.

Evaluated Cargo Bay configurations are shown in Table 5. Orientation was primarily dictated by
loading tool compatibility and aerodynamic impact. While vertical placement increased frontal area
and fuselage drag, a longitudinal horizontal orientation was selected for its superior integration. This
layout ensures rapid loading and manufacturing simplicity without compromising the aircraft’s
aerodynamic profile, directly supporting higher performance in timed cargo bay loading.

Table 5. Final conceptual design

Evaluated configurations
Vertical Horizontal

Figure of merit Weight

Loading
Manufacture
Occupied volume

TOTAL

Figure 10 presents the final conceptual configuration of the V-SIX aircraft. It consists of a
single-engine monoplane with a low-wing configuration, a V-tail and a taildragger landing gear
arrangement. Figure 11 illustrates the optimal placement of the cans within the aircraft’s cargo bay.

9
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Figure 10. Aircraft Preliminary Design

Figure 11. Payload layout

4. Aerodynamic Design
4.1. Mission model

A mission model was created to estimate the aircraft's preliminary performance and score. The
mission was divided into four distinct phases: take-off, climb, turns, and straight-line flight. Throughout
all these phases, the simplified drag model was used (from [1]), with a CDo of 0.036 taken as a first
estimation based on documented data for different aircrafts and team’s prior experience. In the same
manner, the CL,,.x coefficient is estimated at 1.3. To evaluate the turning flight performance, an
operational loading factor of 3 is used, according to the recommendations of the ACC26 regulations.

While these assumptions provide a helpful benchmark for expected performance, it is important
to note that the resulting flight time calculations are approximations. In a real-world scenario, the
aircraft is subject to more complex phenomenon.

411. Take-off Performance

Since the take-off distance is a critical parameter for the overall score, achieving a ground roll
of 40 m or less is essential to secure the bonus factor. In calculating this distance, it was assumed
that thrust varies with airspeed according to the following relationship:

T =Ty, —proV (4)

The coefficient pro represents the slope of thrust variation extracted from wind-tunnel data
(Figure 6). To estimate the distance required for the aircraft to transition from a standstill to lift-off
speed, the following ground run distance equation was employed [5]:

L L S (5)

distaceiakeofr = ﬁln A_BV2
To

The take-off velocity Vi is defined as 1.2 times the stall speed V- The coefficients A and
B, used to determine the ground run distance, are calculated using the following formulas [5]:

A=g<%—u) B :VEVBpS (CDg_“CLg)-l_a] ©

The coefficients incorporate the influence of ground effect. To minimize the take-off distance, it is

necessary to maximize coefficient A while minimizing coefficient B. This objective requires obtaining
a theoretical best lift coefficient, as the drag coefficient is directly dependent on it.

g (7)

10
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K, is an in-ground effect induced drag parameter, which depends on the correction factor ¢,
the wingspan b, the aircraft height h (estimated based on the team's previous aeromodels), and the
Oswald efficiency factor e, as follows:

h 2
1 (16-5)

oo O R s T ©
b

4.1.2. Climb Performances

For the climb phase, the objective was to reach an altitude as close as possible to the regulatory
maximum. Maximizing this altitude provides greater potential for acceleration and higher velocities.
To determine the achievable altitude, the vertical speed was calculated based on the margin between
the power available and the power required at take-off, as shown below:

_ inengine - lDrequired _ T]pPengine - Dvairspeed

W W W (9)

Engine power was derived from the propulsion analysis, while the power required represents the
minimum power necessary to overcome aerodynamic drag. Accordingly, the power required was
calculated as a function of the drag force, assuming an airspeed equal to the aircraft's take-off velocity.

4.1.3. Turn Performances

To maximize flight distance, the aircraft must remain in straight-line flight for as long as possible.
Consequently, turns must be executed rapidly to maximize time spent in those straight-line segments.
To achieve this, the minimum turn radius was calculated under the assumption that the lift coefficient
CLmax is maintained near a maximum value of 1.3 and the operational load factor n is 3.

w n
O-SPSCLmaxg n?—1 (10)

radlusmin _turn —

It is also critical to estimate the duration of the turn. To achieve this, the turn rate and the
maneuvering speed of the aircraft were determined, as shown in equations below, respectively:

0.5pSCy .. [n2—1
tUM e = 8 J VA \] - (11)
v _ n-w
turn — OSpSCL (12)

max

Finally, the distance covered by the aircraft during the turning maneuver was calculated as follows:
distancey,ry = radiusmin turn * T (13)

4.1.4.  Straight-line Flight Performances

For the estimation of the distance covered during the straight-line segments, each section was
assumed to be 500 m in length. By determining the time required for a single loop, the total number

11
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q
d

of loops achievable within the competition's time limit was calculated. The total distance per loop was
then established as the sum of the turning distance and the straight-line distance, multiplied by two:

distancegection ~ distanceiyr,

timeyoop = (14)
Vcrusing Vturn
timeﬂight 15
NOjoops = 5 —— (15)
timejqop
distanceqignhy = 2 * NOjgops(distanceyyy + distancegection) (16)

4.2. Airfoil selection

Given the limited motor power specified in this year's regulations, maximizing the L/D ratio is
critical for aerodynamic efficiency. Airfoil geometries for Discus Launched Gliders (DLG) are known
for their excellent L/D characteristics; given the team's previous experience with the SYNERGY?2
airfoil [6] (Figure 12), it was selected as a primary option. To adapt the geometry for a larger scale
and improve structural stiffness, the thickness was increased to 10%. This modification preserved
superior L/D while ensuring the manufacturability and integrity required for larger model aircraft.

Aside from the SYNERGY?2 airfoil, PSU94-097 (Figure 13) was also evaluated. Although the
PSU94-097 (pink line) was originally designed for winglets, its CI/Cd characteristics are superior to
those of the SYNERGY?2 (blue line), as shown in Figure 14 and Figure 15.

: .
] ] §
Figure 12. SYNERGY?2 - 10% Figure 13. PSU094-097
ClU/Cdvs Alpha . Clvs Alpha
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Re0.467-N9.0
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Alpha[] - Alpha[]

Figure 14. SYNERGY2 vs PSU — CI/Cd graph Figure 15. SYNERGY?2 vs PSU — Cl graph

The blending of these two airfoils was considered to optimize spanwise stall characteristics and
maintain lateral control during low-speed flight. Since the PSU94-097 airfoil stalls at a lower angle of
attack than the SYNERGY?2, the team is considering a loft to ensure the wing root reaches critical
alpha first. By utilizing the PSU94-097 at the root and transitioning to the SYNERGY?2 at the tips, the
design achieves a natural aerodynamic washout. This configuration forces the stall to initiate inboard,
preserving airflow over the outboard surfaces to maintain aileron effectiveness and prevent tip-stall
induced spins.
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4.3. Constraint analysis

To determine the optimal wing surface area based on the available thrust, a constraint analysis
was performed. This method served as a trade-off study between several critical flight requirements:
a take-off distance of 40 m, turning capabilities with a load factor of 3, and a rate of climb optimized
to achieve the maximum possible altitude within the allotted time. Additionally, the analysis considered
cruise performance (defined as the maximum speed at which the aircraft meets all requirements) and
stall conditions. The equations used for the constraint analysis are:

P Cpo m\2 W P q K W (17)
Take — offf —=V-q-|[—= K(—) C— Cruise: — = V(55 Cpg + —*—=)
ake —off: g7 =V-a- |5y s T K3 s] W 43S
. P Vy q K W P Cpho m2 W (18)
Climb:— =V (—+—Cpg + —"— Turn: — = V- q - K(—) w
w (V w DO q S) urnW q [W/S+ p 5

The constraint analysis defined the required wing area ranges for a given maximum takeoff weight
to satisfy all performance targets. These bounds were integrated into a MATLAB [7] script that iterated
through various payload capacities (number of cans), aspect ratios (AR) and wingspans (b) to
calculate potential mission scores. CL and CD were assumed constant; the simulation identified the
optimal configurations as those carrying 5 or 6 cans. Both top-performing designs achieved peak
scores at a cruise velocity of 23 m/s over a total mission distance of 2.8 km. To maximize the total
score, a 6 cans configuration with 4.6kg MTOW was initially selected.

Notably, the 5 cans configuration offers a larger margin for error regarding the aircraft's estimated
weight. This flexibility proved advantageous, as initial scoring estimations showed similar performance
levels between the two setups. Ultimately, when the aeromodel was tested in RealFlight8, the
additional "room for error" provided by the 5 cans configuration turned out to be important.

Constraint Analysis Constraint Analysis
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Figure 16. Constraint Analysis for 6 cans Figure 17. Constraint Analysis for 5 cans

4.4. Aircraft sizing
44.1. Wing sizing

After obtaining the 6 cans configuration and a design cruise speed of 23 m/s, the aspect ratio
(AR) and wingspan (b) were calculated. To refine the aerodynamic analysis, a Python script was
developed to automatically generate various rectangular wing geometries within OpenVSP [8]. This
allowed for the calculation of unique CL and CD coefficients for each specific wing iteration, rather
than relying on constant assumptions. Furthermore, the total drag and lift calculations integrated the
aerodynamic contribution of the fuselage.
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To calculate the total drag coefficient CD,¢ for the combined fuselage and wing, the following
assumptions were made: the fuselage is modeled as a cylinder with a length of 1.4 m and a radius of
0.15 m. The formulas to estimate the coefficient of drag for the wing and fuselage are the relations
below [9]:

CDyr = (Cdmin)af + (Cdi)af (19)
S So
(Cdmin)af = 3 (Cdp)o + Cd, + Cd, - Ky 3 (20)
S¢ CL?,
(Cdi)ar = 3 (Cdi)g+ —5—(1+8)
S (21)
1+

Where S; is the fuselage surface, S is the wing surface, S, is the surfaces of the wing that is in
the fuselage, & is a parameter that is dependent on the geometry of the wing, k; is a coefficient that
is taking into consideration the interference between the fuselage and wing; its value was estimated
to be 0.6 based on established literature [9]. To calculate (Cdy),, (Cd;)f the fuselage was analyzed
alone in OpenVSP.

With the refined drag and lift coefficients, the mission performance was re-evaluated for every
iteration of aspect ratio (AR) and wingspan (b). The final dimensions for the wing were chosen using
a score analysis which took into consideration: the manufacturing of the wing (as a 3m long wing
would be difficult to produce), the ratio between the lift coefficient and the drag coefficient, and the

calculated score. Results for the optimum configuration are summarized below.
Table 6. OpenVSP Wing Sizing Results

Wingspan [mm] Aspect Ratio Cl/Cd
2500 12 24.955

4.4.2. Taper ratio and elliptical wing

Continuing with the wing definition, the team conducted several analyses to ensure that the most
suitable planform shape will be chosen for the V-SIX Aircraft. All the 3 classical geometric shapes of
the wings were considered: rectangular, tapered and elliptical. The taper ratio (denoted as A) was
varied from 0.3 to 1 with an increment of 0.05 and the following formulas from [9] were used to
calculate the expected induced drag factor (5) and wing lift slope (Cia).

g=1-21 I S (22)
7 2.-AR-(2-0)
0, eliptical wing (23)
T= l B _B _M_Ecib tapered win
U O T2 3p+B, 4 S| P &
o = m- AR C,, - :1+6_ 2 (24)
L T AR+ (1 n T)Cﬁm D induced 1t AR L cruise

0, eliptical wing  (25)
2

5~ 3_(82—64)2+5( B2 B2—Bs Ba )

3o + Bo

: tapered wing
3o+ Bo 3Ho+Bo  SHo + Bo
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The analysis concluded that, while C.s was steadily decreasing with the taper ratio, the
variation of the induced drag factor has a minimum value around the optimum A= 0.37.

Tapered wing lift slope variation Tapered wing drag variation

—e—|nduced Drag Factor

—e—0min

—e—Wing lift slope

5[]

1 15 2 25 3 1 15 2 25 3

1/A[-] 1AL

Figure 18. Wing lift slope study Figure 19. Wing drag study

For manufacturing purposes, the team chose the closest value for the taper ratio that offered
easy to manufacture tip and root chords. Therefore, the final taper ratio was 0.38 with the
corresponding chords: tip chord=11.5 cm and root chord=30 cm. This geometry was then compared
with an elliptical one, results are shown in Figure 20.

Wing Shape Comparison

32

—e—Eliptical Wing

30
—e—Tapered Wing

N
(-]

L/Dratio [-]
b3

-1 1 3 5 7 9 11 13 15
AoA[°]

Figure 20. Lift to drag ratio vs angle of attack

Comparative analysis reveals that the elliptical planform outperforms the tapered design at
angles of attack below 7°, achieving a peak L/D ratio of 31. This result exceeds the aerodynamic
efficiency calculated during the initial wing sizing, which was expected since the lift and drag
coefficients were determined using more conservative analytical methods. While the mission
requirements favor these lower angles to maximize aerodynamic efficiency, the team prioritized a
balance between performance and manufacturability. Therefore, a hybrid tapered geometry was
selected for the final planform, incorporating a transition to an elliptical profile at the wingtips and small
winglet additions. This design captures the induced drag benefits of elliptical lift distribution.
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Figure 21. Resulting Wing planform

4.4.3. V-ail Sizing

The airfoil selected for the empennage is NACAO0O08. The initial sizing of the empennage was
conducted using an analytical approach, starting with a conventional configuration that was
subsequently converted into a V-tail design. This process involved iterating through various
combinations of tail volumes (Vyr, Vyr) and tail arm (lgt, lyt) to establish a baseline. The surface area
of the horizontal and vertical stabilizers was calculated using the formulas [1]:

IHT : SHT V. lVT . SVT (26)
Vi bREF ' SREF
The primary objective of these analytical calculations was to obtain an initial geometry that
satisfied fundamental static stability requirements. Once the conventional configuration was finalized,
it was converted into a V-tail. This conversion was done by calculating a V-tail angle (using the
equation below) for which the total vertical and horizontal areas remain the same.
Syr | 180 (27)

8=tan"!| |—
SHT T

After calculating the dihedral angle for the V-tail, the lift coefficient was estimated using the

equations below. This estimation was used for determining the pitching moment coefficient slope
(Cmng) by calculating the resultant pitching moment generated by the wing and the empennage. These

results were later used to verify that the aircraft satisfies the static stability requirements.

180
Cl—V = Cl - cos? (90 R T) (28)
SHT
CL= Cl—wing + S Gy - (1 - €) (29)
REF

After obtaining dimensions for the empennage, the empennage was modeled in Flow5 [10],
the final configuration shown in Figure 22 and Figure 23 was obtained.

The center of gravity was intentionally maintained between 25% and 40% of the mean
aerodynamic chord. Static stability was analyzed for CG positions in the defined range to ensure the
aircraft remained statically stable. In configurations with six cans CG was established at 35.36% MAC
and in configurations with five cans, the CG was established at 36.58% of the MAC to account for
expected CG changes in a real scenario. When selecting the wing's incidence angle, the C,, polar
(Figure 24) was considered alongside the C;/Cd polar (Figure 25). The 2° incidence angle was chosen
to maximize the C,/Cd values at a zero-degree angle of attack while C,, simultaneously remained as
close to zero as possible. The wing was oriented at this specific angle of incidence so it could operate
at its optimal angle of attack while the fuselage remains horizontal during cruise, therefore minimizing
form drag.
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Figure 22. V-Tail Configuration Figure 23.V-SIX aerodynamic configuration
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Figure 24. Cm vs alpha Polar Figure 25. Cl/Cd vs Alpha Polar
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Figure 26. Cl vs Alpha Polar Figure 27. Cd vs Alpha Polar

4.5. Stability analysis and control surfaces

4.5.1.  Static stability
Before dimensioning the control surfaces and conducting a stability analysis, it is essential for the
aircraft to be statically stable. This requires the pitching moment coefficient Cm to have a positive x-
axis intercept (Cm, > 0) and a negative slope (Cm, < 0) when plotted against the angle of attack. As

illustrated in Figure 24, both conditions are met.
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4.5.2. Dynamic stability modes

The dynamic stability modes were determined using Flow5 [10]. The team conducted a stability
analysis for two distinct cases: with 5 cans and with 6 cans payload configurations. The primary
parameters evaluated were lateral and longitudinal eigenvalues, which were used to analyze the
damping and frequency of the longitudinal and lateral modes.

Longitudinal stability modes are shown in Table 7. The analysis identifies two primary symmetric
pairs: short-period and phugoid modes. To ensure dynamic stability, the short-period roots must
maintain negative real parts for rapid oscillation damping. Both configurations satisfy this requirement,
confirming the aircraft's ability to naturally return to steady-state pitch following a longitudinal
disturbance. The phugoid mode possesses a positive real part in the 6 cans configuration, indicating
a slight divergence. This is an acceptable design characteristic; the calculated time to double
amplitude (about 90 s) is sufficiently high to ensure the instability remains negligible and easily
manageable by the pilot or flight controller.

The lateral-directional modes, also presented in Table 7, comprise the roll damping, Dutch roll,
and spiral modes. All of them exhibit negative real parts, ensuring recovery from lateral disturbances.
Table 7. Lateral and Longitudinal Roots

Longitudinal Lateral
Short period Phugoid Roll damping Spiral Dutch roll
5 Cans -13.14 + 24.01i |-0.003855 £ 0.1919i -126.3 + 0i -0.008329 + Qi -3.746 £ 23.24i
6 Cans -4.938 +5.232i | 0.007834 + 0.8488i -21.65 + 0i -0.04267 + 0Oi -0.6902 + 3.997i

4.5.3. Control surface sizing

The dimensions of the ailerons were selected with manufacturing constraints in mind, specifically
the ailerons begin where the wing's center section ends. After establishing the spanwise length, the
aileron chord was determined through an iterative process, testing values ranging from 30% to 40%
of the wing chord. The final chord percentage of 30% was ultimately selected. Results are summarized
in Table 8.

Table 8. Aileron Specifications

Parameter

Alleron_Au?horlty 0.026958437
Derivative
p (roll rate) 1.46837612 rad/s

The dimensions for the rudder and the stabilizer were determined based on recommendations
from established literature [1], which suggests a control surface chord of approximately 30%. Because
the team could not precisely quantify the aircraft's rotational rates through analytical methods, flight
simulation testing in RealFlight8 [4] was utilized to validate the sizing and ensure sufficient control
authority.

4.6. Predicted performance

The team evaluated the two configurations consisting of 5 and 6 cans. Using a MATLAB [7] script,
key mission parameters were analyzed, specifically flight range and stall/cruise velocities, to compare
the performance of each payload option, and the results are presented in the table below:
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Table 9. MATLAB Predicted Performances

Mass [kg] V_cruise [m/s] V_stall [m/s] Flight Distance [km]

5 Cans 4.25 24 10.54
6 Cans 4.6 23 10.70

2.82
2,72

RealFlight8 [4] simulations were then utilized to quantify and validate the aircraft's performance.
These simulations played a critical role in identifying variances between theoretical expectations and

real-world behavior, which ultimately informed the final payload declaration to ensure the best possible
competition outcome.

5. Structural Design

5.1. Material selection and testing

The UAV airframe is constructed mainly from Carbon Fiber Reinforced Polymers (CFRP) to
achieve an exceptional strength-to-weight ratio and high structural rigidity. Several tensile tests were
performed at INCAS research institute, on both bidirectional (C200, C280, TEX-68) and unidirectional

(U200, UMS-40) carbon laminates, including multi-layer and Rohacell-core configurations, focusing
on Ultimate Tensile Strength and Young’s Modulus.

U 200-3

=

400 - AV ‘
0 e “ d
0 02 0.4 06 08 1 12 14 A
Tensile strain () [%] #
Figure 28. U200-3 Tensile Test

Based on the tensile test results, the U200 3-plies unidirectional carbon fiber with a density of
200 g/m? was identified as the most suitable material for the spar cap and joiner. As shown in Figure
28, the stress-strain curves for all 10 specimens show high stiffness (E = 137 GPa) and tensile

strength around 1677 MPa, demonstrating that the material can support the required axial loads with
minimum deformation.
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Figure 29. TEX-68-3 Tensile Test

For structural elements requiring multi-directional load resistance, the TEX-68-3 configuration
(3 plies of bidirectional carbon, 68 g/m?) demonstrated the highest tensile strength relative to its low
ply count, with a failure value of 770 MPa and a modulus of elasticity (E) of 63 GPa, as shown in
Figure 29. Since wings and stabilizers involve extensive surface areas, this material is ideal for their
skin, where minimizing weight is critical for aerodynamic performance.
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In contrast, the C200-2 configuration (two plies) is utilized for the fuselage skin and the landing
gear due to its higher ultimate tensile strength. While TEX-68 is more efficient per gram, the higher
density of C200 provides the necessary impact resistance and buckling stability required for these
primary load-bearing structures.

5.2. Structural characteristics and capabilities
5.2.1.  Wing Assembly

The wing is composed of three sections as shown in Figure 30. These sections are connected
using a carbon fiber joiner and an anti-torsion pin, while the entire assembly is secured in place with
a 3D-printed clamping mechanism.

Figure 30. Wing internal layout

The internal structure consists of multiple ribs manufactured out of 3 mm plywood. The main
spar web is manufactured from 5 mm thick balsa wood. This spar is designed with dedicated slots for
each rib, which facilitates accurate alignment of the internal structure during the manufacturing and
assembly process. To secure the central fuselage section, three M4 screws are used. One of the
screws is secured into the balsa block near the trailing edge using a T-nut, while the other two, which
are longer, pass through the landing gear and are then fastened using two nyl-stop nuts.

Note that, due to the symmetry of the wing, only the right half and the part containing the bolts
are included in the FEM model. The contribution of the unmodelled parts is included in the analysis
as force and moment reactions.

Aerodynamic lift is the principal force acting on the wing, causing bending and axial loads on
the modelled parts. To estimate its magnitude and its distribution along the wingspan, the Diedrich
method ( [11]) is implemented, and the resulting load is shown in Figure 31. The aerodynamic moment
is also included for the torsional load it causes and it is applied on the ribs of the wing in the model.

0,00029642

0,00025111
L1 00002058
0,0001605
0,00011519 Min

400,00 (mm)
]

Figure 31. Detail of applied Diedrich pressure (view from lower surface), 4g load case

The global deformation of the model, when considering the 4g load case (defined as the limit
load case) is shown in Figure 32. A summary of the results is given in Table 10, in the form of the
Margins of Safety obtained. For the composite parts (such as wing skin), the MoS is computed directly
from Ansys, using the Tsai-Wu criterion. Initially, a slightly negative MoS was obtained for the ultimate
load case. This is because the standard carbon fabric from the Ansys library was used, which has an
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ultimate o along the fibre directions of 513 MPa. This value was corrected to the value of 770 MPa,
as obtained in the tests performed in Section 5.1, and the analysis was performed again. The new
MoS is positive, thus the static analysis is passed for the wing assembly.

0,00 200,00 400,00 (mm)
]

Figure 32. Wing deformation, 4g load case

5.2.2. Joiner

The joiner is made from carbon fiber sleeve with a Rohacell core and is used to align the outer
wing sections with the central section. To further reduce any torsion around the longitudinal axis, a
metal pin is placed near the trailing edge. For accurate positioning during assembly, the wing sections
are fitted with fiberglass-laminated sleeves that guide the joiner into place and ensure proper
alignment. The full assembly is shown in Figure 33.

Figure 33. Joiner assembly

Although part of the wing assembly, the
joiner was analyzed separately in order to
accurately model its layup and role in the
structure. From the wing analysis performed in
Section 5.2.1, the force and moment reactions
are extracted at the location of the joiner and

- I
0,00 30,00 (mm)

used as applied loads. As boundary condition, a  e—

15,00

fixed support condition is applied at one end of
the joiner, to model the sleeve contact.

Figure 34. Joiner deformation, 4g load case

The global deformation of the model, when considering the 4g load case, is shown in Figure 34
and the results of the analyses are summarized in Table 10. Given the relatively small displacements
and positive MoS, the static strength analysis is passed for the joiner.
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5.2.3. Empennage Assembly

The empennage is reinforced with two carbon
fiber rods. The servo that actuates the movable control
surface is positioned between these rods, in a
dedicated slot within a foam core. For added security,
a 3D-printed clip is used to secure the tail to the
fuselage. Since the 3D-printed components are
secured using screws, replacing them in case of failure
is very easy, making the system serviceable.

The empennage assembly static
strength is determined through a combination of
both FEM and analytical calculations. The FEM
model is used to assess the global behavior of
the part (such as deformations) and to extract
the loads acting on the carbon rods (connection
to the tail arm). These loads are then used to
dimension the rods, as these are the most
critical elements of the empennage assembly. .
As applied boundary conditions, the rods are O 10X \f
considered fixed supports, and the loads are -
taken from the final aerodynamic analysis.

0,28087
L] 021066
L] 01400
0070218
0 Min

Figure 36. Empennage deformation, 4g load case

The global deformation of the model, when considering the 4g load case, is shown in Figure
36. The resulting loads acting on the carbon rods, defined in a local coordinate system, are presented
in Figure 37 and Figure 38. Although the Ansys plots only show the resultant load, for the analytical
calculations the individual effects of each component are considered (as shown in Equation 30):

z

0,00 70,00 (mm) " 0,00 70,00 (mm) s
— ) y —— )

35,00 35,00

\bular Data v 3 x Tabular Data v QI x

Time [s] “7 Force Reaction Local (X) [N] “7 Force Reaction Local (¥) [N] [rv_ Force Reaction Local (2) [N] ] 1[7 Moment Reaction Local (X) [N-mm)] “7 Moment Reaction Local (¥) [N-mm] “7 Moment Reaction Local (Z) [N-mm]
1f; -1.4838 -3,3294e-002 -16.906 1 1428‘59 12925 91,653
Figure 37. Force Reaction on rods, 4g load case Figure 38. Moment Reaction on rods, 4g load case

Denoting L as the length of the longest rod and A as its cross section area, it is clear that the
rods are subjected to combined efforts, which can be written as ( [12]):

Axial: Fyia1 = Fx
Torsional: Myqrsion = My

Bending: Mpeng = \/(|My| +|L- le)z + (IM, | +|L- FyDZ (30

Combined efforts: o =

Faxial
A

L M2 M2
+ w bend T Mtorsion
z
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Note that the values of each reaction component (Fx, Fy, Fz, Mx, My, Mz) are taken from the tables
shown in Figure 37 and Figure 38.

The results are summarized in Table 10. It can be seen that both diameters of 6 and 8 mm give
positive MoS. Therefore, the static strength of the empennage assembly is proven.

5.2.4. Fuselage assembly

The fuselage assembly consists of a thin composite skin and structural 3 mm frames cut out of
plywood. It is divided into 2 parts: a front section, which incorporates both the electronics bay and
cargo bay, and a rear tailboom section, which provides the transition between the cargo bay and the
empennage. This section also includes the structural frames where the V-tail assembly and the
tailwheel are mounted. The motor mounting area will feature a visiting lid, meant to comply with
regulations for easy motor inspections.

Figure 39. Fuselage assembly Figure 40. Electronics bay

To evaluate the static strength of the fuselage assembly, the loads are considered as it follows:
for the tailboom they are given by the bending reactions from the empennage, while the cargo bay is
loaded by the tailboom reactions, wing reactions and propeller thrust.

The global deformations of the analyzed models, when considering the 4g load case, are
shown in Figure 41 and Figure 42. Additionally, the tail boom is also checked for buckling, given its
slender, thin-wall structure without supporting frames, and the first eigenmode is presented in Figure
43. The results of the analyses are summarized in Table 10. Given the relatively small displacements
and positive MoS, the static strength analyses are passed for both cargo bay and tailboom structures.

), 200,00 (mm)
L — k\" 0.00 200.00 (mm)

100,00 L SE—]
100.00

Figure 41. Cargo bay deformation, 4g load case ) . .
g g y g Figure 42. Tail boom deformation, 4g load case
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Figure 43. Tail boom buckling, 1st Eigenmode

5.2.5. Landing gear

The landing gear consists of the main gear and the tailwheel. The main landing gear is
manufactured using carbon fiber layup with a balsa core and is mounted beneath the central wing
section, using the same screws that secure the wing to the fuselage. The tailwheel is installed at the
rear of the fuselage within a housing that is laminated together with the fuselage structure. The wheels
are 3D-printed from PETG, while the tires are printed from TPU.

Figure 44. Landing gear assembly Figure 45. Tailwheel

In the FEM model, the landing gear is
modelled with QUAD SHELL181 elements,
to allow for the composite layup definition.
The connections to the wing and fuselage
are considered as fixed support conditions,
and the limit load is given by a 2g landing
applied in the connections with the wheel.
The global deformation of the analyzed

model is shown in Figure 46 and the results V """
of the analyses are summarized in Table 10. '

Figure 46. Landing Gear deformation, 2g load case
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5.2.6. Cargo bay

The cargo bay is equipped with a series of spacers designed to keep the payload securely
fastened and separated throughout the flight, in compliance with regulations. These spacers are 3D-
printed and match the shape of the cans to ensure a tight fit.

< ‘

Figure 47. éargo bay
5.3. Summary of static strength analysis

The table below summarizes the results obtained through FEM analyses:
Table 10. Margins of Safety obtained for the most critical parts

MoS Wing assembly Empennage assembly Cargo Bay Tailboom Landing

Summary Skin Spar Joiner 6mmrod 8mmrod Skin Frames Skin Frames Buckling Gear

Limit Load
Ultimate Load*

UL new run** m Not applicable
*Ultimate load case results are computed from amplifying the stresses obtained at limit with a factor of 1.5
**This analysis is applicable for the wing, as detailed in Section 5.2.1
All results have an applied additional safety factor of 1.5

6. Payload tool

Taking into consideration the chosen payload configuration, a
loading tool which could easily be scaled was developed accordingly.
Going through multiple ideas and iterations, a top-down, side grip
approach was chosen. The tool consists of three grabbing modules,
each with two pairs of claws. This allows the tool to hold up to six cans
at once. For ease of use, the connecting rods have counter rotating
levers attached to their ends. The levers provide sufficient torque to
hold the claws closed and the user can use two hands for handling the
tool. This design proved to be efficient at holding, carrying and dropping
the payload all at once in the cargo bay.

. Figure 48. Payload loading tool
7. Electronic layout g Y g

V-SIX utilizes a dual-power architecture as per regulations to isolate critical flight functions from
propulsion loads. The avionics suite is powered by a dedicated 2S 600mAh battery connected via an
external safety switch to a Speedybee F405-WING flight controller flashed with Ardupilot. For control,
an RP3 V2 ELRS receiver is used. Flight telemetry is transmitted back to the ground station via a
dedicated module, while control surfaces are actuated by high-precision KAVAN GO 1026 metal gear
servos. The overall electronic layout is illustrated below.
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Figure 49.Electronic Configuration Diagram
8. Payload Prediction
8.1. Weight and balance

The static margin was calculated for all critical loading scenarios, including the maximum payload
capacity and the empty configuration. The center of gravity positions for each component was
retrieved from Onshape [13] and imported into Flow5 [10] for stability analysis. The neutral point was
determined directly through Flow5 [10]. The static margin was then calculated using the following

formula:
Xeog — X
=% " . 100%

StatiCmargin MAC

Table 11. Static Margin

Static Margin
MNumber of cans Total Weight [kg]  Xcg [m] Xnp [m] Static margin [%
6 cans (Max Load) 4.7 86.47 125 15.66
5 cans 43 89.07 125 14.61
4 cans 40 71.37 125 21.80

3 can 36 73.05 125 2112 Q\

2 cans 3.3 75.08 125 20.29
1 can 2.9 91.68 125 13.54
Without cans (Min Load) 2.2 112.00 125 5.28

Throughout the design process, the center of gravity was
consistently maintained at the same approximate longitudinal position
across all iterations. This approach ensured that any changes to the
aircraft's geometry did not inadvertently shift the balance, allowing for a
more controlled evaluation of aerodynamic stability as the design evolved.

Table 12. Weight Locations

Weight Locations
Component Weight [kg] Xcg [mm] Yeg [mm]
Wing
Fuselage
Ampenage
Landing Gear
Payload (5 cans)
AME

Motor
Wing Serve Right
Wing Servo Left
Tail Servo Right
Tail Servo Left
Electronics

Aircraft
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8.2. Final predicted performance

In order to define the operational limits of the aircraft, a flight envelope is constructed, using
the speed profile determined in Section 4.6 and the limit and ultimate loading factors defined in Section
5.2. By interpreting the obtained plot in Figure 50, it can be seen that the model can safely support
gust speeds up to 12 m/s, with good maneuverability and stall characteristics.

V-ndiagram

5 r Damage likely

Stall region

4 5 ) Positive limit

Normal operating range

Loading Factor [g]
N

Level 1g flight

' h
Vs =10.7m/s Speed (m/s) Ve = 23m/s Vne = 32m/s

————— Gust diagram ——Maneuver diagram

Figure 50. V-n and gust diagram of V-SIX model aircraft

To compensate for the lack of physical flight prototypes the team conducted flight testing in
RealFlight 8 [4], a professional RC flight simulator that allowed the evaluation of aircraft handling,
stability and performance in a virtual environment before real-world testing. It was also a good way
for the pilot to give feedback about the control surfaces sizes before manufacturing.

Table 14. V-SIX performances obtained in RealFlight 8

6 Cans, 4.6 kg 5 Cans, 4.34kg

Testno. TO distance [m] Alt max [m] Distance [km] Testno. TO distance [m] Alt max [m] Distance [km]
33 103 2.96
34 110 3.1
32 107 3.02

Due to these simulations, and analyzing the scoring method, it was decided to reduce the
payload prediction from 6 to 5 cans, in order to achieve takeoff in 40 meters in suboptimal conditions,
and to take the full payload of 6 cans in conditions that favor the aircraft performance.

Figure 51. V-SIX RealFlight Simulation

Final can payload prediction declaration: 5 cans
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9. Manufacturing plan
9.1. Mold Milling and preparation

Molds are produced from Sika LAB 735 and Necumer 350 tooling board blocks, which are
CNC-machined. SolidCAM is used to generate the machining code and verify the stock. The CNC
milling process begins with a roughing stage, followed by a finishing stage focused on more sensitive
areas such as the leading and trailing edges.

After machining, the molds are prepared by sanding with progressively finer grits and applying
a pore sealant to remove minor surface imperfections. This is followed by two layers of wax and a
final coating of polyvinyl alcohol (PVA) to facilitate part release. Once prepared, the molds are ready
for lamination.

=\

£

Figure 52. CNC finishing process of empennage mold Figure 53. Empennage mold after pore sealant

9.2. Composite Manufacturing

The wing skin will be a composite sandwich structure. The outer layer of the composite structure
will be made from Textreme Spread Tow - TEX-68 carbon fiber with Rohacell as a core material. The
internal structure consists of ribs, CNC-machined from plywood, and a laser-cut spar manufactured
from balsa. To ensure accurate bonding, a CNC-machined wooden jig fitted with 3D-printed spacers

to prevent plywood buckling aligns the internal structure relative to mold reference points.

- T vl g
3 N

Figure 54. Wing internal structure assembly

The empennage utilizes CNC-machined XPS foam cores laminated with a TEX-68 carbon
fiber skin. To enhance durability, local reinforcements of Carboweave are applied to the leading edges
and hinge regions. Following lamination and vacuum bagging, the components are demolded and
post-processed to achieve the final aerodynamic finish.
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Figure 55. CNC Milling of empennage Figure 56. Empennage

p i Figure 57. Final empennage
oam core reinforcements

The fuselage is manufactured using a similar
process to the wings. It was built from four separate mold
sections: two for the forward part and two for the aft part.
Due to the complex geometry of the fuselage,
reinforcement with Rohacell was not considered feasible.
Instead, a simple layup of two layers of C200 carbon fiber
was used.

The landing gear is manufactured from multiple
plies of C200 carbon fiber. To minimize aerodynamic drag,
the component is airfoil-shaped and has a balsa core,
whose fibers are oriented along the leading and trailing Figure 58. CNC Machined fuselage molds
edges. To achieve the desired geometry efficiently,
without increasing manufacturing time and cost, the
molds will be 3D printed.

For secondary components such as the electronics and payload lids, producing CNC-
machined molds was considered unjustified. To accelerate the manufacturing process, the molds
were instead 3D-printed and finished to a lower surface quality.

Figure 59. 3D printed mold of payload lid Figure 60. 3D printed mold of electronics bay lid

10. Outlook

This report is meant to provide the jury with a comprehensive overview of the development of
V-SIX. The presented aircraft represents Team NOVA's effort to produce the most optimized
solution with the available resources and with the regulations and limitations provided.

As of writing this report, physical components of the aircraft are being hand laminated in the
manufactured molds. The goal is to manufacture two competition aircraft in order to ensure
redundancy and improve upon manufacturing methods by reducing weight.
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