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ABSTRACT 

 

9ƴ ǳƴ ǇŀƝǎ ƻƴ ƭΩŀǾƛŀŎƛƽ Ŝǎ Ǿƛǎǘŀ ŎƻƳ ǳƴ ǇǊƻōƭŜƳŀ ƛ ƴƻ ŎƻƳ ǳƴŀ ǎƻƭǳŎƛƽ, pocs són 

Ŝƭǎ ŀŦƻǊǘǳƴŀǘǎ ƛ ǾŀƭŜƴǘǎ ǇŜǊ ǎŜǊ ǇŀǊǘƝŎƛǇǎ ŘΩŀǉǳŜǎǘ ƳŜǊŀǾŜƭƭƽǎ ǎŜŎǘƻǊΦ 5ƛƴǎ ŘΩŀǉǳŜǎǘǎ 

pocs, hi ha persones com en Marc Kuster que van més enllà del simple fet de volar, i 

porten la seva afició fins al punt de dissenyar i construir els seus propis avions. 

!ǉǳŜǎǘŀ ǘŜǎƛ ǎΩŜƳƳŀǊŎŀ Řƛƴǎ ŘŜƭ ǇǊƻƧŜŎǘŜ ǇŜǊǎƻƴŀƭ ŘΩŜƴ aŀǊŎ YǳǎǘŜǊΣ ǉǳƛ Ŧŀ ƳŞǎ 

de 20 anys va dissenyar un avió de tres superfícies amb la intenció de que algun dia fos 

realitat. 

[Ωh5¸{{9¦{ LLΣ Şǎ Ŝƭ ǇǊƻŘǳŎǘŜ ŘΩŀǉǳŜǎǘ ǎƻƳƴƛΣ ƛ Ŝƴ ŀǉǳŜǎǘŀ ǘŜǎƛǎ Ŝǎ ƳƻǎǘǊŜƴ 

ǇŀǊǘǎ ŘŜƭ ǎŜǳ ǇǊƻŎŞǎ ŘŜ ŘƛǎǎŜƴȅ ƛ ŀƴŁƭƛǎƛǎ ŘŜ ƭΩŀǾƛƽΦ 9b ŎƻƴŎǊŜǘΣ ƭΩŜǎǘǳŘƛ Ŝǎ ōŀǎŀ Ŝƴ Ŝƭ 

desenvolupament  dels diferents models CAD i els primers anàlisis i estudis en el camp 

aerodinàmic, estructural i de comportament. 

 

In a country where aviation is seen as a problem and not a solution, few are the 

lucky and brave to be part of this wonderful sector. Among these few, there are people 

like Marc Kuster who go beyond the simple fact of fly, and take their hobby to the point 

of designing and building aircraft. 

This thesis is part of the personal project of Marc Kuster, who more than 20 

years ago designed a three-surface airplane with the intention that one day it would 

become a reality. 

The ODYSSEUS II, is the product of that design, and in this thesis parts of the 

airplane design and analysis process are shown. In particular, the thesis is based on the 

development of the different CAD models and later some first studies are made on the 

structural, aerodynamic and performance behaviour of the airplane. 
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AIM 

 

The aim of this thesis is to develop a 3D model of the airplane designed by Marc 

Kuster in the 90Ωs and to carry out some preliminary analyses to evaluate the 

aerodynamic behaviour of same. 

The second objective is to develop a structural design of this airplane, followed by 

ŀ ŦƛǊǎǘ ƛǘŜǊŀǘƛƻƴ ƛƴ ŀƴŀƭȅǎƛǎ ǳǎƛƴƎ άCƛƴƛǘŜ 9ƭŜƳŜƴǘ !ƴŀƭȅǎƛǎέ ǎƻŦǘǿŀǊŜΦ  
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JUSTIFICATION 

 

The thesis presented in this report is included within the conceptual design 

framework of the ODYSSEUS II aircraft designed by Marc Kuster. 

The conceptual design phase is absolutely necessary when designing an aircraft 

and if the intention is to finish building it. 

In amateur construction, calculations and construction processes are usually not 

as strict as it is in conventional construction. This can pose a safety problem for the future 

operation of the aircraft, and more if the aircraft is made of composite materials. 

The thesis that is presented provides calculations and analysis necessary to 

evaluate the behavior and safety of the aircraft and thus help the designer with the new 

design and calculation methodologies, so he can continue with his project. 
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SCOPE 

 

This project encompasses the following aspects. 

¶ Study of plans and requirements delivered by the client. 

¶ Examinations of the following: 

ω Amateur construction. 

ω Types of aeronautical structures. 

ω Type of materials used in amateur aircraft construction. 

¶ Development of a 3D model compatible with CFD software. 

¶ Elaboration of a 3D model compatible with FEM software. 

¶ Development of a conceptual 3D model that allows the obtention of the 

dimensions and weights of the different components. 

¶ Aerodynamic study based on the customer's original design including: 

ω The elaboration of model and calculations by means of potential 

theory. 

ω The preparation of a CFD study for this airplane. 

¶ Structural study based on the most critical flight conditions including: 

ω Flight envelope study. 

ω Preliminary calculations. 

ω Analysis through FEM. 

¶ Study of the general behaviour of the aircraft including:   

ω CG-Envelope diagram 

ω Stability study 

ω Range study 

This project is not intended to be a complete development of the aircraft design. 

For reasons of time, the thesis presented here is a preliminary document of the basics, 

which will allow one to carry out further designs and calculations refinements, leading 

ultimately to a final blue print. 
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REQUIREMENTS 

 

This thesis offers technological support to the engineer and home builder Marc 

Kuster in his quest to design and build a 3 surfaces plane based on composite materials.  

The basic parameters, as suggested by Mr. Kuster are as follows. 

So, the customer's requirements are 

¶ Category                                     : Standard Light Aircraft, (max. 5000 lbs) 

¶ Nominated cruise speed         : 170 kts 

¶ Max. speed                                : 220 kts 

¶ VNE                                             : 250 kts 

¶ MTOW                                        : 1170 kg 

¶ Minimum range, w/o reserve : 6.5 hours1 

¶ Climb rate @MTOW                 : 1200 fpm AMSL 

¶ Take off distance @MTOW     : 550 m AMSL 

¶ Landing distance @MTOW      : 400 m AMSL 

¶ Max stall speed (clean)             : 52 kts 

¶ Max seats                                    : 4 

¶ Number of engine                      : 1 

¶ Cabin pressurization                  : Nil 

¶ Limits                                            : + 6G / -3G 

¶ Composite Structure  

¶ The 3D models developed throughout the study must comply with the 

geometrical restrictions present in the plans developed by the client and 

which can be seen in Figure 1.  

For any other issue, CS23 and FAR23 standards are taken as reference, although 

this aircraft is classified in the Experimental Catergory (Non Type Certified Aircraft). 

                                                           
1 Range based on the Lycoming IO-390 engine. 
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Figure 1. Original sketches of ODYSSEUS II aircraft designed by Marc Kuster. 
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1. STATE OF THE ART  

 

1.1 EXPERIMENTAL AMATEUR-BUILT AIRCRAFT 

Experimental amateur-built aviation, also known as homebuilts, is a growing 

activity within the world of sports aviation.  The basic idea is that the enthusiast builds his 

own aircraft.  

The most common forms of constructions are: Own Design, Plan Built or Kit Built 

constructions. Restorations of old aircrafts also have a strong following in many countries 

around the world.  

¢ƘŜ IƻƳŜōǳƛƭŘŜǊΩǎ Ƴŀƛƴ ŀƛƳ ƛǎ ǘƻ ŜƴƧƻȅ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ŀƴŘ Ŧƛƴŀƭƭȅ ŦƭȅƛƴƎ Ƙƛǎ ƻǿƴ 

creation. 

Although, a priori this type of undertaking would suggest an increased level of 

danger, it soon becomes evident that through adherence to strict aeronautical 

engineering practices, quality controls and legislations regulating these activities; those 

potential dangers are reduced to exceptionally low levels.    

The most substantial number of followers are in the United States, where tens of 

thousands of people and many associations dedicate their effort and free time to this 

wonderful pastime, with the Experimental Aircraft Association (EAA) having the highest 

membership, country and worldwide. Other countries with large groups of homebuilders 

are: Australia, New Zealand and South Africa. 

Within Europe, there are countries with a strong aeronautical culture the likes of 

France, Germany, the UK, Czech Republic and Slovenia.   

CǊŀƴŎŜ Ƙŀǎ ǘƘŜ ŘƛǎǘƛƴŎǘƛƻƴ ƻŦ ōŜƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ŎƻǳƴǘǊȅ ǘƻ ǇǊƻƳƻǘŜ 

άIƻƳŜōǳƛƭŘƛƴƎέΣ ǎǘŀǊǘŜŘ ƛƴ мфопΦ   

 



 

State of the Art 

 

7 
 

In most other countries of Europe, there is a steady growth of experimental 

aircraft construction with Spain being no exception.   

vǳŜǎǘƛƻƴǎ ǿƘƛŎƘ ŀǊŜ ƻŦǘŜƴ ŀǎƪŜŘ ƛƴ ǘƘŜ ƎŜƴŜǊŀƭ ŀǾƛŀǘƛƻƴ ŎƛǊŎƭŜǎ ŀǊŜΥ ά²Ƙȅ ŀǊŜ 

ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ ŀƛǊŎǊŀŦǘ ōŜŎƻƳƛƴƎ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ǇƻǇǳƭŀǊΚέΦ  

According to the article available in reference [1], it often can be simply the 

challenge. The immensely rewarding experience of having created such a project with 

ƻƴŜΩǎ ƻǿƴ ƘŀƴŘ ƛǎ ŜƳƻǘƛƻƴŀƭƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ Ƴŀƴȅ ǇŜƻǇƭŜΦ  

 Aviation is expensive and for many an aspiring aviator, the costs of a factory built, 

certified aircraft are prohibitive. The expensive upkeep and maintenance costs are often 

a deterrent too.  

With homebuilts, the construction costs are essentially carried by the buildery. 

Certified components often cost astronomical sums of money due to insurance 

premiums. A large portion of these costs are not applicable in the homebuilt sector.   

Uniqueness is another consideration. It is fair to say that no homebuilt is the same. 

The freedom to choose paint, instrumentation, upholstery, in some cases engines and 

much more, are all plus points for the individualist. The completion of such an 

undertaking ends up being a reflection of the person who built such an aircraft.   

In addition, the fact of having this freedom, allows the builder to use the latest 

technological advances which are not always available on certified machines. The results 

often translate into better performances and higher efficiencies. 

Another interesting aspect of Homebuilding is the fact that a large inventory of 

second hand components is available worldwide making acquisitions more cost effective.  

Such components are not so easily available in the certified aircraft sector, due to 

ŦƻǊ ŜȄŀƳǇƭŜ ǘƘŜ ά¢ƛƳŜ 9Ȅέ ŦŀŎǘƻǊΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ǎǳŎƘ components may have reached the 

end of its hourly or cycle life.     

A final point on the subject of economics, the possibility of being able to carry out 

the maintenance and some inspections, also saves substantial amounts of costs. 
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Homebuilding has some down sides. To build an aircraft is not for everyone and 

the investment in large quantities of materials and tooling may cause some people to 

think twice before undertaking such a venture. Also, for many folks, manual work is 

foreign to them.  

The essence of owning an experimental aircraft is meant for leisure activity.  For 

those who wish to use a homebuilt aircraft as a business tool, the current regulations 

restrict such activities in many countries. Flying a homebuilt fore hire and reward, i.e. 

commercial activity, is prohibited.  

9ȄǇŜǊƛƳŜƴǘŀƭ !Ǿƛŀǘƛƻƴ όǘƘŜ ǿƻǊŘ άŜȄǇŜǊƛƳŜƴǘŀƭέ ōŜƛƴƎ ǎƻƳŜǿƘŀǘ ŀ ƳƛǎƴƻƳŜǊύ ƛǎ 

a world that has brought aviation closer to many people who could not otherwise have 

had access to flying.     

In this thesis, the reader may find some of the analyses and procedures helpful to 

build an experimental aircraft. 

 

1.2 STRUCTURE CONSTRUCTION TECHNOLOGIES 

When faced with any problems, mankind has for eons developed and evolved 

methods and solutions to overcome them.  

In the case of aircraft manufacturing, and specifically airframe manufacturing, the 

development of fabrication methodologies has been tightly linked with aerodynamic and 

materials advances.  

In this section, a brief summary of the different types of existing structures, their 

pros and cons, following the references [2], [3] and [4] is put forward. 

 

1.2.1 Aircraft Loads 

Before investigating the structural topic, the main loads an aircraft is subjected to 

in flight are presented herein. Such loads are to a large extent the criteria used to decide 

which structure will best apply.   
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During the flight of any aircraft, there are 3 types of loads to which the structure 

of the aircraft must face: 

¶ Aerodynamic Loads: The aerodynamic loads are generated by the pressure 

differences created on the aircraft during the flight. This pressure 

differences are responsible for generating the forces of lift and drag, and 

moments, causing bending and torsion in the wing among other elements. 

Generally, these forces depend on the geometry of the aircraft, its weight 

and the flight conditions. 

¶ Inertial Loads: Inertial loads are those forces and moments generated by 

aircraft accelerations generally due to the variation of G forces during 

flight. 

¶ Operational Loads: Are those loads that are given by the use of the plane, 

such as those due to the pilot climbing the wing to enter the cabin. 

As a general rule, the dimensioning of the structure is based on the first two types 

of forces, focusing mainly on the aerodynamic loads. 

With regards to the reaction of the structure to the aforementioned loads, there 

are five main stresses appearing: 

¶ Tension: This type of stress appears when trying to separate an element 

through the application of a traction effort in its axial component. 

¶ Compression: The compression is the stress opposite to the tension, 

appearing this when an effort of crushing is applied on the longitudinal 

axis of the component. 

¶ Torsion: This type of stress appears when a force or moment of twist is 

applied on the element. 

¶ Shear: This type of stress appears when the material is opposed to a layer 

of material sliding on its attached layer. 

¶ Bending: It appears when compression and traction efforts are combined. 

It generates a curvature on the piece to which said efforts are applied. 
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During the flight of an airplane, all the above mentioned reactions are possible to 

appear. The tension and compression are present on the wings due to the lift and drag 

forces through their combined form, the bending. The torsion appears as a result of the 

different moments in flight, whether they are aerodynamic or inertial. Union elements, 

such as screws and pins, are subjected to high shear forces. 

Figure 2 shows a diagram that shows the different types of stress that appear in a 

plate type element, such as for example the skin of the wing or the fuselage. 

 

Figure 2.  Bending Stress Diagram. Extracted from [3] 

 

1.2.2 Aircraft Structures 

With the knowledge of the types of loads the structure of this aircraft is subjected 

to, the author of the thesis has looked at the different types of structures available.  

Each of these types has advantages and disadvantages, and are in some cases the 

result of the evolution of a previous type of structure due to the application of the latest 

technologies and materials. 

 

Fuselage 

The fuselage is the body of the plane. In it, not only are located the crew and the 

passage, but also the space for storing different systems and joining the different 

components which allow the aircraft to fly. 
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Historically, Truss-type fuselages 

were the first to appear. At the beginning, 

manufactured in wood and later in metal, 

they constitute a framework based on the 

union of rigid elements such as tubes or 

struts resisting the different loads. Many 

times, this type of structure is accompanied 

by tensioners which contribute with an 

extra resistance against tensile loads. These 

type of structures are complex to design, have a fairly good weight resistance ratio, 

although the number of elements is high and there is a sensitivity to buckling present. 

Trust construction is still used today on some occasions, but is somewhat a thing of the 

past. 

The next type of structure is the 

semi-monocoque. This type of structure 

combines frames and stringers with 

structural skin. While the first elements 

are responsible for resisting the various 

loads and being the support for the skin, 

the skin is responsible for providing 

structural stiffness, keeping the different 

elements together. In turn, the skin also 

provides the aerodynamic finish 

necessary to reduce aerodynamic drag. 

This type of structures present a lower complexity when it comes to being designed and 

a better behavior against buckling with a smaller number of pieces. The lightness of semi-

monocoque is similar to that of the truss structure. 

 

Figure 3. Truss-Type Structure. Extracted from [3] 

Figure 4. Semi-monocoque Structure. Extracted from [3] 
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A variant of the semi-

monocoque structures. 

 In them the stringers and 

longerons are eliminated thanks to a 

better design and resistance of the 

skins. In these structures, the skin takes 

on a larger structural role since it is 

responsible for supporting the 

different types of loads.  

As a result, the application of 

this type of structures produces lighter airframes than semi-monocoque constructions. 

The down side is a slightly reduced resistance against buckling. 

 

Wings and Empennage 

Wings and tail surfaces are the components of an aircraft subjected to the highest 

efforts and stresses, as they are responsible for generating the lift which counteracts the 

weight of such a machine.  The unwelcomed by-product of these efforts and stresses is 

called Drag. 

It is interesting to note that the type of wing structures of has not changed much 

over time.  The same components are still used today as those produced more than 50 

years ago. A testimony to the ingenuity of the designers of times go by. 

The technological advances lie in the use of new materials and the number of 

elements which form the structure of the wing. A good example of such improvements is 

the number of wing ribs a sports plane requires, often less than ten per half wing, 

compared to up to thirty some 50 years ago. 

Flying surfaces, whether wings or tails, are composed of three main components: 

the spars, the ribs and the skin. 

Figure 5. Monocoque Structure. Extracted from [3] 
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Spars are the main structural components of a wing. They are in charge of 

sustaining bending and torsion efforts. Generally, and depending on the type of aircraft, 

the number of spars is usually 2, sometimes 3.  

Some of the newer models of ultralight aircraft contain only 1 spar per half wing, 

thanks to the advances made in terms of composite elements. 

Ribs are the components responsible for the shape of the aerodynamic profile of 

a wing. They are also responsible for transmitting the aerodynamic loads towards the 

beam.  

The number of ribs in a wing depends on the type of skin of a wing, the greater 

the resistance to buckling of the skin, the fewer ribs needed. 

The third and last component is the skin, which is responsible for producing the 

aerodynamic finish required for flight efficiency. The skin, as an integral part of the 

structure is used to reinforce the resistance against wing twist and forms a type of torsion 

box together with the two spars. 

 

Figure 6. Typical Wing Structure. Extracted from [3] 
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1.3 MATERIALS IN SPORT AVIATION 

Relating to the previous section, brief comparison of the different materials often 

used when manufacturing an aircraft and in this case an experimental one, is herewith 

presented. 

 

1.3.1 Wood 

At the beginning of aviation, only wood was used in the structural construction of 

the aircraft. And for the most pioneering, wood had to be natural.  

The advantages offered by this material is the availability, the low cost, the little 

requirement of specialized tools and that it is easy to work given the few construction 

skills.  

 

Figure 7. Typical Wood Sections. Extracted from [3] 

 

1.3.2 Aluminum Alloys 

Relatively early in the history of aviation, aluminium constructions started to 

appear. Different alloys were tried.   

The advantages of aluminium alloys are: a good strength to weight ration as 

proven through many laboratory tests, a relatively good resistance to corrosion, as well 

as a good resistance to temperature variations. 

The price of aluminum alloys, compared to composite materials, is lower. In 

addition, the handling and machining of aluminium is simple and strait forward. Sheet 

metal work experience is required to obtain suitable forms.  
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Also, of interest is the fact that aluminium is an isotropic material.  It offers a high 

versatility in many applications, regardless of grain orientation, which is not the case with 

steel, for example. 

 Finally, the components are much easier to evaluate compared to other 

materials, so the maintenance cost of the aircraft is lower. Is a great material for home-

builders. 

A notable and substantial weakness of aluminum is the fact that it does not have 

a defined fatigue limit. This means that in the case of dynamic loads, a component may 

fail with low loads, if the number of cycles is high enough.  

In addition, aluminium, when subjected to fatigue has a much lower tensile 

strength compared to its normal maximum resistance to the traction. This consideration 

implies that components have to be produced with a larger quantity of metal in order to 

overcome this problem. And more material equals more weight. It also implies that the 

total weight is greater than a structure that only faces static charges. 

Another problem with aluminium is corrosion. Several types of corrosion rear 

their ugly heads. Inter granular corrosion occurs in aluminium alloys especially 2024T3, 

which has copper as its main alloying component, when subjected to water condensation 

and or high atmospheric humidity contents causing aluminium oxide, a white powdery 

substance.    

Stress corrosion forms fissures between in the homogeneity of the aluminum  

degrading and weakening the area until rupture in some cases. The causes of stress 

corrosion are vibration and excessive tension, compression, torsion, shear and bending 

loads. 

Finally, aluminium has a great predisposition to galvanic corrosion. This occurs 

when two metals with different electrical properties come into contact.  Due to the 

difference in electric potential, an electrical current is generated between the two metals 

causing said corrosion.   
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Figure 8. Typical Metal Wing Spars. Extracted from [3] 

 

1.3.3 Composite Materials 

The combination of two or more compounds with completely different properties 

in order to form a new material with remarkably better features, offers the opportunity 

to manufacture components with greater resistance and lower weight.  Lighter, faster 

and more resistant aircraft construction results in better performance and lower 

fuel/energy consumption. 

Thus, composite materials stand out for their high strength, light weight, 

flexibility, and the ease of building complex compound curves, which are difficult to 

produce with aluminum. They also have a high dielectric strength, good dimensional 

stability and no corrosion issues. 

Unfortunately there are disadvantages with composites as well. Toxicity of the 

resins, some sensitivity to impacts, limited resin and catalyst storage times, potential 

mixing ratio issues and ambient working temperatures are a few.  

A high degree of vigilance is required when working especially with epoxy resins, 

all of it adding to the final price tag.   

As with all materials, composite constructions required some specific protection 

from the elements. To minimize heat absorption on surfaces exposed to the sun, it is 

recommended to use light colors, the lighter the better. White being the least heat 

absorbent.  

Lightning strikes can cause serious damages to structures and auxiliary 

components in a composite aircraft and it is of the utmost importance to channel these 

very high electric charges in a safe manner.  
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Aluminum aircrafts are essentially Faraday cages and therefor mostly impervious 

to lightening, whereas composites aircrafts are not. 

Aluminum is still the predominant material with experimental aircrafts, but 

composites are slowly catching up, despite the more complex manufacturing processes 

and associated costs. 

The legendary aircraft engineer and designer Burt Rutan set the pace of 

ŎƻƳǇƻǎƛǘŜ ŀƛǊŎǊŀŦǘ ŎƻƴǎǘǊǳŎǘƛƻƴǎ ŀǎ ŜŀǊƭȅ ŀǎ ǘƘŜ мфтлΩǎΦ 
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2. THESIS AND DESIGN METHODOLOGIES  

 

As mentioned in previous sections, the objective of the Project is to analyze the 

aerodynamics of the ODYSSEUS II aircraft and use the results to design a structure of 

composite materials, which will then be briefly analyzed. This type of Project is included 

in the preliminary design phase. 

For the benefit of the reader, a prior knowledge is helpful to better understand 

the context of thesis. To do so, the Standard Methodology of aircraft design is explained 

below. For more information, the reader can consult references [2], [4], [7] and [8]. 

 

2.1 DESIGN PHASES 

In engineering, the development of a product is not a trivial procedure, but a 

drawn out and detailed process, often feedback-type and only complete when the 

objectives and criteria of service meet all the requirements imposed. 

In the aeronautical sector, this design process is somewhat more complex due to 

the high demands imposed on an aircraft and the various tests and evaluations to which 

the design must be submitted. 

As a general rule, the steps one must follow in order to design and build an aircraft 

are: 

 

 

 

 

 



 

Thesis and Design Methodologies 

 

19 
 

 

1. Requirements Definition: In this first stage the designer and the client meet to 

define the different requirements that the plane must fulfil. In this step it is 

also important to record the type of certification you want to obtain. 

2. Conceptual Design: The second step is to brainstorm and market research to 

have one or several positions with which to solve the problem raised in the 

requirements stage. 

3. Preliminary Design: This stage is one of the most extensive of the process, 

since it is about defining, studying and carrying out the first calculations and 

simulations based on the design or closed designs in the conceptual phase. 

Within the preliminary design, it is crucial to study the aerodynamics, the flight 

mechanics, the structures and the stability of the aircraft. 

4. Detail Design: Once the simulations and preliminary calculations indicate that 

the design meets the ǊŜǉǳƛǊŜƳŜƴǘǎ ǎŜǘΣ ŜŀŎƘ ƻŦ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ŎƻƳǇƻƴŜƴǘǎ is 

designed and tested and the necessary documentation is generated to 

manufacture it. 

5. Flight test: With the first prototype built, different flight tests are carried out 

to verify the calculations made. 

6. Critical Design Review: This stage of the design process is critical, since it 

evaluates the results obtained and redesigns those components that may 

pose some type of problem for the proper functioning of the aircraft. 

7. Certification: With the closed, tested and verified design, the certification of 

the aircraft is carried out. 

The afore mentioned points are not a linear process, but a recursive process 

where the aim is to optimize the concept initiated in the conceptual design phase, until 

obtaining the best possible solution. 
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2.2 THESIS METHODOLOGIES 

This thesis is included in the framework of preliminary design phase of the 

ODYSSEUS II aircraft designed by Marc Kuster. The methodology used is described in the 

diagram of Figure 9 and is based on the realization of a CAD model necessary to carry out 

the different preliminary studies of the aircraft. 

hƴŎŜ ŦƛƴƛǎƘŜŘΣ ŀƛǊŎǊŀŦǘΩǎ ŀŜǊƻŘȅƴŀƳƛŎ are studied and the designed structure is 

simulated by means of FEM. 

 

 

Figure 9. Preliminary Design Diagram. Extracte from [9] 

 



 

Cad Models 

 

21 
 

 

3. CAD MODELS  

 

In order to carry out these studies, several characteristic models of the aircraft 

are required in order to interact with different specific software within each of the areas 

subject to study. 

In this way, the author of the project has developed three different models 

meeting the different needs and requirements to carry out studies concerning the 

aerodynamics, the structural calculation and the visualization of the entire product. 

These models have been developed through the use of CATIA V5 R2017. Catia is 

a software of parametric design widely used in the engineering industry and especially 

used for the aeronautical sector. 

This software offers a great variety of modules and complements that allow to 

carry out specific tasks according to the work sector of the person who is in charge the 

design. 

As it is indicated on its website (reference [5]), 

CATIA, which is based on the 3DEXPERIENCE platform of Dassault Systèmes, offers the following: 

Social design environment based on a unique source of authenticity, accessed through powerful 3D 

panels that drive business intelligence, simultaneous real-time design and collaboration of all 

stakeholders, including mobile workers. 

3DEXPERIENCE offers an intuitive experience with top-level 3D modeling and simulation 

functionalities that optimize the efficiency of all experienced and sporadic users. 

It is an inclusive product development platform, which is easy to integrate with existing processes 

and tools. This allows several disciplines to take advantage of effective and integrated specialized 

applications in all phases of the product development process. 

The author of the thesis has decided to use this software due to the experience 

he has in the use of this tool, since he has not only used this program for personal and 

academic projects but also is a frequent tool in his work environment. 
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The recurring modules to carry out the project shown in this document are: 

¶ Part Design, 

¶ Assembly Design,  

¶ Generative Shape Design  

¶ Drafting.  

These modules, frequently in the aeronautical sector, have a specific and unique 

function that, by combining them in an adequate way, are capable of realizing anything 

that one can imagine. 

The module of Part Design is the most basic of CATIA. In it, the designs of the 

different pieces and components is used to carry out the design of different sections such 

as fuselage frame, wing ribs, etc.  

The Assembly Design module is used to join the different parts created and that 

make up an assembly or set of parts with a purpose. This module also allows evaluating 

design features such as assembly weight, center of gravity, inertia, etc.  

This is very useful when making predictions and using these parameters to carry 

out simulations and calculations. With the Assembly Design module, it is not only possible 

to assemble parts, but it is also possible to compose assemblies with bases to sub-

assemblies. A good example of this module is the subsequent assembly of wings, canard, 

fuselage and tail which then become the entire aircraft. 

The GSD module is a tool requiring advanced knowledge of the program. This 

module is used to design the surfaces and any element, usually finished components, but 

ǿƛǘƘ άǾƛǎƛōƭŜέ ƛƴǘŜǊƴŀƭ ǇŀǊǘǎΦ  

In the aeronautical and composite materials sector, it is an essential module since 

its power is used to transform into reality the different aerodynamic profiles and 

characteristic shapes of an aircraft.  In addition, in the field of composite materials, this 

module is used to carry out the Shell type models (see section 5.3) used in the different 

calculation and simulation software. 

Finally, the Drafting module is used to generate drawings, both of the components 

and of the final assembly. 
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3.1 AERODYNAMIC MODEL 

The aerodynamic model is used to carry out the various simulations using 

Computational Fluid Dynamics.  

This model traces the exterior geometry of the airplane and simplifying those 

elements of small size which may disturb the continuity of the surface and compound 

errors in the mesh and, therefore, in the final calculation of the aerodynamic loads. Thus, 

elements such as holes, antennas and complex geometries have been removed or 

simplified to develop this model. 

 

Figure 10. CAD Model develope in order to perform CFD simulations 

 

As seen in Figure 7, the aerodynamic model has all lines smoothed out between 

the different elements making up the aircraft. In addition, this model is a faithful 

reproduction of the original design seen in Figure 1, except for the winglets added by the 

author of the thesis, which have being acknowledged and accepted by the designer. 

These winglets have been inserted in order to improve the aerodynamic characteristics 

of the airplane. 

The model is made in 1:1 scale and has been exported in .stp format to carry out 

the meshing in any of the different software existing in the market. 
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3.2 STRUCTURAL MODEL 

The structural model can be very different depending on the type of structure of 

the aircraft and the type of analysis that is needed to perform it. Concerning this thesis, 

the complete structure of ODYSSEUS II is based on a monocoque structure made entirely 

of composite materials, combining carbon fiber, Kevlar and fiberglass. This particular 

structure makes this model necessary in order to calculate the structural behavior 

required of a Shell type. The study of the structure proposed for the ODYSSEUS II is carried 

out through the evaluation of the macro-scale material or component scale. This means 

that the strength of the material is evaluated according to the type of composite material 

layerings.  

The shell type models are based on the creation of the outer or inner surface of 

the component manufactured from laminar materials (such as composites). They are 

used as a reference in the calculation software, which determines the layers to be 

evaluated. Based on said surface, section 5.3 explains more about this type of analysis. 

In this case study, the model of the complete structure of the aircraft has been 

developed. However, only wing and tail structural models have been used to perform the 

analysis. The particularity of this type of model lies in the use of the surfaces as a 

reference of the real structural elements, without taking into account the real thickness 

of the components. 

As shown in Figures 11 and 12 the level of sizes is much higher than the 

aerodynamic model. Furthermore, it can be seen that the design of components is based 

on surfaces and not on solids, as mentioned above. In the two proposed models, details 

such as fuel tanks and or ailerons can be noted. These elements are not taken into 

account during the structural analysis, as these are focused on in the behavior of the main 

structures of the assemblies. 
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Figure 11. Wing Shell Model 

 

 

Figure 12. Tail Shell Model 
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3.3 CONCEPTUAL MODEL 

The last model that has been developed within the framework of this thesis is the 

conceptual model. This last model is the most detailed since the different parts and 

components of the aircraft have been modeled in greater detail to obtain the first 

estimates of the dimensioning of the parts, as well as to calculate the total weight of the 

structural and the center of gravity. 

In turn, this model helps to have a clearer vision of what the aircraft is like and 

allows to evaluate factors that are not as relevant as the aerodynamics of the aircraft or 

its structure, but that take on some importance when manufacturing the aircraft as they 

can be the positioning of the different systems, the ergonomics and comfort of the 

passengers, the accesses to carry out the maintenance, etc. 

Below is a list of renders created by the KEYSHOT 6 program based on the 

conceptual model designed in CATIA V5. 

As mentioned in section 3.2, the design of the ODYSSEUS II structure is based on 

a structure of monocoque type where both the interior structure and the skin are used 

to support the different structural loads. In this way it has been defined that the base 

material of the internal structure is the carbon fiber, either in combination with foam to 

generate panels or substructures type sandwich. 

Figure 13 shows a general view of the exterior of the aircraft, consisting mainly of 

glass fiber with the different carbon fiber control surfaces. The reality is, that the skin of 

the fuselage is made of glass fiber because the level of load that it must withstand is very 

inferior to the one of the wings or other elements.  

With regard to wings, tail and canard, the skin is composed of a stack that 

combines both the glass fiber and carbon fiber, being the outer layer made of glass fiber.  
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Figure 13. ODYSSEUS II 

 

With regards to the internal structure of the ODYSSEUS II, it is necessary to 

differentiate the various elements making up the complete structure.  

In the airframe of the fuselage, it can be noted how the  different bulkheads and 

formers uniformly distribute  the loads and are responsible for providing structural 

rigidity to the skin, this by transmitting said loads to both the upper and lower longitudinal 

reinforcements.  

The lower reinforcements also form a structural core, which is responsible for 

supporting the floor of the cabin, withstand the impacts of the landing gear and to 

dampen the efforts and stresses transmitted from the wing to the wing box. 
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Figure 14. Internal Airframe 

 

The wing box has been designed to support the wing loads and the main landing 

gear. In addition, it allows the rapid disassembly of the wings in the event of road 

transport.  

As shown below, three hollow spars allow the accommodation of the main spar 

and the stringers of the wing that are attached by a pin, a common practice in glider 

construction. 

 

Figure 15. Wing Box 
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Figure 16. Glider Wing Attaching System. Extracted from [6] 

 

The structure of the wing is based on a central beam/main spar located around 

40% of the chord of the wing.  

The main spar is the principal load carrier and also responsible for supporting the 

bending stresses together with the help of two secondary spars. These secondary spars 

close up the torsion box, together with the skin of the upper and the lower wing profile. 

This concept is responsible for minimizing torsional stresses. The hinges of the ailerons 

and the simple flap mechanism are mounted on the rear spar.  

Finally, winglets, ailerons and flaps are based on a core foam construction, 

reinforced by a spar (in the case of aileron and flap tube) and covered by a carbon fiber 

skin. This mode of construction widely used in the field of amateur aviation allows one to 

obtain light structures with high resistance, both to the aerodynamic loads and against 

impact.  

The few ribs present on the ODYSEUS II wings are used as support to the skin, 

avoiding any deformation of the leading edges due to compressive loads. 

Finally, the wing has two integrated fuel tanks that are shown in yellow in the 

Figure 17. 
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Figure 17. Wing Structure 

 

The philosophy used in the design of the tail is conceptually identical to the rest 

of the structure. Therefore, an internal structure based on carbon ribs with foam core, 

form the resistant center of the tail. In turn, the carbon fiber skin provides extra 

resistance against torsional loads. 

As shown in Figure 18, the horizontal empennage is composed entirely of a foam 

core reinforced with a front tubular spar, a rear spar and two ribs on each side. This type 

of empennage, used as the elevator is a full flying wing and the most important element 

in the maneuver of an aircraft in pitch axis. 
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Figure 18. Tail Structure 

 

The tricycle-type landing gear is fully integrated into the fuselage structure and 

wing box of the ODYSSEUS II. In this way it is possible to disassemble the wings to carry 

out any repair, modification or transport.  

This is an important feature, in that the fuselage is fully supported on the 

undercarriage assembly, even with the wings removed. 

As can be seen, the main landing gear transmits the loads towards the central 

beam of the wing box, while the nose gear rests directly on the longitudinal 

reinforcements of the fuselage. 
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Figure 19. Landing Gear 

 

The design of the exterior and interior of the airplane has been carried out based 

on the final appearance of the ODYSSEUS II, with the intention that the designer, Marc 

Kuster, has a feeling of what the airplane could be like and assess the need for changes 

or modifications. 

The choice of colors has not been arbitrary. Through the broken white 

background, reinforced with a garnet tonality, the thesis author wanted to transmit a 

classic view of aviation.  

In turn, the light interior, based on cream tones, aims to create a bright and 

spacious atmosphere. 
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Figure 20. ODYSSEUS II Exterior 

 

 

Figure 21. ODYSSEUS II Interior 
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