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1. INTRODUCTION 
 

1.1. PROBLEM STATEMENT 

 

Recently conducted research shows that remote controlled aircraft such as 

airplanes and helicopters are often utilized for surveillance purposes. The 

military often utilize resources such as UAVs (Unmanned Aerial Vehicles) to 

conduct reconnaissance, survei llance and data acquisition missions due to the 

versatility and easy deployment of this type of equipment.  

 

The objective of this project is to address the design of an Unmanned Air 

Vehicle (UAV) capable of Vertical Short Takeoff and Landing (V/STOL) by 

combining both V/STOL and forward flight capabilities.  This duality allows 

for a wider range of applications; where the terrain would not permit a fixed 

wing aircraft to land or takeoff , and one where the flight speed and 

endurance needed is not achieved by  a rotatory wing aircraft.   

 

The desired design will incorporate features such as an integrated camera 

system, and radio modems for real time data collection and transmission. The 

platform  is to be modular in nature, allowing for the complete assembly to be 

easily transported and be flight ready in less than forty five  minutes .  It will 

incorporate features and safety mechanisms that are in compliance with the 

Association of Model Aircraft (AMA) as wells as the Association of Unmanned 

Vehicles Systems I nternational (AUVSI).  
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1.2. MOTIVATION 

 

The proposed aircraft is intended for entry in the 7th Annual Student 

Unmanned Aerial Systems (UAS) competition  which is brought forth by the 

association of unmanned vehicles systems international. The competition  

aims to stimulate and promote interest in UAV innovative technology and 

above all to encourage careers in the field. The competition challenges the 

students to design, fabricate, and demonstrate a system capable of 

completing a specific and independent aerial operation.  Given these 

parameters the objectives of this project are being focused on developing a 

UAV platform that will able to integrate all the necessary features to 

participate in this completion and provide the endurance to successfully 

complete the given task.  

 

At the  2008 HENAAC conference in Huston, Texas , many private companies 

and as well as  government  and federal agencies have clear interest in UAV 

technology. Companies such as Lockheed Martin, Boeing, Northrop 

Grumman, General Dynamics and Rayt heon showed great interest in 

projects like this, where engineering students develop UAS platforms for 

practical applications.  

 

At a personal level, the students involved in this assignment were driven to 

explore all aspects of aircraft design that range f rom conceptual design to 

building techniques and testing approach. In this way, the project can be 

successful in providing the students with firsthand experience on 

development, construction and component integration of an aircraft model 

that are critical for any UAV company to operate successfully.    
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1.3. LITERATURE SURVEY 

 

The UAVs have been part of the aviation field for much of its history. We can 

define an unmanned vehicle as a device being capable of controlled, sustained 

level flight and powered by a jet or reciprocating engine.  This particular type 

of air vehicle is highly attractive for operations in which the risk of a human 

loss is really high, and also, for operations that require high accuracy of 

maneuver. Due to technology limitations the UAVs were limited in sizes and 

appliances; however, because of the improvements of technology during the 

21st century, UAV is now given a greatly expanded role in war fighting, the 

exploring of remote areas, hurricane investigation and track, surveillance 

purpo ses, etc. 

 

The first recorded unmanned vehicle in human history was in 1849, when the 

Austrians attacked Italy  with unmanned balloons loaded with explosives. 

Although balloons don't generally meet today's definition of a UAV, the 

concept was strong enough that once winged aircraft had been invented, the 

effort to fly them unmanned for military purposes was not far  behind. 

Rapidly, during WWI and WWII, the applications for UAVs in war strategies 

improved tremendously when remote controlled missiles were used in the 

first pilotless aircrafts built shortly after the World War I. After war 

applications, remote controll ed vehicles found a profitable field in the 

entertainment. The first remote controlled vehicle accessible to the civil 

community appeared during 1950õs. The new UAVs era started with the 

improvement of telecommunication science and computer capacities. Wit h the 

rapid advancements in electronic technologies UAVs have become suitable for 

uses in the commercial, military and recreational sectors. Most UAVs today 

are used in military and law enforcement agencies where surveillance has 

been their primary functio n. 
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With the increased demand for UAV applications many, UAV design need to 

vary in order to full fill the requirements for its intended use. The project will 

focus on the development of a hybrid UAV consisting of a coaxial system for 

vertical short takeoff  and landings (VSTOL) and a second motor for forward 

flight (FF). Incorporating this dual system the aircraft gains advantages from 

both helicopter hover as well as airplane forward flight. The Seafarer 

Chapter of the Association of Unmanned Vehicles Syste ms International 

(AUVSI) aimed at stimulating and fostering interest in unmanned systems, 

technologies and careers. The focus is on engaging students in systems 

engineering a total solution to a challenging mission, requiring the design, 

fabrication and de monstration of a system capable of completing a specific 

autonomous aerial operation.  The design focus will adhere to the rules and 

regulation as guidelines for design of the aircraft. [ 23] 

 

Unmanned Aerial Vehicles (UAVs) are air vehicles  that can be made  capable 

of autonomous fly, without having intervention of the navigation controls 

from a pilot. Unmanned Aerial Systems (UAS) is a ramification of the UAV 

definition which includes the UAV as well as the payload of the system.  

 

It is important to note th at there is a difference between a UAV and a 

missile. UAVs are capable of controlled, level and sustained flight while being 

powered by an engine; on the other hand, missiles even though they are 

unmanned and capable of being remotely guided, the vehicle i tself is 

considered the weapon and impossible to be reused. In some cases the term 

UAV is also replaced with UAVS which stands for unmanned aircraft vehicle 

systems. Another common named used is UAS (unmanned aircraft systems) 

which was introduced by the U S Navy in order to showcase the fact that the 

applications involve the use of different elements working as a system such 

as ground stations and not just the actual aircraft. UAS has now been 
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adopted by the Federal Aviation Administration to refer to t his generic class 

of mechanisms[15] 

 

UAVs are used in a variety of applications which are mostly military but 

there is also a growing number of civil and commercial uses for UAVs. 

Nowadays there is a wide variety of UAVs that come in all different shapes 

and sizes.  UAVs are often preferred for missions that are too "dull, dirty, or 

dangerous" for manned aircraft.  

 

Complex UAS systems have been possible thanks to the advancements in 

microelectronics, lithium battery technology and composite materials which 

have made them very versatile and used in a wide range of applications such 

as  traffic control, precision agricultural application, forest fire monitoring, 

and border patrol [1 5].  

 

Unmanned Aerial Vehicles, from the Global Hawk to the Predator and also 

the Scan Eagle, have been vital in reducing troopsõ risks by providing a less 

fatal but very effective way of obtaining reconna issance on their 

surroundings [17 ].  

 

The following chart presents a snap shot at the different existent V/STOL 

aircraft designs and c an be used as a quick reference for what has been 

develop in terms of different propulsion systems.  
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Figure 1; V/STOL Aircraft and Propulsion Concepts  
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Market research firm Forecast International claims that the total UAV 

market including air vehicles, ground control equipment and payloads is 

expected to be worth $13.6 billion through 2014. Whereas a paper published 

by World Unmanned Aerial Vehicle Systems Market Profile and Forecast 

2008 Edition suggests that United States  of America  alone will be spending 

three  billion dollars in research and development and five  billion dollars in 

procurement by 2017. The following graph explains the market of UAVs in 

US and the world in near future.  

 

 

Figure 2: World UAV forecast for monetary allocation of research and development funds  
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For the 2008 AUVSI competition sixteen  universities competed and Utah 

State University took top honors with the OSAM -UAV project, which started 

in the summer of 2007, originally as a project for the National Science 

Foundation Research Experience for Undergraduates at Utah State 

Universityõs Center for Self-Organizing an d Intelligent Systems (CSOIS) [18 ]. 

The proposed design of a co-axial system is an inspiration from the Sikorsky õs 

MARINER  (MARINE -Navy Extended -range Reconnaissance) UAV developed 

in conjunction with General Dynamics Information Systems, the Cypher II 

was designed for the Marine Corps and it is currently been tested. The 

Cypher II is the predecessor to the Cypher I created in the late 1980s by 

Sikorsky Aircraft [4]  (both the Cypher I and II are shown in Figure 1 ). The 

small UAV 1.9 meters in diameter named "Cypher", with coaxial rotors inside 

a doughnut -shaped airframe allowed the craft to hover and presented the 

same flight envelope of a helicopter. The Cypher II includes a pusher motor 

and wings attached to the doughnut  shaped body. This new layout allows the 

Cypher II to have the advantages of hover as well as the  speed and range of 

an airplane [16].  

 

  

 

 

 

 

 

 

 

 

Figure 3: Cypher I  
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Other hybrid designs such as the 1959 Vanguard Omniplane from the 

Vanguard Air and Marine Corporation which utilize dual fans on the wings 

for VSTOL as well as a pusher fan at the tail for forward flight. In contrast 

with the Cypher II, the Vanguard was not an UAV and during  forward flight  

covers above the rotors and louvers below the sealed wing for aerodynamic 

lift [16 ], while the Cypher II uses its coaxial rot or for lift during forward 

flight. The des ign proposed in this paper has y et to determine if door and 

louvers will cover the rotors during forward flight.  

 

 

 

 

 

 

 

 

 

Figure 4: Cypher II  

Figure 5: Vanguard Omniplane  
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2. PROJECT FORMULATION 
 

2.1. Overview  

From  the moment that V /STOL aircraft enter the radio controlled industry, 

these models have been recognized for their designers attempt of creating 

more efficient models that combine the agility of a helicopter while retaining 

the efficiency often affiliated t o conventional forward flight airplanes.  The 

target of this project will be to participate in the challenging task of creating 

a machine that is able to combine the best aspects of both V /STOL and 

forward flight aircraft.  

 

Based on the literature survey pr esented on the previous section, there are 

not many types of V /STOL aircraft at the radio control  model scale which is 

proposed in this design project. Another obstacle of easy accessibility for this 

type of design is the fact that most applications have b een developed for 

research and military purposes.  

 

The primary interest  of this group  is to develop a conceptual design that will 

constitute a test bed capable of video surveillance integration that can be 

used by the military and civil industry alike.  

 

2.2. Project Goal 

 

ü The goal of this project is to design and build a V /STOL aircraft that 

can serve as a platform for improvement of video surveillance 

applications.  Also to develop all the tools necessary to the construction 

of the desired aircraft.  
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2.3. Project Objectives  

 

ü First to develop and test a V/STOL platform created from various 

modifications of already existing fixed wing designs  

ü Second to design and build the aircraft from the bottom up utilizing 

custom made tools for the construction stage  

ü Develop the conceptual design of a V/STOL aircraft capable of entering 

the 7 th  annual UAS student competition   

ü Reduce the weight ratio of the aircraft in order to improve the lift and 

power efficiency to enable the platform to perform longer flights  

ü Produce a design capable of autonomous forward flight as well as 

sending live feed video to a ground control station  

 

2.4. Design Specifications  

 

In order to achieve the successful design of the proposed aircraft we need to 

consider all the different components that must be integrated into the 

prototype.  

The principal component specifications to be discussed in the following 

section are:  

 

¶ Power Systems  

¶ Control System  

¶ Camera and Vision Recognition  System 
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*EANC University Paparazzi Project  

Figure 6: System Components*  

Figure 7: System components, integration and typical UAV payload distribution*  
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2.4.1. Power Systems 

 

The selection of the correct motor combination is crucial in order to meet the 

flight time goals as well as the lift capacity for hover.  The initial parameters 

accounted for the motor selection involved an elimination method that 

evaluated the use of an electric motor versus a gas motor , moving on to an  

 

Electric versus Gas  Motor and Others:  

UAVs power systems can vary significantly based on its application. Solar 

powered UAVs are currently been researched in order to provide "perpetual" 

motion with the aid of hi -density polymer batteries for night motion. Also jet 

propulsion and ducted fan ar e common in the hobby realm, while gasoline 

and nitro -methane combustion engines dominate the military and 

government applications.  

 

The best power options available  nowadays have been narrowed  to two: small 

piston engines that run on glow fuel, and elect ric motor systems that include 

a motor, electronic speed control, and rechargeable battery.  

 

Larger planes usually utilize glow or gas engines, while smaller aircraft run 

on electric motors.  One of the benefits of gas engines is that these generally 

produce greater speed and torque and also yield longer flying times.  In 

electric aircraft, the propellers are turned by a motor powered by a 

rechargeable battery .  

 

The design calls for a dual power system. An all electric system using 

Lithium Polymer batt eries and brushless motors will be used. A system using 

combustion engine was considered, however, quickly discarded due to the 

price and extra weight for the system. By using an electric system many 
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problems of tune up are avoided. Furthermore, the coaxia l helicopter market 

is dominated by electric models and thus parts such as gears, pulleys, blades 

and other components are readily available for electric systems.  

 

The VTOL characteristics of the first prototype will be accomplished by 

installing a fan un it consisting of a co -axial mechanism in the center of the 

aircraft; the mechanism will be used for VTOL only and it will be capable of 

flight control via a swash plate to control the lower blades angle of attack. 

The upper blades will provide a resisting force producing a gyroscopic effect 

and keeping the aircraft stable during translation motion. The second power 

system will be used for forward flight only. It will consist of a pusher 

propeller located at the rear of the aircraft.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Coaxial Layout  
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The previous  design tree details the coaxial system layout. A 2 -axis gyro is 

used to assists the v -tail mixer, used to control the counter rotation of the 

blades and the aileron and elevator servos connected to the swash plate.  

 

In the case of the second prototype, we  will use the co -axial system for both 

vertical takeoff  and landing as well as forward flight. In order to accomplish 

the 90° turn required to transition the motor.  

 

Advantages of Contra Rotating Coaxial Rotors:  

 

These designs utilize all their power to dr ive two contra -rotating coaxial 

rotors. Yaw control is achieved by differential thrust between the two rotors. 

Thus no power is wasted in the horizontal plane on a tail stabilizer. Due to 

the second rotor they also have an increased lifting capacity. Howev er, the lift 

is not quite doubled, when comparing the coaxial design with two separate 

rotors, for the same thrust the coaxial design requires approximately 41% 

more power [28].  

 

On a conventional helicopter there is a condition called asymmetrical airflo w 

in forward flight (see figure below). If the rotor is spinning clockwise and the 

helicopter moves forward from a point of hover, it will have a rolling tendency 

towards the retreating blade. This is because the advancing blade has a 

higher airflow than t hat of the retreating blade. In a contra -rotating coaxial 

configuration this effect is equal and opposite on each side and therefore the 

forces cancel out. This improves the stability of the platform. The coaxial 

configuration can be contained in a much sm aller more efficient and robust 

package than other more conventional configurations [31]  
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Figure 9: Asymmetrical Airflow  

 

Brushed versus Brushless Motors:  

 

Initially, R/C models were equipped with brushed motors ð in which brushes 

carry current and spin the rotor ð and used Nickel Cadmium (NiCd) 

batteries. Flying times were around 5 to 10 minutes.  

 

Now, electric systems have been developed to used and take a dvantage of 

brushless motors , rather than brushed,  and yield much better results for 

flying time.  

 

A Brushed Motor has a rotating set of wound wire coils called an armature 

which acts as an electromagnet with two poles. A mechanical rotary switch 

called a commutator reverses the direction of the electric current twice every 

cycle, to flow through the armature so that the poles of the electromagnet 

push and pull against the permanent magnets on the outside of the motor. As 
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the poles of the armature electrom agnet pass the poles of the permanent 

magnets, the commutator reverses the polarity of the armature 

electromagnet. During the instant of switching polarity, inertia keeps the 

classical motor going in the proper direction  [29]  

 

In a brushless system the ele ctronic speed control energizes the motorõs 

electro-magnetic field causing the motor to run. The advantage is that these 

types of motors have less friction, wasted heat and wear.  

 

In 1992, Aveox introduced the first commercially produced brushless motor 

designed for modeling use. The basic operating principle of a brushless motor 

is essentially the same as the more common brushed variety, but the 

construction is quite different. In a brushless motor, the permanent magnets 

are located on the rotor or armatu re, and the windings are stationary and 

attached to the motor's outer case. Since the windings do not rotate, the 

commutation must be done electronically rather than mechanically. A 

microprocessor circuit that includes an integrated electronic speed contro l 

performs this electronic commutation [30]  

 

Brushless motors are more complicated (and hence more expensive) to 

manufacture; so why use them? There are several advantages to a brushless 

motor. First, the heat generated in the windings is more easily dissi pated, 

since the windings are in direct mechanical contact with the motor case 

(which acts as a heat sink/radiator). Cooler running motors are always better. 

Also, since there are no brushes and mechanical commutator to contend with, 

higher motor speeds ar e possible, and the conversion of electrical energy into 

mechanical energy is more efficient. The bottom line is that more of the 

energy stored in your battery pack gets used to turn the propeller . [30]  
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Also rechargeable ba tteries have evolved from NiCd  to higher -capacity 

Nickel -Metal Hydride (NiMH) and then later on surpassed in performance by 

Lithium -Polymer (LiPo) batteries. With LiPo batteries and brushless motors, 

electric flight times and power can approach and even exceed that of glow 

engine. 

 

Mot or Selection  

¶ Prototype I  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10: Prototype I ð Co-axial Motor CR28M  
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The coaxial motor chosen is the CR28M with the following specifications:  

 

Dimension: 28mm x 51mm  

Weight: 79g / 2.83oz  (not including connectors) 

Diameter of shaft: 3.0mm 

Length of front shaft: F10.25mm  

Max power : 17A*2=34A  

Max power:  375W 

KV : 1050rpm/v  

Prop :10*4   or  10*5 

11V 10.5A*2 Thrust:1320g/46.56oz  

ESC Required:  Two 25A 

 

 

The pusher motor for the forward flight system was C28R -1 

 

Weight :57g 

RPM(KV): 1150(180W)  

WorkingCurrent: 6-5A 

Suitable Props: 8x6 to 10x5.5  

Size:28x30mm ǵ:3.175 mm 

WorkingVolt :6-12V Efficiency:81%  

Suggest Controller:  25A 
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¶ Prototype II  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The CR3516-1030 series motor is made for small to medium size models 

weighing 40 to 80 ounces depending on power/weight ratio desired.  

 

Features: 

High Efficiency - High Power - High Torque - Lightweight - Equivalent to .30 

size glow engine.  

 

Specifications: 

 

Weight:  275g, (9.7oz) with prop adapter  

Max Power:  400W, (This is dependent on several factors)  

Max RPM:  12,000 RPM 

Diameter:  35.3mm, (1.39")  

Figure 11: Prototype II ð Co-axial motor CR3516 -1030 
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Length:  34mm(1.34")  

Shaft Diameter:  4.73mm (3/16") front shaft, 9.48mm (3/8") rear shaft  

Motor Mounting Holes:  4 holes, 3.17mm through, on 43mm, (1.7") bolt 

circle  

Maximum Case Temperature:  65oC, (149oF) 

KV=  1030, Rm = .0.035, Io = TBA  

Efficient Operating Current =  30-36 A per rotor, 40A Ma x 15 seconds per 

rotor.  

Suggested Props:  For 3-cell operation APC 12x6P front prop, APC 11x8E 

rear prop  

Battery:  3-cell Lipo that can sustain 70 to 80 amp continuous draw.  

ESC:  Two Phoenix 35 or equivalent. Also needs a MPI 2160 or 2460 Y -

harness to join t he two ESC to throttle channel.  

ESC setting:  Cutoff - soft, Brake - disabled, Throttle type - airplane, fixed 

endpoints.  

 

Operation:  

 

1. Himax Brushless motors require brushless sensorless speed controls. 

Failure to use a brushless sensorless electronic sp eed control (ESC) can result 

in damage to the motor and/or ESC.  

The three wires of the motor can be connected to the three output leads of the 

ESC in any order. Check the direction of rotation of the motor. If the motor 

spins in the wrong direction switch ing any two of the motor wires will reverse 

rotation.  
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2.4.2. Control  Systems 

The idea is to use two autopilots independent of each other and joined by an 

in -house developed mixing board that will control when one system starts 

and stops. Radio modems (Xbee, Xtend) in the 900MHz and 200 -1000mW 

power band have been consider for video  and ground control communications.  

The Attopilot V1.8 was chosen for the Autopilot System . This Attopilot is a 

self contained unit that includes pressure sensor, pitot tube for static and 

dynamic air speed, and GPS chip for navigation. It also includes a ground 

command station (GCS) that allows control of the system via a laptop. The 

GCS can connect to the autopilot and dynamically display the aircraft 

position, velocity, heading, heading error, altitude and power c onsumed using 

the virtual a virtual cockpit. It can also overlay a graph in a map using 

Google Earth . 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Real time UAV track displayed in Google maps  



UAV V/STOL with Augmented Co-Axial Power System                             
EML4905 - Senior Design Project 

Spring 
2009  

 

Florida International University  

Department of Mechanical and Materials Engineering  - 31 - 

Attopilot will be used for FF control and to stabilize  the ai rcraft with the use 

of thermopiles. A second Autopilot, the Paparazzi, had been considered for 

the hover controls . The Paparazzi is an open source autopilot and it can be 

configured to operate a coaxial type aircraft. Paparazzi also uses thermopiles 

for control and it utilizes PID controllers to achieve reliable navigation; a 

given airframe only needs to have these PID values tuned to fly dependably.  

 

In  the first stage of the project the power systems will be tested using 2 

remote controls and two pilots, one controlling VTOL and one FF. Control 

inputs from the pilots will be recorded using the Eagle Tree data loggers, 

along with power consumption. This data will be used to program the mixing 

board.  The diagram below details the logic to be used for the control using 

only human pilots and no assistance from thermopiles or GPS.  

 

 

Figure 13: Stage I tree diagram  

Stage I  
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Once phase I  of the project is completed Stage II will begin. This phase 

consists of 3 main component changes  to the system. The human pilots are 

removed and autopilots are introduced. All the flight stabilization and 

guidance is achieved by the autopilots  and sensors. In order to determine how 

and when to change from forward flight to hover and back, a control board 

will be developed using the data from the stage I testing. Below is a tree 

diagram of the control loops to flight the air craft.  

 

 

Figure 14: Stage II tree diagram  

 

It may be needed to add additional stabilization components to the system. 

Paparazzi can be integrated with an inertial measurement unit (IMU) for 

improved stabilization by replacing the the rmopiles. Another avenue could be 

to use gyros, accelerometers and magnetometers.  

Stage II 

IIII  
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The follow are differences between each stabilizer:  

ü An IMU  may be utilized  whenever correction control of an axis of 

motion is desired. The IMU is usually composed of at least on e sensor 

capable of compensating or correcting a control surface.  

ü The most typical are the gyros, accelerometers and magnetometers. 

Gyros work by detec ting changes in position on a linear axis and 

compensating by providing a pulse that changes the direction of the 

control in the opposite direction of the motion by the same amount of 

displacement.  

ü Accelerometers work sensing changes in acceleration about  a 

particular axis. Accelerometers always sense the pull of gravity and a 

correction or references frame have to be established in order to get 

accurate readings. Although very useful  

ü Magnetometers work by detecting the magnetic field on the earth, and 

giv ing the azimuth reading of the heading. Magnetometers always 

need to be combined another sensor such as gyros or accelerometers in 

order to know the roll, pitch and yaw angles at which the object is with 

respect to the ground in order to make sense of the reading.  

 

Each of the sensors only reads a single axis and we want to make readings on 

a three -dimensional space , so we need to combine one for each axis of 

rotation, hence we could have a 9 -dof IMU if all 3 axis and all 3 sensors are 

employed at the same time.  

  

The thermopiles used in the Autopilot system work by reading a difference in 

temperature between two opposite sides 180° of each other. Usually these 

sensors are mounted on the outside of the aircraft and are paired, two for the 

pitch and two for the roll. As the aircraft tilts the difference in temp erature 
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between the ground and the sky is measured and a correction factor based on 

the difference read is send to the control surface. These sensors are accurate 

to many miles of line of view; however, they do not operate efficiently under 

conditions that  prevent readings such as: indoors, clouds and rain. This 

makes IMU more attractive option for military and commercial applications. 

These systems include the use of autopilots and transmission links by 

satellite or radio waves.  Commercially available aut opilots are used in many 

applications including military operations. For UAV weighing less than 55 

lbs can be well managed by hobbyist units such as the Kestrel, Paparazzi, 

Attopilot and many others. These autopilots are usually guided by the use of 

GPS modules for location and altitude control. Currently due to International 

Traffic in Arms Regulations  (ITAR ) regulations accuracies of 1 -3 meters are 

consider best in line of track for a commercial autopilot.  

 

2.4.3. Camera and Vision Recognition Systems 

A video camera will be used for surveillance and target recognition. The 

camera with zoom will be mounted in a moving platform capable of pan/tilt 

motion. And software will used to analyze the images on the ground station 

using OpenCV or MatLab.  

In regards to the v ision recognition system, the overall schematic will be 

divided in two separate tasks. The first task will handle the data collection 

and character recognition which involves the development of a program 

algorithm capable of detecting patterns and shapes. The second task will be 

to have two separate video downlinks; one in which objects are detected and 

the second one in which a quality image is taken of a chosen target and post 

processed with target location data acquired from GPS input.  
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First Task: Charac ter Recognition  

 

Steps for shape and character recognition:  

1 Preprocessing for images  

 a. color to gray scale  

 b. image preprocessing  

 

Different preprocessing techniques:  

Histogram Equalization  

Å Alters grayscale values of pixels so that they become evenly distributed 

within a defined  grayscale range  

Å The function associates an equal number of pixels per constant 

grayscale interval  

Å Takes full advantage of the available shades of gray  

Å Enhances contrast of the image without modifying the structure  

 

Morphology - Top -Hat Transform  

Objects from an uneven background  

Å Structuring element size should be bigger than the objects to be 

detected 

 

Deblurring  

Å Remove focus blur 

Å Remove motion blur 

 

Frequency Filtering  

Å Remove noise 

Å Remove repetitive patterns  

 



UAV V/STOL with Augmented Co-Axial Power System                             
EML4905 - Senior Design Project 

Spring 
2009  

 

Florida International University  

Department of Mechanical and Materials Engineering  - 36 - 

The choice of the algorithm is base on the characteristic of the image that will 

be processed.  

 

2. Geometric shape segmentation  

Different methods for shape segmentation  

Å Edge detection  

Edge detection shows the edges in the image. In our case, i t will show 

the shape edge and the character edge (under the best condition, 

usually come with noises).  

Å Boundary detection based on threshold  

     It can return the boundary of the parent object (the shape) and the child 

object (the character). This one  is better for our project, which can 

separate the shape and the character directly.  

 

3. Shape recognition  

Å Geometric template matching  

Å Transformation methods  

 

4. Character segmentation  

Through the boundary of the shape, the points inside the shape are located. 

Since the contrast between the shape and the character is obviously, the 

character can be separated easily.  

 

5. Character recognition  

The most common method is to utilize  some tra ining methods, neural 

network or support vector machine. It is important to note  most of those 

character recognition applications are not required to deal  with the rotation  

of the image since it is assumed that the frames are taken always with the 

same angle and overall positioning . In our case, the rotation of the character 
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is required and will be taking in consideration for any future work in 

developing the vision recognition system.  In the case of UAV surveillance the 

pictures can be taken from different  angles and different elevation, therefore, 

it is crucial to employ a vision recognition system that can analyze an image 

in rotational patterns that can be taken from different angles.  

 

The following images are an example of how the character recognition coding 

developed for this project is able to take a given picture and perform 

boundary recognition of the shapes inside the image.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Vision Recognition Test - Original image to be process  

Figure 16: Vision Recognition Test ð Image transferred to grayscale  
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Figure 17: Vision Recognition Test - Results for boundary recognition testing  

Figure 18: Vision Recognition Test - Negative of the image created to enhance contrast  
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Second  Task: Post Data Process  

 

System Architecture  

Figure 19: Post data process flowchart of system architecture  
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System Architecture Description  

 

The ground  control system includes:  

 

¶ Target detection module  

¶ Target recognition module  

¶ Decision making module  

 

Two cameras will be applied in this system. One is used for target detection 

with rather low resolution (DtcCam) and the other is for target recognition 

wi th higher resolution (RcgCam). The function and architecture of each 

module is as below:  

 

Target Detection Module 

 

Target Detection module receives image data from DtcCam and will be 

capable of processing the image with or without human interference and give 

a decision to aerial vehicle with information of target location. The vehicle 

should get the target location information and go to that place with any 

further detection and then shooting wit h RcgCam elaborately.  

 

  

 

 

 

 

Figure 20: Target detection module  

Target 
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Target Recognition Module  

 

When aerial vehicle has arrived at some designated place, Target Recognition 

Module starts to receive image data from RcgCam. The module will be 

capable of sampling the images and do the image recognition.  

 

 

 

Figure 21: Target recognition module  

 

Decision Making Module  

 

Decision making module is made to a display, report and thus provide the 

final result for human to read and analyze during the mission. Currently 

Circular Hough Transform will be applied in TMD and signature algorithm 

would be applied to TRD.   
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2.5. Constraints and Other Considerations  

2.5.1. Weight  Considerations 

 

The most basic goal of this project is to provide a UAV design that will meet 

its performance requirements, offer adequate strength and endurance to 

complete the given task.  It is imperative to the  conceptual design to reach 

these objectives while maintaining a minimum weight for all aircraft 

components. Early aircraft designs were fabricated from bamboo, wood, steel 

tubing, and wire. These materials were employed not only because these were 

readily  available , but also because of their light weight characteristics as 

structural material.  

 

One of the goals of t he project is to be able to achieve  longer flight  times if 

required . In order to achieve this goal more easily special consideration to the 

weight must be taken.  The addition of 2 extra batteries, speed controllers 

and motors increased the wing loading of the aircraft from 41g/dm 2 to 

61.7g/dm2, this is an increased  of about 50.4%. In order to mee t the desire 

flight endurance the wing loading sh ould be as low as possible, since this 

means the airframe is producing the lift and not the power system. In order 

to keep the weight down we are using the lightest possible materials such as 

balsawood, Styrofoam and carbon fiber. The airframe due to the 

modifications was increased from 250g to about 700g which is more than a  

100% increase.  This percentage could have been much higher, however 

through careful planning it has been kept low considering the amount of 

modifications done.  
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3. DESIGN ALTERNATIVES 
 

3.1. Overview  

 

The project was very open -ended in terms of design. There were no minimum 

size restrictions in terms of fiscal dimensions. The only restriction was set by 

the AMA which states the model cannot  be heavier than 55lb. It was decided 

early on that the VSTOL model would be electric and the first prototype was 

to be created in order to test the concept.  

 

Two different coaxial lift mechanisms were proposed and two possible ways 

in which to construct the VSTOL. This separate designs where to be 

compared in terms of cost, feasibility of manufacturing and ease of use.  

 

3.2. Coaxial Design Alternative 1  

 

The first design of the coaxial lift mechanism involved the modification to an 

already existing coaxial set up. I was thought that for the initial tests a Esky 

Lama v4 could be used. This system includes 2 motors that rotate in opposite 

directions and drive a gear which rotates the main blades. The blades that 

this helicopter utilizes are very weak and have fixe d pitch.  

In order to use this system it was thought to create a bracket with variable 

pitch in order to use a standard set of 215mm symmetrical blades. This 

blades offer much more thrust than the stock blades.  

 

The idea of this system is that the top bala nce bar and free spinning top 

blade, make a force that will always want to place the system in equilibrium.  
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Figure 22: Design Alternative I  

 

It can be seen from the image on the left net effect of both blades moving air 

downward. The image on the right details what happens as the swash plate 

moves the lower blade and upper keeps its center. This difference in force will 

cause the aircraft to want to come to stability if no impute is given to the 

swash plate . 

 

3.3. Coaxial Design Alternative 2  

 

The second alternative uses a contra -rotating brushless motor with a direct 

drive shaft. This motor comes with two fixed pitch wooden blades in a 10ó 

diameter. The advantage of this alternative is that the diameter of the blade 

is much sm aller than alternative 1. Also the power rating of the motors is 

much higher. This motor is capable of 375watt and can spin the blades at 

over 8000rpm.  
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The motor is installed using the mounting bracket included at the center line 

of the motor  and using  a gimbal mechanism to produce the vector thrust as 

shown in the below images . 

 

Figure 23: Contra rotating motors  

 

Figure 24: Gimbal Mechanism Simulation  
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3.4. Airframe Design Alternative 1  

 

For the first prototype a two different models already fabricated where 

chosen. Both this models can be easily modified in order to fit the coaxial fan 

units.  

 

Figure 25: Prototype kits (Long -Ez 380 and King Kat 380)  

3.5. Airframe Design Alternativ e 2  

 

For this design a scratch build was planed. The system would need to be 

much larger than the kits used in the previous alternative due to the increase 

in payload. No definite model was thought off but the Grumman Vertigo or 

the Osprey V -22 is a possible solution to the problem.  
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3.6. Airframe Design alternative 3  

 

In the event of failure of the coaxial system and time permitting the 

introduction of a new concept is proposed. The concept will used three lifting 

ducted fans in a delta flaying wing setup. All three motors would provide 

power and an internal vane is used to open and close the output outlet in 

order to direct the thrust to the rear for forward flight or bottom for lift.  

 

 

 

 

Figure 26: Airframe Design Prototype 3  
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3.7. Feasibility Assessment  

 

A metric chart is presented in order to judge which alternative is more 

feasible at the time. An interpretation of the values is explained:  

 

1= Best 

0= Average 

-1= Worst  

 

 

Alternative Cost 
knowledge of 

plane 

Ease of 

modification 
Availability Total 

Long-ez 1 1 0 1 3 

LingKat 1 1 0 0 2 

3 fan system 0 -1 -1 0 -2 

Custom build 0 -1 1 0 0 

Table 1: Comparison between Airframe Alternatives  

 

 

Alternative Cost 
Knowledge of 

system 
ease of installation availability total 

Contra rotating 

motor 1 1 1 1 4 

Dual motor 1 1 0 1 3 

coaxial Lama setup -1 1 -1 1 0 

Table 2: Power system Alternative comparison  
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3.8. Proposed Alternatives  

 

From the proposed power systems alternatives the  one picked would be the 

contra -rotating motor. This decision was made on budget alone. The first 

alternative where a new set of grips was to be used , the cost to manufacture 

was $250 compared to $55 for the second alternative.  

The long -EZ 380 would be th e one chosen base on the rear motor and ease of 

modification.   
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4. PROJECT MANAGEMENT 
 

4.1. Overview  

 

Project management plays a crucial role and it is mostly responsible for the 

successful execution of any design project. This process involves the planning,  

monitoring and control of all aspects and processes of the project whether 

directly or indirectly. Project management is a complex undertaking, with 

many stages and processes. It should follow the full business lifecycle, from 

definition and justification  of the project, through to delivering demonstrable 

benefits for the business.  

 

Given the ambitious nature of this design project, it is of foremost importance 

to evaluate and determine attainable goals that can mark the progress of the 

design as the timel ine evolves. In order to make sure that all the related task 

are completed, a timeline has been set and the work load has bee n equally 

distributed among all the team members.  To gain a better of understanding 

of the project management involve with this pr oject, a brief description of the 

responsibilities and desired timeline are presented in the following sections.  

4.2. Breakdown of Responsibilities  

 

The project consists of the creation of a hybrid UAV capable of VSTOL using 

an augmented coaxial dual power syst em. Cindy Cerna will carry out the 

task of calculating the power and thrust requirements for the coaxial system 

to perform vertical take off with a flight weight of 6 lbs and a payload of 2 lbs 

for a combined weight of 8 lbs. Also, Cindy will be doing calc ulations for the 

pusher motor that will provide forward flight (FF)  to the aircraft.  
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The power system design will consists of performing cost analysis for various 

power system combinations. Also choosing an appropriate system based on 

size, weight and power constrains. Along with the components selection, will 

be an air flow analysis in or der to determine the optimal airflow needed to 

achieve the required thrust. This analysis will aid in the design of the 

airframe to accommodate the power system and allow its optimal 

performance.  

 

In order to have a successful VSTOL UAV a control system n eeds to be design 

in order to have accurate and precise command of the aircraft. Hillar Lago 

will be designing the control mechanisms of the project. The control 

mechanism of the UAV will be divided into two subsystems, one for VSTOL 

and one for FF. The co ntrols for VSTOL include the coaxial mechanism and 

swash plate mechanics. The FF includes all the aircraft controls such as 

ailerons, elevators, flaps and rudder. Since all of the controls need to work in 

harmony with each other the over design of the airf rame will also be include 

as part of the control surfaces. The UAV will also have autonomous 

capabilities; Hillar will be performing cost and performance analysis in order 

to determine the best autopilot to control the aircraft.  

 

The design is expected to be functional and easily transported. This means 

that a modular design will be implemented. Lewis Marquez  will be the 3D 

rendering designer, using inputs from the power system and from the 

airframe; a 3D model will be created. This model will be design in parts in 

order to create a blue print of the model for construction and to be easily 

adjusted and modify. The airframe design is comprise of four main areas: the 

wings, the fuselage, payload bays and the coaxial augmented unit for power 

systems. 
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4.3. Organizat ion of Work and Timeline  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Timeline scope for entire project  

 

The work was divided into two semesters Fall 2008 and Spring 2009. The 

first part consisted in defining the project, members, literature survey  and 

overall organization of the project. Much of the literature survey has been 

collected and parts for building a prototype have been ordered. A prototype is 

schedule to be finished by late December and testing will begging in early 

January, bringing the  beginning to the second part of the project. After 

analysis and testing of the prototype is completed Phase II of the project will 

be build and a completed model is expected by early April  
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5. ENGINEERING DESIGN AND ANALYSIS 
 

5.1. Airframe analysis  

 

In our analysi s of airframe design we consider a significant amount of 

conditions that include payload capacity, weight control, material 

availability, structural strength, reliability and cost. It seems fair to 

determine that in the scope of this project it is not poss ible to evaluate every 

single aspect of airframe design for model aircraft. In view of this, significant 

criteria will be presented to justify the choices made for out particular design.  

In an aircraft the term airframe makes reference to the basic mechani cal 

structure of the model. Airframe design presents in itself a challenging field 

since it combines aerodynamics, material technology and manufacturing. We 

must considered special aircraft configurations in order to create a design 

that will meet the desi rable operational requirements of this project. Wind 

tunnel experiments, computational fluid dynamics, mathematical analysis, 

and flight research are all important methods that help inform the judgment 

of those individuals conceiving a new aircraft.  

 

Engin eers who design aircraft weigh not only the hard data of these methods 

but also a large number of nontechnical variables that arise both prior and 

during the conception and building process. In the final stages of analysis 

technical considerations commonly  take precedence in the science of òchanges 

and compromisesó.  

 

In the pursuit of hard data it can be considered that flight research is an 

essential ingredient, in part because it enables researchers to verify the 

behavior of aircraft as it flies and to d erive concrete data based on the 
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motions and responses of the air vehicle. Flight research is able to yield a 

variety of data, depending on the objectives of the particular project. In 

addition to separating predictions from reality and discovering the 

unanticipated, we will employ flight research as a tool to guide the overall 

design and a simple feature that will confirm the soundness of the proposed 

concept. 

 

Airframes to date have a particular design that is mostly based in the 

dynamics of flight concep tion. A flying machine is the only one that has to be 

able to lift into the air its own weight and that of any useful payload before it 

can be applied to any use.  

 

5.2. Airfoil Dynamics  

 

Airfoil is the basic shape of a wing, blade of a propeller, rotor or turb ine as it 

is seen in cross-section. If a horizontal wing is cut by a vertical plane parallel 

to the centerline, the resultant section is called the airfoil section .  

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Airfoil Components  
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The generated lift and the stall characteristics of the wing depend strongly on 

the geometry of the airfoil sections that make up the wing. Geometric 

parameters that have an important effect on the aerodynamic characteristics 

of an airfoil section include; (1) the leading -edge radius, (2) the mean 

chamber line, (3) the maximum thickness and the thickness distribution of 

the profile, and (4) the trailing edge angle.  

 

If an airfoil -shaped component moves through a fluid, it is able to produce a 

force which is perpendicular to t he motion.  This forced is called Lift. All 

fixed -wing aircraftõs wings are built with an overall aerofoil-shaped cross 

sections and this concept goes as far as including helicopter rotor blades, 

propellers, fans, compressors, and turbines. Airfoil plays a  major facet of 

aerodynamics. Various airfoils serve different flight regimes. Asymmetric 

airfoils can generate lift at zero angle of attack, while a symmetric aerofoil 

may better suit frequent inverted flight as in an aerobatic airplane.  

 

Any object with  an angle of attack in a moving fluid, such as a flat plate, a 

building, or the deck of a bridge, will generate an aerodynamic force (called 

lift) perpendicular to the flow. Airfoils are more efficient lifting shapes, able 

to generate more lift (up to a po int), and to generate lift with less drag.  

The airfoil chosen for our UAV concept is based on the Rutan Long -EZ 

designed aircraft which has a GU25 -5(11)8 airfoil configuration with a 4.8 

degree angle of attack.  

 

For a more in -depth analysis of the aerodyna mic properties of the GU25 -

5(11)8 airfoil you can refer to the AIAA Journal of Aircraft, Volume 25 / No. 8 

page 702 / August 1988. For a basic understanding of the design, the 

following image compiles the major aspects to be considered for this 

particular airfoil.  
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The purpose of using this particular airfoil is due to the need of creating 

considerable lift capacity at low airspeeds without adding the complexity of 

flaps and keeping the wing as light as possible. The advantage of this design 

is that it is laminar to 45%, attached to 95% and yields a high lift coefficient 

at relatively low angles of attack.  

 

 

 

 

 

 

Figure 29: GU25-5(11)8 airfoil  
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5.2.1. Aerodynamic Forces 

 

The motion of air around the vehicle produces pressure and velocity 

variations which produce the aerodynamic forces and moments. Although  

viscosity is a fluid property, the viscous forces are dependent on the velocity 

gradient as well as on the viscosity.  When the viscous effects are confined to 

the boundary layer, it is possible to use the equations of motion for an 

inviscid flow to deter mine the pressure distribution around the vehicle. The 

three components of the force acting on the surface as designated as lift, drag, 

and side force.  

 

Lift: is basically the force component acting upward, perpendicular to the 

direction of flight, or to t he undistributed free -stream velocity. The 

aerodynamic lift is produced primarily by the pressure forces acting on the 

vehicle surface.  

 

Drag: is the net aerodynamic for acting in the same direction as the 

undisturbed free -stream velocity. The aerodynamic drag is produced by 

pressure forces and by skin friction forces that act on the surface.  

 

Side Force: is the component of the force in a direction perpendicular to both 

the lift and the drag.  
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5.2.2. Lift  Coefficient 

 

For a relatively thin airfoil section at a relatively low angle of attack, the lift 

is primarily the resultant from the action of the pressure forces. The shear 

forces act primarily in the chordwise direction. Therefore, to calculate the 

force normal to the surface we only have to consider the  pressure 

distribution.  

 

The lift coefficient is a dimensionless value that is used to relate the lift 

which is generated by the airfoil, the dynamic pressure of the fluid around 

the airfoil and the platform area.  Due to the relationships drawn we can 

observe that the lift coefficient is highly dependent on the shape of the 

profile, the angle of attack, and the Reynolds number. This notation may be 

used to relate the total lift that s generated by the aircraft to the total area of 

the wing.   

 

The lift coe fficient CL is equal to:  

 

 

 

Where: 

L  is the lift force  

Ȑ is fluid density,  

v is true airspeed,  

q is dynamic pressure, and  

A is platform area   
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Since there is not a mathematical relation existing between the lift and the 

angle of attack, the angle ter m is not existent on the above equation. The 

relationship between the lift coefficient and angle of attack is complex and 

can only be determined by experimentation or complex analysis.  

 

For the scope of this project, we will derive the relation between th e angle of 

attack and the lift coefficient as we gather more experimental data.  

 

5.2.3. Drag Coefficient 

 

Like death and taxes, drag is always with us ð and just as welcomed. 

Regardless of flight attitude or speed, drag forces are continually exerting 

some effect upon aircraft performance and handling characteristics. Since 

aircraft have three degrees of freedom of motion, drag affects their operation 

in more ways than it does surface vehicles.  Similar to airplane weight, drag 

also has a way of increasing with ag e; everything added onto or into the 

airplane contributes just a bit more additional drag.  

 

The drag coefficient is a dimensionless quantity that is used to quantify the 

resistance of the object in the fluid medium and it is always associated with a 

parti cular surface area. Objects moving through a fluid experience a drag 

force proportional to their corresponding drag coefficients.  

 

For the drag equation we have,  

 

    , A is the reference area, usually projected frontal 

area 
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The drag equation is essentially a statement that the drag force on any object 

is proportional to the density of the fluid, and proportional to the square of 

the relative velocity between the object and the fluid.  

 

Airplane drag is generally considered the sum of two different  types: parasite 

drag and induced drag. From the designerõs standpoint it is preferable to 

separate drag into three components: parasite drag, wing profile drag (from 

airfoil section drag), and induced drag. Isolating wing profile drag from 

parasite drag p rovides a direct indication of the effect of various airfoil 

sections upon taking flight. This is an important consideration since the 

lower the wing profile at cruise lift coefficients, the greater the speed range 

from stall to maximum level flight speed and the more efficient the airplane 

is. 

5.2.4. Swept wings 

 

Swept wings are angled, usually to the rear and often at an angle of about 

35°. Forward swept wings also are used on some research craft. Swept wings 

constitute a wing platform that is commonly found in jet aircraft capable of 

near-sonic or supersonic speeds. This type of configuration is useful as a 

measure to reduce drag while in flight but straight wings are still favored for 

slower aircraft with long range of endurance.  

 

The reason why a swept wing wa s chosen for our design, it is mainly due to 

their drag reducing capabilities. Also, swept wings are part of the Ruton 

Long-EZ aircraft that was chosen to model the basics of our design. This 

airframe also uses wingtip devices that improve lift -to-drag rat ion and 

increase efficiency. It is important to consider that in a swept wing as part of 

a canard airframe, the inclusion of wing tip serves as a vertical stabilizer. 
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The use of this type of aircraft and wing design represents a good compromise 

between availability and performance expectations of the basic airframe.  

5.2.5. Dihedral Angle  

 

It is the angle between a horizontal plane containing the root chord and a 

plane midway between the upper and lower surfaces of the wing.  If the wing 

lies below the horizontal p lane, it is termed an anhedral angle. The dihedral 

angle affects the lateral stability characteristics of the airplane.  

 

 

 

 

 

 

 

 

 

 

 

While the shape of an airfoil is completely determined by the profile and the 

aspect ratio, the shape of an actual wing cannot be described so easily. By 

definition, the plan -form of an airfoil is a rectangle even though the actual 

wing is not strictly a r ectangular shape.  Modern designers preferred tapered 

platforms for which the chord length gradually decreases toward the wing 

tip. As the chord length varies, the profile also varies. Geometrically, the 

easiest way would be to conserve the shape of the pr ofile by letting all its 

dimensions decrease in the proportion as the chord length, but this feature is 

Figure 30: Types of dihedral wing design  
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rarely feasible.  In order to simplified our design choices with forfeit the use 

of a dihedral angle for the wing geometry.  

5.2.6. Canard airframe aerodynamics  

 

If the wing is at an angle of attack that is high enough to produce the desired 

coefficient of lift, a large nose -down pitching moment results. Thus, the basic 

delta configuration is often augmented by a lifting surface in the nose region 

(called a canar d) which provides a nose -up trimming moment. Canard is an 

airframe design used in fixed -wing aircraft that places the tail -plane ahead of 

the main wing.  

 

 

 

 

 

 

 

 

 

 

The use of canard surf aces on a maneuvering aircraft can offer several 

attractive benefits. These benefits are primarily associated with the 

additional lift developed by the canard and with the beneficial interaction 

between the canard flow field and the wing flow field.  

A forw ard location of the horizontal tail divides the lift between two surfaces 

regardless of the load condition. If the main wing has flaps lowered, the 

added longitudinal moment is carried by added lift supplied by the forward 

canard wing. The canard arrangeme nt provides the safety of a spinproof 

Figure 31: Rutan Long EZ, Canard Aircraft  
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airplane. By controlling the incidence angle and the center -of-gravity to a 

range in which the main wing will not stall, we can obtain an airplane design 

that is both stall and spin proof . 

There are two types of canard  aircraft which are: (1) Control -canard, and (2) 

Lifting -canard.  

 

The Rutan Lon g EZ is a textbook example of canard aircraft. In this type of 

arrangement the weight of the aircraft is shared between the main wing and 

the canard wing. Conventional aft -tail  designs generate a download that 

must be counteracted by extra lift on the main wing, unlike lifting -canards 

that generate an upload. Thus, it is much more efficient that aft -tail if 

evaluated for the perspective of induced drag.  

 

5.3. Dimensions  

 

The original dimensions for the long ðEz 380 are as follows:  

Fuselage - 570mm 

Wingspan - 900mm 

Empty weight - 250g 

Flight weight - 650g 

Wing loading ð 40.1g/dm2 

 

With the modifications to the fuselage, special care was taken in order to 

preserve the relationship between wing span and fuselage length. A percent 

scale was calculated and the model was increased by a 22% in order to 

accommodate a 10ó diameter coaxial unit.  
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The increased sized helped to alleviate some of the issues created  by cutting 

the center of the fuselage away, which included a reduction of the carrying 

space, and adjustability to the center of gravity.   

 

The new dimensions of the aircraft are as  follows:  

Fuselage - 696mm 

Wingspan - 1098mm 

Empty weight - 512g 

Flight weight - 1000g 

Wing loading ð 61.7g/dm2 

 

The full effects of the increased wing loading will have several advantages 

and disadvantages in the overall performance of the aircraft.  

 

Advantages: the airframe will be less susceptible to wing gusts and air 

disturbances ideal for image stabilization  

Disadvantages: higher take off and landing weight means more power to 

generate lift hence shorting the endurance of the aircraft. Other 

disadvan tages include slower and wider turn radius and slower climb rates, 

although this are not of real concern to our application.  
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5.4. Finite  Element Analysis  

 

After reviewing past and recent developments in experimental techniques, 

we considered to use results from the Finite element method (FEM), also 

referred to as Finite Element Analysis (FEA) used in Solidworks® along with 

Computational Fluid Dynamics (CFD).  In this section we will talk about the 

use of several Computer Aided Design (CAD) programs t hat will help 

determine the optimal designs.  With model testing this offers us the best 

prospects for the reliable assessment before application of the prototype.  

While prototyping needs sensors to measure quantities like temperature, 

strain, flow speed,  with the use of simulation models this will provide us with 

quantities at a single point on the model and will plot contours of quantities, 

graphs, as well as list  [insert] . As well as in structural simulation, FEA allow us 

to determine the stiffness and strength needed to provide minimal weight, 

material and cost. This is done by obtaining parameters from prototypes 

without having to actually build a model. The great advantage of computer 

based prototyping is the ability to change and modify material data , 

dimension, while even adding  a new load scenario or a result quantity to 

evaluate  to the actual model at any stage of simulation.  
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Figure 32: Standard Plane Drawing for Simulation  

 

 

Figure 33: Modified Plane Drawing for  Simulation  
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5.5. Meshing 

When working with CAD Programs one must consider the geometrical 

simplifications which can affect the interesting physical phenomena.  For 

example features like fillets and gaps can be disregarded. The basic forms of 

meshes are classified as either structured or unstructured. A structured mesh 

is expressed as a two or three dimensional array. Unstructured mesh allows 

for any possible element at its disposal.   

Mesh adaptation, often referred to as Adaptive Mesh Refinemen t (AMR), 

refers to the modification of an existing mesh to give more accuracy to 

captured flow. These modifications are used to improve resolution of flow 

features without unnecessarily increase in computational effort  [insert] . Mesh 

adaptation strategies are classified as one of three general types: r -

refinement, h -refinement, or p -refinement. The h -refinement will be used to 

provide better meshes in our FEA end CFD analysis because it is the 

simplest strategy for this type of refinement which subdivides c ells. H -

refinement does not result in a change in the overall number of grid cells or 

grid points.  

  

 

 

 

 

 

 

 

 

 

Figure 34: Meshing Sample of a Wing Section  


