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1. Aim of the project 

The aim of this project is to delve into the world of sea rescue and to offer a 

solution that may help to solve one of the most troublesome problems that the 

society has been experiencing for the last decades, the endless and continuous 

immigration across the Mediterranean Sea. The main objective of the project is 

to prevent those immigrants to drown on the sea through surveillance of the 

seas and oceans. 

The project not only focuses the immigrants, but the UAV may also be used to 

track down shipwrecked swimmers and fishermen. Furthermore, the payload 

equipped allows the drone to take part into any other surveillance mission 

located in the high seas, such as environmental disasters or illegal transport, 

due to the high range and endurance that the UAV offers. 
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2. Scope 

The scope of this project includes:  

a. Spanish regulations of the UAV industry. 

b. Choice of which mission will be focused on. 

c. Choice of which type of UAV can optimally complete the mission.  

d. Study of the payload required for its purpose. 

e. Study of the capabilities of the UAV. 

f. Study of the main frame and performance. 

g. Conceptual design of the UAV. 

h. Choice of the engine system. 

i. Choice of the propeller blades. 

j. Aerodynamic analysis using XFLR5 software. 

k. Material’s selection. 

l. Structural analysis of the internal structure of the wing. 

m. Structural analysis of the internal structure of the horizontal stabilizer. 

n. Choice of the landing gear manufacturer. 

o. Environmental impact. 

p. Technical approach of the project feasibility. 

q. 3D model using Solid Works software. 

r. Printed scaled model. 

The scope of this project does not include: 

a. Operation outside the Spanish territory. 

b. Engine design. 

c. Electronic and electric circuit design. 

d. Propeller design. 

e. Payload design. 

f. Landing gear design. 

g. Fuselage aerodynamic and structural analysis. 

h. Structural vertical stabilizer analysis. 
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3. Background 

3.1. Legal framework 

A little approach to the Spanish legal framework has been done in order to 

classify the UAV and take into account some regulations such as the 

responsibility and the pilot requirements16.   

3.1.1. Responsibilities 

The pilot of the drone is always responsible of: 

 The UAV and its operation. 

 The fulfilment of the other laws related to the operation. For example the 

data protection or the use of the radio electric spectre.  

 The damage caused by the UAV or the operation 

3.1.2. Regulations 

It is forbidden to fly a drone in a city or any place with people. The UAVs are 

only allowed to fly when the pilot is the only person nearby. 

Furthermore, all the drones must have an identification plate fixed on its 

structure which must contain the following information: 

 The identification of the aircraft using the specific designation. 

 The serial number. 

 The name of the operator company. 

 The necessary data to establish contact with the operators.  

Once those two main points are set, it is important to notice that UAV’s can 

flight under certain conditions.  

3.1.2.1. Technical or scientific flights  

Any technical or scientific flight must fulfil and follow the following rules: 

 The operation must be carried out during day time. UAVs are not allowed 

to flight at night. 

 The operator has to have the documentation of the UAVs that he is going 

to make us of. 
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 The possession of the Operations Manual that contains the processes of 

the operation. 

 The need of an aeronautical study of security of the area of operation or 

the operation itself. 

 The successful completion of the test flights. 

 Follow the maintenance programme given by the manufacturer. 

 The pilot must fulfil the requirements given to him.  

 An insurance policy or another financial guarantee which have to cover 

all the civil responsibility due to the harm made by the UAV. 

 Take all the necessary steps to protect the UAV from external 

interferences that may take control or disorient the drone.  

  Make use of all the additional measures needed to guarantee the 

protection of people and goods around the operation point.  

 The operation must be done in a minimum distance of 8km away from 

any airport or airdrome. 

Those requirements must be followed by any drone. However, more regulations 

must be fulfilled depending on the UAV’s takeoff weight. 

Less than 2kg 

Instruments and sensors to show the pilot the position of the drone are a must. 

They can fly outside the vision range of the pilot but within the rage of radio 

control station and a limited height of 120m, outside crowded places and inside 

the uncontrolled airspace. Also, a NOTAM is required to inform the other people 

about you operation point and schedule.  

From 2kg to less than 25kg 

The drone must fly inside the vision range of the pilot, without exceeding 500m 

length and 120m height, outside crowded places and inside the uncontrolled 

airspace. 

Heavier than 25kg  

Those UAVs must be catalogued in the Registration office of aircrafts and they 

must have the Certificate of airworthiness by the EASA to be able to fly. In 

addition, they can only fly in the uncontrolled airspace.  
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3.1.2.2. Experimental flights 

This category includes: 

 Testing flights that concern the maintenance and the production of UAVs, 

done by the manufacturers or maintenance organizers. 

 Demonstration flights not opened to any public except to potential clients 

or assessment groups. 

 Spanish or European investigation programs which may show the 

viability of new vehicles. 

 I+D flights. 

 Testing flights needed to verify the security and reliability of the drone. 

Furthermore, those flights will require all the rules shown in the technical or 

scientific flights except for the Operations manual, the testing flights needed and 

the maintenance program. 

3.1.2.3. Previous communication  

Less than 25kg 

All the drones which have a takeoff weight lower than 25kg must send a 

communication to AESA 5 days before the start of the operation. This 

communication must include: 

 The identification data of the operator. 

 A description of the UAV used. 

 The type of work that is going to be done and the type of flights that will 

be executed. 

 The conditions or limitations of the operation or the flight. 

 Higher than 25kg 

Any operation done by these UAV must have the previous authorization of the 

State Agency of Aerial Security.  
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3.1.3. Pilot requirements 

The pilot must fulfil the following requirements: 

 Posses a valid pilot license accredited by one of the companies designed 

by the Government. 

 Demonstrate that the theoretical knowledge is acquired.  

 In case of UAVs with a MTOW inferior to 25kg, if the drone flies in the 

vision range of the pilot, the basic certificate of civil aircrafts remote 

controlled is needed. If the UAV flies outside the vision range, then the 

pilot must accredit having the advanced certificate.   

 A document that accredits having completed the practical knowledge 

required depending on the type of UAV. 

If the pilot does not have the license, at least, he has to fulfil the following 

requirements: 

 Having more than 18 years old.  

 From UAVs up to 25kg, the basic medical certificate is a must. 

 The drivers of UAVs that exceed the MTOW of 25kg will require the 

Class 2 medical certificate. 
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3.2. Surveillance and rescue missions 

3.2.1. Salvamento Marítimo 

The Spanish official organism in charge of the rescues is the entity called 

Salvamento Marítimo. It is a public business entity, under the Ministry of 

Development, which has a team of more than 1500 workers, alert 24 hours to 

respond to all emergencies that may arise at sea. Since its creation in 1993, 

they did not only invest in sea rescue but also in preventing the seas pollution 

and the control of sea traffic1.  

3.2.1.1. Bases and centres 

Coordination is a key point when someone’s life is in danger, even more, 

considering the large amount of employers that work in Salvamento Marítimo. 

Therefore, the need of some strategically bases and some coordination centres 

are required: 

 There are up to six strategically and sub-aquatic bases distributed along 

the Spanish coasts where rescue and antipollution material are kept to 

be able to successfully complete the mission in the shortest time 

possible.  

 There are nineteen coordination centres distributed along the Spanish 

seaside to ease the rescue process and the National Coordination 

Centre of Rescue located in Madrid.   

 There is also the Centre for Integral Maritime Safety (CESEMI) in Gijón. 

It provides specialized training in safety, maritime and environment. 

 

Figure 1: Simulation in the CESEMI. 
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3.2.1.2. Fleet  

The fleet is divided into two different groups depending on the type of vehicle 

they are. 

Maritime fleet 

This fleet is composed of four multi-purpose vessels which can do both recue 

and fight against the sea pollution, ten tugboats used on rescue missions, four 

boats called “Guardamares” and fifty-five fast boats called “Salvamares”. All 

those boats do not have any specific base of operation; their location depends 

on the time of the year and the orders from the coordination centres.  

 

Figure 2: Two “Guardamares” patrolling in the high seas. 

Aerial fleet 

The aerial fleet is composed of eleven helicopters and three planes. Those 

kinds of units are ideal when the mission requires accuracy and speed due to 

the dangerous circumstances of the rescue.  

The helicopters are divided in two different groups depending on its dimensions. 

Nine of those eleven are medium sized and the other two are big sized. The 

bases of those helicopters are in: Jerez, Gijón, Gando, Tenerife Sur, Santiago 

de Compostela, A Coruña, Valencia, Reus, Almería, Santander and Baleares. 

Due to its big importance in the mission, those vehicles have an assigned crew 

twenty-four hours a day in order to reduce the time of action. 



Study of a feasible solution for a specific mission 
with an Unmanned Air Vehicle (UAV/RPAS)  

 

- 15 - 
 

 

Figure 3: Salvamento Marítimo medium sized helicopters. 

Moving on to the three planes, the EADS-CASA CN 235-300 is a medium size 

plane equipped with the most advanced technology to be able to analyse the 

seas surface at any height. Those planes perform patrol missions of up to nine 

hours, which enables them to have an operational range of about 1853km flying 

at 437km/h. 

 

Figure 4: EADS-CASA CN 235-300. 
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3.2.2. Servicio de Guardacostas de Galicia 

It is an agency in charge of the coast guard, fishing surveillance, search and 

rescue and protection of the marine environment in the waters of the 

Autonomous Community of Galicia. Since it was created in 2004, it is a fairly 

new company2. 

Their fleet is composed of: 

 Twenty-six maritime units including tugboats and motorboats. 

 Three aerial units which two of them are Sikorsky S-76 Spirit, commonly 

known as Pesca 1 and Pesca 2, and one Eurocopter Dauphin reted from 

INAER. 

 

Figure 5: Pesca 1 waiting for any emergency. 

3.2.3. Red Cross 

The Red Cross international humanitarian movement has a great impact on the 

search and rescue missions near the coast and in the beaches. Over 200 

beaches are under Red Cross vigilance all over Spain. All the lifeguards are 

being taught some specific and technical knowledge related to first aid and 

maritime surveillance. When it comes to rescue, the Red Cross has a large fleet 

of motorboats located all along the Spanish coast that allows them to rescue 

any close shipwreck in short time once the objective coordinates are spotted. 

Their cruise speed is 42km/h. 

https://es.wikipedia.org/wiki/Sikorsky_S-76_Spirit
https://es.wikipedia.org/wiki/Eurocopter_Dauphin
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3.2.4. Vodafone – Microdornes - Green solutions 

These three companies have different projects but they both share the same 

main idea. Its main objective is to provide a medium sized quadcopter or 

hexacopter UAV with a floater. The drone, operated by a specially trained 

lifeguard, is going to fly as quickly as possible to the people in danger of 

drowning and after launching the floater, is going to get back to its initial place in 

the beach. While the drone is going back, the lifeguard will be able to start its 

standard procedure of rescue with the difference that there is some extra time 

due to the floater thrown by the UAV3–5.  

This method is quite effective since it has been proved that the drone can reach 

the people in danger before the traditional lifeguard’s methods even in bad 

weather conditions. Thus, it does not put at risk any other life if the 

environmental conditions are not favourable.   

Considering the three companies, their UAV’s have an average autonomy of 20 

minutes, a maximum payload of 2kg, a cruise speed of 12m/s and cannot flight 

outside the range of vision of the pilot. 

 

3.2.5. Sincratech 

This company has invested a lot of money and time in their project called 

Poseidron since its victory in the European Satellite Navigation Competition 

(ESNC) in 20156.  

The octocopter is provided with a thermal camera, a telecommunication system 

that alerts the nearest recue centre and a self-inflating raft with a maximum 

capacity of fifteen people. It has a diameter of 4m and a MTOW of 150kg. 

Furthermore, it is able to fly at the speed of 180km/h and a fairly high autonomy 

of 180 minutes despite its weight and huge dimensions. 
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3.2.6. Tekever 

This Portuguese military company has developed a fixed wing UAV called AR3 

NET RAY with the following specifications: a wingspan of 3.2m, MTOW of 22kg 

and a maximum payload of 8kg, an endurance of 10 hours and a cruise speed 

of 120km/h. Unleaded petrol is used as fuel in a two piston engine. The UAV is 

launched making use of a portable catapult of 3.5m and its landing method is by 

a parachute or a net. Due to its little dimensions and launching and landing 

method, it can use ships as a mobile operative base7.  

 

Figure 6: AR3 NET RAY on its launcher catapult. 

3.2.7. Tecnam-Indra 

The Italian company Tecnam together with the Spanish company Indra have 

recently developed a plane named P2006T MRI. The plane has a wing span of 

11m and a length of 8.7m. It uses a twin engine of four cylinder four stroke 

Rotax 912S3 of 100hp each. Also, the fully retracting landing gear allows the 

installation of multiple sensors on the belly avoiding reflections, obstacles and 

interferences thus maximizing the sensors performance. Due to its high fuel 

capacity, the plane is able to fly a maximum of 6 hours. Its maxim cruise speed 

is 278 km/h and its MTOW is 1230 kg.  

Its payload is basically the Seaspray 5000E Active Electronically Scanned Array 

(AESA) multi-mode surveillance radar from SELEX Galileo, a High Definition 

electro-optical camera from FLIR SYSTEMS equipped with Infrared and CCD 

sensors and an AIS (Automatic Identification System) transponder highly used 

in search and rescue missions8. 
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3.2.8. Alpha Unmanned Systems  

This Spanish company has recently taken part into an emergency simulation 

together with Salvamento Marítimo in order to test the efficiency of its new 

product. The drone, called Alpha 800, has the shape of a little helicopter and a 

MTOW of 14kg. Its configuration allows 3kg of payload, 2 hours and a half of 

autonomy and an operative range of 30km9.  

The key point that makes this UAV a viable solution is that being able to 

perform vertical takeoff and landing (VTOL) allows this little drone to have a 

mobile operative base such as a medium or big sized ship. This feature enables 

the ship to track down a higher area in less time.  

 

Figure 7: Alpha 800 by Alpha Unmanned Systems. 

3.2.9. Summarizing tables 

After all that market research shown, two tables are made in order to simplify 

and easily recognize what task and services offer each company depending on 

their plane, helicopter or UAV.  

The first table will shows the jobs that are done without the help of any drone.  

The second one is only about UAV’s and drones. The table divides the vehicles 

into four groups:  

 Depending on the distance of action: High seas or near the cost. 

 Depending on the type of mission: Search or rescue. 
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 Vigilance Rescue 

Cost 

 

Red Cross                  Lifeguards  

 

Salvamento Marítimo 

4 Guardamares  

55 Salvamares 

 

 

Red Cross 

Motorboats 

High 

seas 

 

3  CN 235-300 

 

Salvamento 

Marítimo 

9 Aw139 

1 EC225 

1 S61N 

 

Guardacostas de Galicia 

2 Sikorsky S-76 Spirit 

1 Eurocopter Dauphin 

https://es.wikipedia.org/wiki/Sikorsky_S-76_Spirit
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UAV Vigilance Rescue 

Cost 

  

 

Vodafone One  

 

 

Microdrones – MD4 -1000 

 

 

Green solution – Perseo project 

High 

seas 

  

 

Aplha 800 UAS 

 

AR3 NET RAY 

TECNAM -INDRA 

 

P2006T MRI 
 

Sincratech – Poseidron project 
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4. Proposed solution 

Now that the background is known, the next step is to choose what type of 

missions is the UAV going to do and which configuration synergises better with 

the payload requirements.   

As it can be seen on the tables summarizing the background section, generally 

the helicopters and boats are used on the rescue missions on the high seas 

while the airplanes or fixed wing UAV are used on surveillance. On the other 

hand, when it comes to the coast, the surveillance is monitored by lifeguards 

and the rescue is mainly done by motorboats and little- medium sized ships.    

The surveillance of the high seas has been target as a weak point due to the 

fact that even thought that the market is covered by Tecnam-Indra, the main 

purpose of this aircraft was not to monitor the seas. Thus, the drone is not 

optimal for its task. Taking advantage of that matter, a new UAV is going to be 

conceptually designed in order to successfully fulfil its expectations in a more 

efficient way.   

As the background has proved, the best way of long endurance surveillance is 

by a fixed wing aircraft. This is the configuration that will be used in order to 

face the problem.  
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5. Payload  

Knowing what type of UAV is going to be designed, the first step is to select 

what payload will be chosen in order to carry out the mission and what other 

tools can be added in order to increase its accuracy and performance. 

5.1. Optical and thermal camera 

The FLIR MU/MV series are the state of the art of the market when it comes to 

thermal vision. The MV model is more affordable than the MU model, which is 

equipped with a higher quality thermal camera. The model MV-604C includes a 

high-resolution 640 x 480 pixel thermal camera with a 14X optical zoom 

between a 24.5º and a 4º field of view. There is also a high-resolution 550-line 

colour camera with a 28X optical zoom.  The model MV-604CL also includes a 

black and white low light camera with an optical zoom of 10X. Both models 

include a gyro-stabilization to provide clearer long-range imaging. The camera 

has also software called video tracking which allows us to follow object as long 

as they are in camera view10. 

It has a weight of 27kg and its dimensions are 508mm width and 454 mm 

height. MV model has a range performance of 4.3km with small targets and 

8.6km for small vessels.  

 

Figure 8: Frontal image of the FLIR MU. 
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5.2. Maritime radar 

The PicoSAR radar makes use of the AESA technology in a small, compact 

configuration. Using low power, solid state Transmit/Receive Modules (TRM) 

within its array, the PicoSAR is more reliable than the conventional radar 

systems. Its compact size, low weight and low power consumption allows 

parallel installation of other electro-optical, infrared o thermal sensors on 

platforms with limited payload. Has a maximum range of 20km and a map 

resolution of <1m. Has an interface connector to GPS and 28V DC power and 

Ethernet. Has a total weight of 10kg and a power consumption of <300W11. 

 

Figure 9: PicoSAR antenna and PicoSAR processor. 

5.3. Tracking system 

The SMART6 integrates NovAtel's OEM6 receiver and Pinwheel antenna 

technologies in a single housing. Software upgradable, the SMART6 eliminates 

the need for costly hardware replacement as requirements change, while 

delivering scalable accuracy and performance. The system can operate with the 

GPS, GLONASS, Galileo and BeiDou constellations. Its weigh is 500g12.  

 

Figure 10: SMART 6 tracking system. 
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5.4. Automatic Identification System (AIS) receiver 

The AIS receiver is an automatic tracking system used for collision avoidance 

on ships and by vessel traffic services (VTS). When satellites are used to detect 

AIS signatures, the term Satellite-AIS (S-AIS) is used. AIS information 

supplements marine radar, which continues to be the primary method of 

collision avoidance for water transport. The AIS provides the following 

information of each ship: identification, position, course and speed displaying 

them on a screen or an electronic chart display and information system. 

The International Maritime Organization's International Convention for the 

Safety of Life at Sea requires AIS to be fitted aboard international voyaging 

ships with gross tonnage (GT) of 300 or more, and all passenger ships 

regardless of size.  

 

Figure 11: Image displayed on a screen connected to an AIS system. 

The AIS selected for the UAV is the Raymarine AIS350 Receiver E32157.Its 

operative Voltage is between 9.6V and 31.2V DC and has a weight of 280g13.  

 

Figure 12: Raymarine AIS350 Receiver font view. 

https://en.wikipedia.org/wiki/Vessel_traffic_service
https://en.wikipedia.org/wiki/Marine_radar
https://en.wikipedia.org/wiki/International_Convention_for_the_Safety_of_Life_at_Sea
https://en.wikipedia.org/wiki/International_Convention_for_the_Safety_of_Life_at_Sea
https://en.wikipedia.org/wiki/Gross_tonnage
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5.5. Communication package 

The communication package is divided into two different sections: 

 CNPC link. 

 Payload link. 

5.5.1. CNPC link 

CNPC stand for Control and Non-Payload communication. As the name 

indicates, this link operates with all the signals related with the control of the 

UAV and other signals that are not payload related. The distinction of links has 

to be done since the international Civil Aviation Organization (ICAO) decided 

that the CNPC communication must operate over protected spectrum14.  That 

spectrum is placed through the International Telecommunications Union. The 

spectrum selected for the CNPC “Beyond Line of Sight” (BLoS) is 56MHz15. 

5.5.2. Payload link 

Unlike the CNPC link, the payload link has no bandwidth restrictions and 

contains all the data obtained by the cameras, the tracking positioning and the 

radar. 

The company in charge of both communication packages will be SATCOM-

services due to their experience on satellite communications. 
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6. Propulsion system 

6.1. Engine selection 

The propulsion plant installed in the UAV is going to be the UL350iS as a result 

of the engine that got more points in the OWA decision done in the 

attachments. Despite the fact that it has the highest weight, if it is used at low 

rpm, its specific fuel consumption is the lowest by far as it is shown in the 

following figure given by the manufacturer: 

 

Figure 13: Specific power consumption vs revolutions per minute. 

Despite the fact that 2200 is the minimum rpm shown in the graph, the engine is 

still able to perform at lower rpm but there is no specific power consumption 

data available. However, as the following figure shows, the engine has an 

approximate power of 95 hp working at 2200 rpm. 

 

Figure 14: Power and torque performance vs revolutions per minute. 
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6.2. Propeller selection 

The propeller selected for the UAV is the GA-UL350-3B model manufactured by 

Whirlwind propellers. The Whirlwind GA propeller series are ground pitch 

adjustable aircraft propellers featuring advanced aerodynamic and composite 

design. The blade design is optimized for maximum efficiency and minimum 

noise. The blade structure is manufactured from thermoset epoxy/graphite 

composite matrix17. The next table shows its parameters: 

GA- UL 350- 3B Number of blades 3 

Diameter (m) 1.68 

Weight (Kg) 5.9 

Max RPM 3300 – 5 min 

Max RPM continuous 3000 

HP 130 

Price (€) 2230 

Table 1: Propeller configuration and parameters. 

The 3 blades configuration has been chosen over the 2 blades because the 

three advantages that it provides overcome the main disadvantage. The 

reduction on the blades diameter, the reduction of noise and the reduction of 

the vibrations are considered to be more important than the increase of weight 

due to the addition of a third blade on the propeller. 

 

Figure 15: Three bladed Whirlwind GA propeller. 
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6.3. Spinner 

The Whirlwind spinner is constructed from carbon fiber and glass fiber epoxy 

matrix with balance layup. This insures a light weight and a high reliability. Each 

spinner is defined by its base radius. 

 

Figure 16: Range of spinners offered by Whirlwind. 

The spinner installed in our UAV is the yellow one with a diameter of 0.3m 

because its configuration adapts to the trailing edge of the fuselage the most.    

6.4. Engine position 

The engine is positioned in the end of the UAV for two main reasons: 

1. Due to the fuselage shape and the characteristics of our payload, the 

optimal position to place the thermal and optical camera and the radar is 

in the leading edge of the fuselage in order to amplify the vision range.  

2. Putting the engine in the leading edge will reduce the aerodynamic 

efficiency of the wing and the tail due to an alteration of the air flux.   
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7. Aerodynamics  

7.1. Configuration of the aircraft 

The first step is to make some decisions about the general shape and structure 

of the plane: 

 Medium-low wing: Due to the fact that there is no need of a big cabin in 

the body of the plane, the low wing is not a viable option. The high wing 

has been considered because of the fact that it gives a higher 

aerodynamic efficiency. However, the downside of the landing gear and 

the additional difficulties that it gives to the wing-fuselage joint made the 

high wing configuration a less efficient option. 

 Cruciform tail: Due to the fact that the engine will be placed on the trailing 

edge of the fuselage, the conventional wing was not an option. 

Furthermore, for the same reason, the T-tail may have some structural 

problems on its root, the place where the engine is located. Thus, the 

cruciform tail has been chosen since it avoids the engine interference.   

7.2. Wing 

Wing design must take into account a wide variety of factors besides purely 

aerodynamic aspects. These factors include structural design, regarding critical 

aerodynamic loads and weight limitations; the incorporation of high-lift devices; 

as well as other factors. 

The required process to obtain such a perfectly optimized wing would include 

thousands of iterations and a massive amount of working hours in order to 

program them properly. Therefore, in order to accelerate the process, the wing 

has been designed prioritizing the following parameters:  

 Maximum efficiency during cruise flight.  

 Maximum lift during take-off and landing.  

 Making use of uncomplicated platform shapes in order to reduce the 

complexity make the process less time consuming.  

The final criteria adopted lie on a low fuel consumption in order to obtain the 

maximum endurance that the project requires. 
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7.2.1. Airfoil 

The airfoil is a crucial decision due to the high impact that it has on the total lift 

and the total drag generated by the plane. Since efficiency is one of the main 

goals of the project, the study and analysis done in order to choose the airfoil 

have an extremely high importance. 

The software used in order to compare the performance of each airfoil is the 

program called XFLR5. After creating and analysing a plane with equal 

parameters for each airfoil, the result is a bunch of figures and diagrams that 

will allow us to compare them by applying the OWA method.  

The characteristics taken into account in the OWA are: 

o Maximum efficiency. Due to the importance of having a big lift to drag 

ratio due to the influence on the endurance, take off distance, etc. This 

factor is given an extremely importance during the OWA. 

o Minimum stall speed. Since the stall speed is the minimum speed at 

which the plane can fly, the lower value it is, the lower take off distance is 

needed. Thus, stall speed has to be minimized in order to ease the take 

off performance. 

o Minimum thickness. Due to the fact that our UAV is not going to keep 

some fuel on the wing since it has enough space on the fuselage, the 

minimum thickness is going to guarantee us a better aerodynamic 

performance. 

As shown in the attachments, the airfoil that suits and fulfils our conditions the 

most is the Clark Y airfoil, which has the following parameters: 

Clark y Thickness (%) 11.71 

Position max thickness (%) 28.28 

Camber (%) 3.43 

Position max camber (%) 42.42 

Table 2: Clark y parameters. 

One figure will also be shown in order to clearly understand and define the 

airfoil shape18: 
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Figure 17: Clark Y shape escaled. 

7.2.2. Wing shape 

Once the airfoil selection is over, the next step is to optimize the wing shape, 

the twist and the dihedral. 

The wing shape final configuration is the following: 

Wing configuration Root Chord (m) 2 

Tip Chord (m) 1 

Wingspan (m) 7.5 

Area (m2) 11.25 

Aspect ratio  5.0 

Taper ratio 0.5 

Tilt angle (º) 1 

Twist (º) -2 

Dihedral (º) 0 

 Table 3: Wing configuration. 

The discussion of this wing configuration is further explained in the attachments. 

Now, two wing models will be shown. The first figure shows the wing model 

used on the aerodynamic study on the XFLR5 software which only includes the 

wing and tail configurations. Secondly, the final 3D model obtained using Solid 

Works which include the fuselage, the dorsal fin, the winglets, etc. 
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Figure 18: Wing and tail configuration model used on XFL5 analysis. 

 

Figure 19: Wing and tail configuration 3D model. 

7.2.3. Control surfaces 

In order to calculate the control surface of the wing, the theory and one example 

has been followed19.  Due to the fact that the aileron design is a trial and error 
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process which require some iterations, the tool used in order to calculate the 

dimensions of the aileron is the Microsoft Excel. More details are given in the 

proper section of the attachments.  

The final results obtained are: 

Aileron  Inwards position (m) 5.5 

Outwards position (m) 7.2 

Area (m2) 0.68 

Maximum aileron deflection (º) 20 

Aileron chord vs. airfoil chord (%)  20 

 Table 4: Aileron dimensions. 

Furthermore, a graphic has been plotted in order to obtain the time needed to 

achieve any required Bank angle. The figure obtained is the following: 

 

Figure 20: Bank angle required vs. time. 

7.2.4. High-lift devices 

The plain flaps will be placed from the body until half of the wing because the 

other half will be used to place an aileron in order to control the roll of the UAV. 
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The plain flap has been chosen over the other type of trailing edge flaps due to 

its structural simplicity, reducing the wings weight.  

The flap specifications are the following:  

 Maximum degrees of deflection: 10º. 

 Start position: 70% of the chord. 

Due to the medium-low wing configuration, the flap deflection has been tried to 

be minimized in order to avoid a clash between the flaps and the floor during 

the takeoff and landing performances.   

As we can see in the following image, the flaps will guarantee some extra lift 

during the takeoff and landing performances at the cost of a large amount of 

drag.  

 

Figure 21: Comparative of CL vs. Alpha with flaps and without. 

The yellow line corresponds to the plane without any deflection on the flaps, 

while the grey one is making use of them at 10º. The increase of the CL due to 

the use of flaps is of 0.3, allowing the UAV to reach a higher CLmax of 1.8 at 18º. 
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7.3. Tail 

7.3.1. Horizontal stabilizer 

To determine the geometry of the horizontal stabilizer, some physical and 

aerodynamic restrictions have been applied. The following table has been 

obtained: 

Horizontal stabilizer 

 

Area (m2) 4 

Elevator lever arm (m) 2.31 

Tilt angle (º) -1 

Root Chord (m) 1.25 

Tip Chord (m) 0.75 

 Wingspan (m) 

Airfoil 

4 

NACA 0012 

Table 5: Horizontal stabilizer parameters. 

Only one more parameter is still needed, the tail height. The height chosen in 

order to reduce the induced angle produced by the wing on the tail is 0.6m in 

respect to the x-y plane. Hence, the total distance between the tail and the wing 

is 1m due to the medium-low wing configuration used. 

7.3.1.1. Elevator 

The elevator configuration obtained after solving the takeoff rotation and the 

longitudinal trim requirements is: 

Elevator Inwards position (m) 0.25 

Outwards position (m) 3.75 

Area (m2) 0.875 

Maximum elevator deflection (º) 20 

Elevator chord vs. airfoil root chord (%)  20 

Table 6: Elevator geometrical parameters. 

In order to give more significance to the values shown on the table above, the 

following image of the 3D model made using the Solid Works software is 

attached:   
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Figure 22: Elevator configuration on the 3D model. 

7.3.2. Vertical stabilizer  

The final configuration obtained for the vertical stabilizer is shown in the table 

below: 

Vertical stabilizer 

 

Area (m2) 1.25 

Tilt angle (º) 0 

Root Chord (m) 1.25 

Tip Chord (m) 1 

 Wingspan (m) 1 

 Airfoil NACA 0012 

Table 7: Vertical stabilizer configuration. 

The remaining unknown parameter is the vertical stabilizer height, which will be 

set at 0.65m, slightly higher than the horizontal stabilizer. Furthermore, the 

vertical stabilizer has been set closest to the UAV’s nose in order to increase on 

its control and stability efficiency, taking it out of the horizontal stabilizer wake 

region20. 

A figure of the vertical stabilizer 3D model will be shown: 
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Figure 23: Vertical stabilizer on Solid Works. 

Finally, a perspective of the whole tail will also be attached: 

 

Figure 24: Tail configuration design using Solid Works. 
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7.4. Performance 

In this section, the results of some calculations about the performance of the 

UAV during different actuations will be shown: 

7.4.1. Breguet equations (cruise conditions) 

Since the UAV uses a piston engine, the Breguet equations used in order to 

calculate the range and endurance are the ones expressed in terms of power. 

After integrating the Breguet equations using some hypothesis21, the final 

equations are:  

           
  

  
 
 

 
 
  
  
  
  
  

 

       
  

  

  
  
  
  
  

 

The final values obtained after solving the equations using a Matlab scrip are:  

Endurance 12.5h 

Range 2258Km 

Table 8: Endurance and range values. 

7.4.2. Takeoff 

A short Matlab code was made in order to solve the equations described in the 

attachments during the take off performance22. The result for standard ISA 

conditions and MTOW is a takeoff distance of 282m. 

7.4.3. Landing 

As for the takeoff performance, a little Matlab code has been programmed in 

order to solve the equations explained on the attachments22. The result 

obtained is a landing length of 337m. 
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8. Structures 

8.1. UAV’s weight distribution 

In this section, some of the main UAV weights are going to be given, such as 

the maximum takeoff weight (MTOW), the maximum fuel weight (MFW), the 

operational empty weight (OEW) or the payload weight (PL).  

MTOW (kg) 460 

MFW (kg) 240 

OEW (kg) 180 

PL (Kg) 40 

Table 9: UAV’s weight distribution. 

8.2. Centre of gravity 

Since the centre of gravity has a high importance and a direct impact on the 

stability and control manoeuvres, that calculation must be performed under as 

accurate as possible conditions. In fact, due to the amount of decisions that are 

made after the first centre of gravity is estimated that may alter the initial value, 

the centre of gravity has to be updated regularly, making it an iterative and 

nearly endless process. 

The mass of each component used in order to calculate the centre of gravity is: 

Aircraft components 

 

Wing (kg) 40 

Tail (kg) 20 

Main landing gear (kg) 25 

Leading edge landing gear (kg) 10 

 Engine (kg) 78 

 Propeller (kg) 12 

 Payload (kg) 45 

Fuselage parts: A (kg)  

B (kg) 

C (kg) 

115 

70 

35 

Table 10: UAV components and weights. 
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The fuselage weigh has been divided into 3 sections (A, B and C) due to the 

fact that the fuel is not going to be distributed uniformly along the fuselage. The 

fuel will be kept on the frontal part of the fuselage in order to advance the centre 

of gravity. 

8.2.1. X-axis 

Since the centre of gravity is not equal during the flight due to the fuel 

consumption, the two most critical centres of gravities have been calculated. 

When the UAV is performing the take off at maximum takeoff weight (MTOW): 

                

After all the fuel has been consumed, during the landing performance (Empty 

Weight): 

              

8.2.2. Y-axis 

Due to the fact that the UAV is symmetrical in the x-z plane, the y-axis centre of 

gravity is placed on the x-z plane, our reference. Thus: 

       

8.2.3. Z-axis 

As it is explained on the attachments, the distances on the z-axis work slightly 

different than the x-axis due to the fact that the reference point is the x-y plane 

of symmetry. 

The final value obtained is:  

           

8.3. UAV inertias 

The plane inertias obtained using the tables and method23, are the following: 
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The process is further explained on the attachments.  

8.4. Materials 

The materials decisions are divided into: 

 Internal structure 

 Skin 

An OWA method has been done in order to choose which material fulfils our 

speciation the most.  

The parameters taken into account are: 

 Density. 

 Young’s modulus. 

 Ultimate Tensile Stress (UTS). 

 Yield tensile stress. 

 Shear strength. 

 Elongation at break. 

After performing the internal structure OWA using the Microsoft Excel software 

between 4 aluminium alloys (7075-T6, 7050-T74, 2024-T6 and 7005-T6), the 

winner of the decision method is the aluminium alloy 7075-T6. The explanation 

of the whole OWA calculations can be seen on the attachments.  

Regarding the skin, the candidates were Carbon Fiber Reinforced Polymer 

(CFRP) and 3 aluminium alloys (2024-T3, 6061-T6 and 7075-T6). Unlike the 

internal structure decision process, the skin OWA gives a higher importance to 

the shear stress due to the fact that skin has to work with higher transversal 

loads. The winner of the OWA method is the 2024-T3 aluminium alloy. 

Not only does 2024-T3 present a better performance than the other 

competitors, but also it has a lower carbon footprint on the environment as it 

can be seen on the environmental section.  
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8.5. Wing design 

This section is mainly focused on dimensioning the structural elements of the 

wing. 

8.5.1. Wing loads 

In order to size the structural elements, approximations of the wing loads have 

to be performed in order to obtain some values to work on. To do that, using the 

aerodynamic data, a lift distribution has been approximated using linear 

equations. Adding the contribution of the wing weight and landing gear weight, a 

shear stress analysis has been done. The results obtained are the following 

graph, which shows the shear stress along half of the span: 

 

Figure 25: Shear stress distribution along the wing. 

The highest value is reached on the wing-fuselage union and has a value of 

         

Using the shear stress distribution, the bending moment can also be calculated: 
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Figure 26: Bending moment along the wing. 

The maximum value of bending moment is        . 

8.5.2. Wing box sizing 

The wing box is divided in two elements: 

 Spars. 

 Skin. 

The spars are in charge of supporting the axial stress produced by the bending 

moment and the torque moment, whereas the skin is mainly supporting the 

transversal loads. Since they have two different roles to fulfil, each one requires 

a different material in order to achieve maximum efficiency. 

The spars are going to be made with Aluminium alloy 7075-T6, the material 

decided for the internal structure using the OWA method. The skin will be made 

of 2024-T3 as it was said on the previous section. 

In order to simplify the wing box model, some hypotheses24,25 were used to 

reduce the complexity of the problem. The final model obtained in order to 

analytically solve the problem is:  
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Figure 27: Wing box simplified model. 

The data outputs obtained by solving the process shown in the attachments are 

the following two graphs:  

 

Figure 28: Rear spar area along the wing. 

The slight increase on the cordon area between the position between 0 and 

0.5m may be due to the adopted local lift distribution and its aerodynamic 

interference with the fuselage.  
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Figure 29: Skin thickness along the wing. 

Those two graphs calculate the area of the span and the skin thickness needed 

on each section of the wing. As it can be seen, both graph decrease along the 

wing, which means that the optimal choice is to reduce the amount of area and 

thickness in order to reduce the wings weight. That decrease is due to the 

reduction of the bending moment and shear stress on the tips of the wing. 

8.5.3. Spars dimensions  

After retrieving information on which type of cross section is desired for the 

spars26, the section selected is the “I” cross section, which can be defined by 

four parameters: 

 

Figure 30: “I” cross section. 
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The following table contains the dimensions of the spars depending on their 

position along the wing. As it was mentioned before, the spar section will 

decrease along the span.  

h (m) b (m) d (m) t (m) Upper area (cm2) 

0,226 0,045 0,034 0,023 15,323 

0,218 0,044 0,033 0,022 14,292 

0,211 0,042 0,032 0,021 13,298 

0,203 0,041 0,030 0,020 12,339 

0,195 0,039 0,029 0,020 11,417 

0,187 0,037 0,028 0,019 10,530 

0,180 0,036 0,027 0,018 9,679 

0,172 0,034 0,026 0,017 8,864 

0,164 0,033 0,025 0,016 8,084 

0,156 0,031 0,023 0,016 7,341 

0,149 0,030 0,022 0,015 6,633 

0,141 0,028 0,021 0,014 5,961 

0,133 0,027 0,020 0,013 5,326 

0,126 0,025 0,019 0,013 4,726 

0,118 0,024 0,018 0,012 4,161 

0,110 0,022 0,017 0,011 3,633 

Table 11: Front spar’s dimensions. 

Moving on to the rear spar: 

h (m) b (m) d (m) t (m) Upper area (cm2) 

0,156 0,031 0,023 0,016 7,34 

0,151 0,030 0,023 0,015 6,84 

0,146 0,029 0,022 0,015 6,36 

0,140 0,028 0,021 0,014 5,89 

0,135 0,027 0,020 0,013 5,45 

0,129 0,026 0,019 0,013 5,02 

0,124 0,025 0,019 0,012 4,61 

0,119 0,024 0,018 0,012 4,21 

0,113 0,023 0,017 0,011 3,84 

0,108 0,022 0,016 0,011 3,48 

0,102 0,020 0,015 0,010 3,14 

0,097 0,019 0,015 0,010 2,82 

0,091 0,018 0,014 0,009 2,51 

0,086 0,017 0,013 0,009 2,22 

0,081 0,016 0,012 0,008 1,95 

0,075 0,015 0,011 0,008 1,70 

Table 12: Rear spar’s dimensions. 
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As it is commented on the attachments, the area of the simplification model is 

concentrated on the edges of the spar, thus the upper area is only calculated by 

the parameters “b” and “d”. 

8.5.4. Ribs  

The ribs, which are an also an important structure element of the wing, will have 

the following parameters: 

 Ribs 

 

Material Aluminium 7075-T6 

Thickness (mm) <5 

Spacing (m) 0.4 

Table 13: Ribs structural configuration. 

The reason behind this parameters can be found on the theory explained and 

the results obtained on some experimental data27. 

8.5.5. Computational simulation 

After completing the analytical wing loads distribution, a 3D model of the 

internal structure has been done in order to validate the results obtained. 

The wing structure created with Solid Works is the following:  

 

Figure 31: Internal wing structure. 
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Once the 3D model is completed, the next step is to create a space frame, 

place the loads distribution, choose the correct material and fix the support.  

The results obtained on the simulation are two figures. The first one shows the 

Von Mises stress on the spars and the second one shows the displacement 

suffered due to the loads distribution. The explanation of each of those 

characteristics is widening explained on the attachments. 

 

Figure 32: Von Mises stress distribution. 

 

Figure 33: Displacements along the span. 

As it can be seen on the scale next to the wing structure, the maximum stress is 

         and it is achieved on the wing-fuselage joint. The maximum 

displacement is obtained on the edge of the wing and has a value of       . 
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8.6. Horizontal stabilizer 

In order to simulate the horizontal stabilizer von Mises stress and 

displacements, the same procedure as for the wing has been followed.  

 Firstly, a local lift distribution has been approximated using the XFLR5 

software.  

 Secondly, the maximum bending and shear stress has been computed 

using Microsoft Excel. 

 Thirdly, the spars area has been calculated considering the bending 

moment obtained on the previous process. 

 Fourthly, the area has been used to dimension the spars “I” cross 

section. 

Once these entire steps had been completed, the 3D model was created: 

 

Figure 34: Horizontal stabilizer internal structure. 

Now, the only step left is to run the same simulation used on the wing changing 

the load distribution but using the same fixed support, space frame and 

material.  
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Figure 35: Horizontal stabilizer’s Von Mises stress. 

 

Figure 36: Displacement distribution along the horizontal stabilizer. 

8.7. Landing gear  

The landing gear has an extremely important job during the landing and takeoff 

actuations due to the high stress that suffers while those performances are 

being done. Thus their expense relies more in the maintenance costs rather 

than the initial price. The landing gear systems represent the 6-7% of the total 

MTOW of the aircraft, a slightly higher value than the commercial airplanes, 

which have a general value of 3-5%. 

The landing gear can be described as a retractable tricycle type with one wheel 

on the nose and two in the main landing gear.  

As it was stated on the scope, the landing gear design is not included and 

manufactured. The easiest and less expensive method is to buy some landing 

gear kit that is already in the market and certified by the FAA. Thus some of the 
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parameters of the landing gear such as the material are given by the external 

manufacturer.   

The final landing gear coordinates are: 

Nose landing gear 

 

Material Aluminium 7075-T6 

X-coordinate (m) 1 

Y-coordinate (m) 0 

Height (m) 0.5 

Main landing gear Material Aluminium 7075-T6 

X-coordinate (m) 4.55 

Y-coordinate (m) 0.70 

Height (m) 0.5 

Table 14: Landing gear configuration. 

The x-coordinate distance is referred to the nose of the UAV and the y-

coordinate is in respect to the x-z plane of symmetry of the aircraft. 

The final landing gear kit that will be placed on the UAV is the Lancair’s landing 

gear system. This landing gear not only fulfils our structural requirements and 

configuration demands, but also has a wide range of data available28 and the 

manufacturer is open to any personal requests in case that the landing gear 

may need some modifications. 

 

Figure 37: Main landing gear system. 
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9. Environment 

In this section, some decisions taken will be environmentally justified since the 

environment is also a concern on the modern society. The main issues focused 

will be the engine selection, the number of propeller’s blades and the materials 

used. 

Engine selection:  

As it can be seen on the following table that collects the data from the three 

engines selection, the UL 350iS despite having a higher fuel consumption than 

the Rotax 912 A, the UL has a higher specific fuel consumption, which relates 

the consumption regarding the power output. 

ENGINE UL260i UL350iS Rotax 912 A 

Weight (Kg) 73 78 60 

Power Output (kW) 71 98 60 

Fuel Consumption (l/h) 25 23 15 

Specific fuel consumption (g/Kwh) 180 160 280 

Price [€/unit] 15 094 20140 18185 

Table 15: Engine specifications. 

Number of propellers blade: 

The number of blades has also an influence on the environment regarding the 

noise impact. In order to decide which number of blades will be used, two or 

three, some research has been done in order to choose which one will have a 

smaller environmental impact.  

The experimental data found shows that even that the difference between a two 

bladed propeller and a three bladed is quite little; the three bladed has a slightly 

better performance and noise reduction29. The explanation to that reduction is 

due to the fact that having a three bladed propeller allows a reduction on the 

diameter of the blade. Thus, the air speed at the tip is lower than the two bladed 

with a higher radius as it can be seen on the following equation: 
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Materials: 

The materials selection was a hard task regarding the environmental harm. 

Even though that the OWA decision method gives a clear victory in favour of the 

aluminium alloys when it comes to their mechanical performance, there is a little 

conflict when it comes to carbon foot print. 

In one hand, not only have the aluminium alloys an unlimited source of raw 

material, but there are also a wide range of commercial recyclable processes 

that can guarantee the integrity of the material once the aircraft lifespan is over.  

On the other side of the coin, the carbon fibber reinforced polymers mainly 

come from petrol. That is an important downside due to the high carbon foot 

print that this element has on the environment. Furthermore, despite the fact 

that there are some research projects that can validate the recyclability of the 

CFRP, there is still little commercial recycle process on the current market30. 

However, in favour of the CFRP, it has to be said that due to their lower weight, 

they are able to reduce the fuel consumption during the flight.   

 

 

 

 

 

 

 

 

 

 

 



Study of a feasible solution for a specific mission 
with an Unmanned Air Vehicle (UAV/RPAS)  

 

- 55 - 
 

10. Case study 

Now that some parameters of the UAV have been defined, a little example of 

how the UAV is going to perform its mission will be explained. 

The first step is to look for an aerodrome close to the area that is going to be 

monitored. Furthermore, knowing the takeoff and landing distance, the 

aerodrome has to have a larger runway than the values calculated on the UAV’s 

performance section, which were 282m for the takeoff and 337m for the landing. 

Additionally, the aerodrome also has to have enough space on the hangar and 

the Avgas 100LL has to be one of the fuels available.  

The airdrome that fulfils the four requirements is the private aerodrome in “La 

Axarquía”, Málaga31. The aerodrome asphalt runway has the following 

dimensions: 637x20 m.   

Even though that the initial point has been located, the next step is to choose 

what type of mission will be performed since the UAV can perform more than 

one. For this example, the UAV will perform a routine patrol; however, it can 

also look for shipwrecked ships or monitor a specified area.  

The routine patrol main objective is to look for any unidentified ship using the 

optical and thermal camera. The accuracy is inversely proportional to the 

distance that it has to be monitored. This means that trying to cover a long area 

will result on a poor accuracy while trying to explore a little area will lead to a 

higher precision. 

In this example, the base length that will be covered will be approximately 

900Km. Since the UAV has a range of 2200Km, some extra range will be used 

in order to increase the accuracy of the routine patrol.  

The main path will go from the frontier with Portugal to the city of Cartagena. 

Note that the airdrome of Malaga is places in the middle of the route.  
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Figure 38: Example of routine patrol mission. 

The UAV was specifically designed to endure more than twelve hours in order 

to allow the mission to be done twenty-four hours a day by two drones that will 

work in a rotation process. Thus, when one UAV has completed his daily routine 

patrol, another one will be launched to keep the area monitored. 
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11. Conclusions 

The main objective of designing a high endurance UAV capable of monitoring 

constantly the sea by a two turn rotation has been successfully accomplished. 

This requirement was highly important due to the fact that the UAV will not 

represent any innovation on the actual market if it was not because of the fact 

that two drones can cover up to more than 24 hours of flying time a day.   

Despite the fact that some aspects such as the electronic and electric circuit of 

the UAV are not studied since they are not in the scope of the project, their 

design will not modify the final configuration of the UAV in a significant manner. 

There are still some calculations and analysis that may be performed in order to 

completely define the UAV’s performance while in the air, such as the structural 

and aerodynamic study of the fuselage. However, the study successfully fulfils 

the scope shown above since it was meant to be a preliminary conceptual 

design.    

The whole design process has been a hard task for a single person, not only 

because of the large amount of iterations that have been done in order to 

successfully fit all the calculations and designed parts, but also for the 

complexity behind all the structural and aerodynamic theory.  

Overall, the study has met the requirements and has been develop inside the 

scope. 
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