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1. PROJECT SUMMARY
The report prepared by the JAPATI team for the TÜBİTAK UAV TURKEY 2021,
describes the design features of an unmanned aerial vehicle (UAV) called the RTU-01.
The purpose of the designed UAV is to be able to carry out monitoring, mapping, and
delivery of goods packages at a location and also to fulfill the purpose of providing the
necessary assistance for emergency cases such as sending emergency packages to
isolated disaster locations or other similar emergency cases. According to the competition,
the first task is to test the autonomous flight capabilities and maneuverability of the aircraft
developed by the team, and the second task, in addition to this capability, is to carry two
ball loads which will later be dropped or released in the designated drop zone. In order to
complete these missions in the best possible way, the FIXED WING type aircraft was
decided to be used. The UAV designed by JAPATI will compete in the fixed wing category.
This UAV will later become a vehicle capable of autonomous flight to complete emergency
flight missions such as sending emergency disaster relief packages and the like.
1.1 Method Followed in Design
After the concept idea is being made, the project can moving on to the initial
design phase where we detail the significant ideas regarding the proposed UAV
design on the conceptual design for immediate realization, all requirements and
constraints applied to the aircraft. Design calculations are carried out to obtain
maximum results to complete the stated objectives. The initial design was parsed
into smaller subsections, which allowed the rest of the group to focus on
individual tasks and work more efficiently.
Our team relies on an iterative design process based on the performance of
different concepts to develop our aircraft. Based on the competition, our team
defines the requirements, brainstorms and researches to meet the requirements,
develops a configuration concept and produces an initial design. In our initial
design, we start by doing the initial design, decide the initial values and sizes
that lead to the production of the CAD model and determining the materials to
be used. After that, we moving into using analytical, virtual and experimental, we
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analyze the design aspects to create a detailed design. Finally, a prototype was
created and more practical tests were carried out to finalize the design based on
the requirements of the competition. This method provides an opportunity to
optimize our design features based on frequent iterations and prototyping quickly
and always maximizing our score.
1.2 Team Organization

The team captain is responsible for completing the competition
requirements such as proposal and sending registration forms to the TUBITAK
Committee. Also, he has to collect all the important information about the route,
competition rules and manage it in the discussion with all the team members to
meet best performance especially in engineering data to determine
productibility, feasibility and production schedule of UAV manufacture. During
the manufacturing process, Team Captain manages the team to create
technical reports or other documentation such as bulletins or video, for use by
the team, and report for TUBITAK Committee.
CAD & Analysis Responsible for designing the 3D model of the aircraft to
be made, starting from the design of the fuselage model, empennage, wing and
other parts. then perform aerodynamic simulation and analysis of the designed
model, its structure, balance and durability of the model and several other
analyzes. Then the data are compiled into one to be a reference during the
manufacturing process.
Payload & Propulsion Responsible for designing load shedding
mechanisms while aircraft are flying for missions, building load carrying
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systems, then calculating battery power usage and locations for high speed
systems.
Manufacturing Responsible for the process of aircraft production,
manufacture and assembly of models that have been designed with reference
to technical data obtained from model analysis as well as selecting suitable
materials for the UAV frame and body and testing the finished aircraft so that it
can fly successfully.
Pemrogramming Responsible for integrating all components in the UAV
and communicating them with ground control to produce accurate and clear
tasks during missions.
1.3 Milestone Chart : Planned and Realized

2

DETAIL DESIGN
2.1 Dimensional Parameters of the Design
Tabel A. Fixed Wing UAV Part and Total Weight Table
No

Part Name

Weight
(grams)

Pieces

Total Weight
(grams)

1

Payload (Balls)

85g – 105g

2

210 grams

2

Battery 6000mAh 4s

570 grams

1

3

Motor

138 grams

1

651,8 grams
(with bracket)
138 grams

4

Servo

13.4 grams

6

80.4 grams

5

Flight Controller

60 grams

1

60 grams

6

ESC

92 grams

1

92 grams
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7

Propeller

16 grams

1

16 grams

8

Aispeed Sensors

20 grams

1

20 grams

9

GPS

49 grams

1

49 grams

10

Telemetry

25 grams

1

25 grams

11

Receiver

12 grams

1

12 grams

12

A Boom & Tail

180 grams

1

180 grams

13

Wings

176 grams

2

352 grams
(with servo
bracket)

14

Fuselage

400 grams

1

400 grams

15

Camera

10 grams

1

10 grams

TOTAL

2.296 grams

Tabel B. Fixed Wing UAV Material Weight and Balance Table

No

Part Name

Weight
(grams)

X distance
(mm)

Y distance
(mm)

Z distance
(mm)

1

Fuselage

400

600

140

235

2

Wing
(Total)

352

250

1995

35

3

Tail
Boom

180

113

899

274

&

Center of Grafity :

The Center Of Grafity is located 40% or 11.51cm from the front chord of the
wing.
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Determination of the location of the Center of Gravity is based on the
calculation of the longitudinal equilibrium of the aircraft, both due to the forces
and moments from the wings, tail and components on the aircraft that produce
aerodynamic forces. Then, from the figure, arrange the moment equation (force
times distance) so that it can be seen when moment = zero at zero angle of
attack (AOA), and the graph of the moment against AOA has a negative slope,
then the plane is in a stable condition.

2.2 Body and Mechanical System

This aircraft uses a structure that minimizes damage to the front, bottom,
and wings, especially during landing. At the bottom, plywood is used with a size
according to the size of the bottom of the fuselage and a thickness of 3mm. This
is done in order to minimize damage to the bottom during landing. At the front,
plywood is used with a length of 55x50mm and a thickness of 4 mm with 2 locks
to the bottom chassis of 10x3mm, in this section to minimize damage to the
front body in a collision. Inside the wings used carbon material with an outer
diameter of 12 mm and a length of 1 meter at the midpoint of the airfoil, then
added on the front with a diameter of 10 mm and a length of 400 mm. At the tip
of the wing, carbon is planted with a length of 600 mm x 5 mm and a thickness
of 1 mm, this is done so that the wings are more flexible and not easily broken.
For the aileron, elevator and rudder drive mechanism, the mg90s servo is
used as a drive where there is a pushroot as a link between the servo and the
aileron, elevator and rudder.
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a. Front View

b. Right View

c. Top View

d. Perspective View
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System layout :

2.1 Aerodynamic, Stability and Control Features
A. The Aircraft is in stable condition with 0°

Picture a. Global Plane
According to the picture above, the simulation is carried out with the aircraft in
a stable position at an angle of attack of 0°. In this position, on the front side there
is yellow and green colors which indicate the aircraft is in the range of 1800 cm/s,
which means it has a high thrust. While on the tail side visible blue-purple color which
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indicates the side of the aircraft receiving a low speed. and it is also known that if
the aircraft has a high thrust, the resulting air resistance will be even greater, which
can be written as: FThrust≈FDrag.
But the Skywalker model aircraft has a high density so that when in high thrust
the aircraft can withstand high drag forces as well.

Picture b. Iteration Graph
Stability is the ability of an object to improve conditions that work in non-constant
conditions, such as turbulence and various conditions. In Figure b above, a
simulation with 200 iterations has been carried out so that the simulation results on
the aircraft look more detailed and detailed. At the beginning of the iteration, the
graph looks irregular so it can be said that the aircraft is experiencing disturbances
and towards the end of the iteration, the graph of Vy which initially has a high peak
has decreased to a constant peak, while at Vz, which initially has a low peak, it has
a very drastic peak increase. . So that it can be called the stability of the aircraft is
neutral because in a situation the value of Vy is greater than the value of Vz and
some times the value of Vz is greater than the value of Vy because in stability it is
neutral, namely when the aircraft is experiencing turbulence in a period of drag force
can be greater than lift force and in the next period the lift force can be greater than
the drag force. For the relationship of force and velocity using Newton's second law
with the following formula:
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Picture c. Trace Picture with 0° AoA
The simulation results that have been carried out iterations of 200 times,
traces are carried out in order to determine the condition of the aircraft when tested
with a wind tunnel. When the aircraft is flown with air, it hits the fuselage and airfoil,
causing a vortex caused by the curvature of the airfoil and fuselage. However, the
air hits the bottom of the aircraft first than the top so that the lift force on the aircraft
is greater than the drag force causing the aircraft to be lifted up and fly.

B. The aircraft in take off condition with -10°

Aircraft Global Plane Picture AoA with -10°

According to the picture above, it can be seen that the drag on the aircraft is
green, which means the aircraft is traveling at 1800 cm/s and is getting a lift. The
aircraft also gets a large thrust so that the drag force is also large and causes the
air to hit the underside of the aircraft. So that the lift force also increases and the
drag force is smaller than the lift force which can be written as follows: FLift > FDrag.
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Iteration Graph Picture
According to the Iteration Graph Picture above, 50 iterations have been done
so that a graph of the condition of the aircraft is formed from the beginning to the
number of iterations. The graph shows that the Vy and Vz graphs have the same
angle. So that the lift and drag forces on the aircraft are in a stable state or positive
stability, which means that when the angle of attack with a value of -10 degrees is
exposed to air disturbances for some time, the aircraft angle will remain and do not
change according to control. For the relationship of force and velocity using
Newton's second law with the following formula :

Aircraft Trace Picture With AoA -10°
When the trace test is carried out, it can be seen in the picture that the bottom
side of the aircraft gets a collision from the air first so that the bottom pressure
becomes greater and the aircraft gets lift where the pressure on the underside of the
wing is greater than the top side of the wing, this is a requirement for the aircraft or
the wings generate lift. This can be written in a physical formula in the formula for
the lift force of the aircraft :
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During takeoff F1 (pressure under the wing) must be greater than F2
(pressure on the top of the wing), and V1 (the velocity of the airflow under the wing)
must be less or slower than V2 (the velocity of the airflow over the wing)

C. The Aircraft in landing condition with 10° AoA

Global Aircraft Picture
In the picture above the aircraft is at an angle of attack of 10 degrees, the front
side is green which means it is traveling at about 1800 cm/s. so that the greater the
thrust, the greater the drag force or written : FThrust≈FDrag.
When the angle of attack is 10 degrees, the air resistance will hit the top side
so that the aircraft is depressed downwards, resulting in FDrag > FLift.

Iteration Graph Picture
When the aircraft is given 50 iterations, the graph shows that Vy has a high
peak at the beginning and continues to decrease as iterations increase and at Vz and
has a peak at the end of the iteration period and continues to decrease. So that the
stability is neutral because when there is turbulence, the aircraft changes its angle and
the lift and drag forces will change alternately and over time the aircraft will have a
positive (stable) stability.
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For the relationship of force and velocity using Newton's second law with the
following formula:
∑F=m*

𝑑𝑣
𝑑𝑡

Aircraft Trace Picture With 10° AoA
The picture above shows that the air is hitting the top side of the aircraft so that
there is downward pressure which causes the upper pressure to be greater than the
bottom of the aircraft so that the drag force is greater than the lift force or written as
follows:
FDrag > FLift.
D. Aircraft Airfoil

MH 32 Airfoil Picture

According to the picture above the aircraft is traveling at a speed of 2400 cm/s so the air
resistance will increase as the thrust increases. On the upper side of the wing there is a
lot of red color and also on the underside of the wing there is also a little red, meaning
there is more air pressing on the top side than the bottom side so as to produce enough
drag force for the aircraft to reduce excess lift.
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Airfoil Iteration Graph
In the graph above, it can be seen that Vy initially reached overshoot then slowly
stabilized. While Vz has a graph that is constantly changing so that when turbulence
occurs, the upper side of the wing has high pressure at the top and at other times the
top side of the wing has low pressure. This creates neutral stability. In some time, the
aircraft has a drag force that is more than the lift force and vice versa, until the next
time the aircraft will have a positive value of stability (stable). For the relationship of
force and velocity using Newton's second law with the following formula:

E. Compare Lift/Drag Coefficient with Angle of Attack
Lift Coefficient is a ratio of lift force to form surface area and dynamic pressure. The
following equation is written:
1

∁𝐿𝑖𝑓𝑡 = 𝐹𝐿𝑖𝑓𝑡/(𝐴 ∗ 2 ∗ 𝜌 ∗ 𝑉 2 )
Drag Coefficient is a ratio used to measure the drag resistance or resistance of an
object moving in a fluid
1

∁𝐷𝑟𝑎𝑔 = 𝐹𝐷𝑟𝑎𝑔/(𝜌 ∗ 𝑉 2 ∗ 2 ∗ 𝐴)

Table Data Lift to Drag with AoA
Angle of
Attack

Lift Force

Lift Coefficient

Drag
Force

Drag Coefficient

Lift to Drag
Ratio

-10

224.104

0.007076

16.449

0.0004768

1 : 14.84

0

38.8628

0.0011265

5.43728

0.0001576

1 : 7.15
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10

24.0165

0.000725

493.764

0.014313

19.74: 1

From the experimental data, it can be seen that every change in the Angle of Attack
produces a large change in the coefficient values of lift and drag so that there is a change
in the direction and motion of the aircraft.

2.2 Task Mechanism System
The competition rule defines that the aircraft should be capable of carrying 2
balls which have a diameter range of 55 to 65 mm and weighing between 85 and
105 grams. Therefore, the aircraft was designed to have enough space within its
fuselage to load both balls aligned at the point CG on the aircraft, placing the
payload inside fuselage is determined to has advantages of getting rid of
frictional force and preserving the center of gravity after dropping the load.

The aircraft will have a release mechanism with two servo motors. The
movement of the servo motors is triggered by the autopilot based on position
data provided by the GPS, which then enables the balls release. The position at
which the balls will be dropped is programmed in Mission Planner.

On the first release, the servo motor 1 will move to an angle of 90 ° to unlock
the first ball, and on the second release the servo motor 2 will also move to an
angle of 90 ° to unlock the second ball.

Technical Drawing of payload Box
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2.3 Electrical Electronic Control and Power System
In this section, changes are made to the microcontroller used. In the
conceptual design, it is explained that we are using STM32 as the
microcontroller. As for this detailed design report, the microcontroller is changed
to Arduino Mega 2560. The reason is because programming and
implementation will be easier, compared to using STM32.
The way this hardware works is that the power module is connected in
parallel with the esc and battery. After that, the fuse is installed after the power
module and the switch is also installed. when the switch is turned on, the voltage
from the power module will be lowered by the first regulator which will activate
the Arduino MEGA 2560, telemetry ( AIR module), GPS, I2C splitter, camera
and buzzer. Pins RX1 and TX1 on arduino mega 2560 will be connected to
telemetry while RX0, and TX0 will be connected to GPS and pin 24 will be
connected to buzzer. Pin SDA and SCL of arduino are connected to I2C splitter,
for 5V and GND are taken from the first regulator. The I2C splitter is connected
to the telemetry Air module, the balance sensor, and the airspeed sensor. The
pin for the camera is connected to the ICSP pin on the Arduino. To drive the
servo, the voltage will be taken from the power module where the voltage will
be stabilized with the second regulator. And the motor is connected to the ESC.
For the Ground Control Station, telemetry (Ground module) and remote control
are installed. So when the hardware installed on the aircraft is active, the
telemetry ground module will be connected to the telemetry air module and the
remote control will be connected to the receiver.
The fuse functions as hardware security when there is an electric current
that exceeds the limit and when that happens, the fuse will cut off electricity
from the battery to the hardware. And if there is a hardware problem such as a
reduced battery voltage, or there is a loss of communication between the
telemetry air module and the telemetry ground module. Then the UAV will
change to flight mode to RTH (return to home).
For hardware installation into the UAV aircraft must measure the center of
gravity which will affect take off and landing. And also the placement of the
balance sensor, if the placement of the balance sensor is not appropriate then
the UAV is not balanced when taking off.
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Schematic Arduino Flight Controller
2.4 Target Detection and Recognition System
The aircraft will have a release mechanism with two servo motors. The
movement of the servo motor is triggered by image processing using a camera
embedded to Arduino and combined with Python programming language which
then makes it possible to release the payload. The position where the payload
will be dropped is determined by detecting the color and shape of the target. The
payload is dropped when it meets several conditions, i.e. position of the aircraft,
altitude, and speed. Therefore, a couple meters before reaching the target
location, the aircraft will adjust its altitude and speed in order to drop the load
with better precision. The general workflow is explained through the flowchart
below.
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2.5 Flight Performance Parameters
Flight

Required Battery
Stall
Power
expected Speed

Max
Speed

Flying
average

19.8 Watt

55.23m/s 4.16
Minute

99.6 Watt

-10° 10°

Hovering Turnig
Time
Radius
81 m

2.6 UAV Cost Distributions
No
1.
2.
3.
4.
5.
6.
7.

Component Name
FrSky TFR4B 4ch 2.4Ghz Receiver
(4.6gram)
I2C Splitter
Matek GNSS M9N 5833
3DR Radio Telemetry Kit 433Mhz
(17gram)
SFM-27 Buzzer (7gram)
Hobbywing Flyfun 80A Brushless
ESC (92gram)
Power Supply Module BEC
(35gram)
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Unit Price
(TL)
330.00 ₺

Quantity
1

Total Price
(TL)
330.00 ₺

53.61 ₺
415.78 ₺
228.41 ₺

1
1
1

53.61 ₺
415.78 ₺
228.41 ₺

3.27 ₺
574.00 ₺

1
1

3.27 ₺
574.00 ₺

41.34 ₺

1

41.34 ₺
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Brushless Sunnysky Motor X2820-7
800KV (138gram)
Arduino Mega

401.15 ₺

1

401.15 ₺

180.49 ₺

1

180.49 ₺

1562.03 ₺

1

1562.03 ₺

11.

FrSky Taranis QX7 Remote
(983gram)
GBA ZTW 10A (18gram)

193.39 ₺

1

193.39 ₺

12.

Servo ES3054 (17 gram)

365.96 ₺

6

2195.77 ₺

13.

3A UBEC 5V 6V Full Shielding Anti
Jamming Switching Regulator
(11gram)
Gens Ace Lipo 4S 5300MAh
(489gram)
Component Name

38.08 ₺

1

38.08 ₺

504.65 ₺

1

504.65 ₺

Unit Price
(TL)
330.00 ₺

Quantity
1

Total Price
(TL)
330.00 ₺

53.61 ₺
415.78 ₺
228.41 ₺

1
1
1

53.61 ₺
415.78 ₺
228.41 ₺

3.27 ₺
574.00 ₺

1
1

3.27 ₺
574.00 ₺

41.34 ₺

1

41.34 ₺

401.15 ₺

1

401.15 ₺

180.49 ₺

1

180.49 ₺

1562.03 ₺

1

1562.03 ₺

11.

FrSky Taranis QX7 Remote
(983gram)
GBA ZTW 10A (18gram)

193.39 ₺

1

193.39 ₺

12.

Servo ES3054 (17 gram)

365.96 ₺

6

2195.77 ₺

13.

3A UBEC 5V 6V Full Shielding Anti
Jamming Switching Regulator
(11gram)
Gens Ace Lipo 4S 5300MAh
(489gram)
Camera

38.08 ₺

1

38.08 ₺

504.65 ₺

1

504.65 ₺

815,43 ₺

1

815,43 ₺

8.
9.
10.

14.
No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

14.
15.

FrSky TFR4B 4ch 2.4Ghz Receiver
(4.6gram)
I2C Splitter
Matek GNSS M9N 5833
3DR Radio Telemetry Kit 433Mhz
(17gram)
SFM-27 Buzzer (7gram)
Hobbywing Flyfun 80A Brushless
ESC (92gram)
Power Supply Module BEC
(35gram)
Brushless Sunnysky Motor X2820-7
800KV (138gram)
Arduino Mega

TOTAL
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2.7 Oliginality
Originality in the manufacture of this aircraft includes:
-

Chassis

-

Bracket for (Battery, Servo, Boom Tail, Motor)

-

Payload Dropping Mechanism.
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