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Abstract: 

The present report summarizes the conceptual design development process for the fuselage in project 

Re-Wright. The project Re-Wright is about building a tailless human powered aircraft started as a course 

work in spring 2014 for the Aeronautical engineering master programme students in Linköping 

University. This thesis deals with the design development of the fuselage for the Re-Wright. It includes 

the preliminary study of the previous research on this project, verification and conceptual design 

alterations of the fuselage and analysis. 

The fuselage design in course TMAL08 is developed in an iterative process where in the sixth iteration, 

the concept is finalised for this project and further developed. The design is modelled using CATIA and 

the final design is produced. 

The analysis on kinematics, weight and friction is done and submitted in their respective platforms. The 

results are mainly concentrated in design development so only the analysis is preliminary. 
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Nomenclature. 

 AoA -   Angle of attack 

 FEM-   Finite Element Method 

 DMU-  Digital Mock Up 

 CFT-  Control Frame Triangle 

 CAD-  Computer Aided Drawing/Design 

 

  



11 

 

1 Introduction 
This thesis deals with the conceptual design development of the fuselage for project Re-Wright, which 

was aimed to design and manufacture a tail-less human powered aircraft. This thesis work is meant to 

be a continuation for the Re-Wright, in which many of the masters students from aeronautical 

engineering worked collectively in the courses, TMAL-06,07,08 offered by Aeronautical engineering 

master’s programme in Linköping University.  

The main tasks in this thesis are preliminary study of the  previous research on HPA and Re-Wright till 

date, Fuselage Design verifications and conceptual testing, Concept improvisation, Preliminary 

designing in CATIA, Kinematic analysis, Comparison analysis between the designs.  

Fuselage design verification and concept improvisation, mainly focuses on the limitations of the 

previous model which were observed in TMAL08 course and the conceptualisation of different models. 

The design of the fuselage is developed in an iterative process where a total of six concepts evolved or 

developed. The sixth concept is further developed as it appeared much promising in meeting the 

requirements and designed the CAD model.  

Kinematic Analysis, focuses on the analysis of the robustness of the mechanism which was 

conceptualised and designed in CATIA. This was tested using the DMU kinematics in CATIA, in which 

all the constraints were tested and analysed. Preliminary calculations of the behaviour in the system is 

assessed by theoretical force derived using moments. 

The new design concept is theoretically compared with the old concept with the help of CATIA so that 

the basic comparison of weight could be obtained. The design is then proposed along with its 

manufacturing solutions and alternatives. 
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2 Theory 

2.1 Project Re-Wright 

2.1.1 Overview 

The project Re-Wright can be generally described as a Tailless Human Powered Aircraft. It consists of 

a flying wing design, like in the modern hang gliders with a fuselage hanged pivoting to it. Like in the 

modern hang gliders this aircraft is also aimed to be a tail less design. The fuselage is also connected 

with the system by using control bars. In addition to the wing and fuselage the aircraft comprises of 

Control frame triangle, the kingpost attached to it and the keel which supports and connects all the parts 

(See Figure 2.1). 

 

Figure 2.1: Isometric view of the previous design of Re-Wright Aircraft [1].   

2.1.2 Design Details 

The main components of consideration in the design can be stated as Keel, Fuselage, Control Frame 

Triangle and Kingpost, Control Bar and Stick. The wing design and structure apparently will be out of 

consideration in this thesis project. A brief description about the main components is as follows. 

2.1.3 Keel 

The keel as mentioned earlier can be considered the main component which connects and supports all 

the other parts of the aircraft, this can be reflected as the spine of the aircraft. Its structure comprises of 

two aluminium bars with a rectangular cross-section that can be articulated at the joints. The main joints 

in the keel are the main joint where the CFT is connected with the inner portion of the keel, the pivot 

joint where the fuselage is hung. The wing spars are attached to the outer wall surface of the keel.  The 

main joint of consideration for this project would be the pivot joint, which is a U-shaped groove over a 

structure with rectangular cross section as seen in the following figure (See Figure 2.2) [1]. 
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Figure 2.2: Isometric view of the Keel showing its joints.  [1] 

2.1.4 Fuselage 

The fuselage in this particular model is a complex part compared to the whole aircraft. It is a closed 

structure comprising the transmission system, propeller, landing gears and the pilot. It mainly consists 

of three main joints the top joint, front joint and the bottom joint. 

 

Figure 2.3: Isometric View of the Fuselage [1]. 
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The top joint is reduced to two sub joints, they are 

The sub-joint 1 is a Y-shaped joint connects the middle frame triangle and the pivot tube. The second 

sub joint is attached to the first sub joint and it holds the propeller shaft. It comprises of the gear box 

and also connects the front tube with the front joint. 

 

Figure 2.4: Isometric views of Front Joint, Top Joint, Bottom Joint (From Left) 

The front joint connects the front tube, fuselage base tube and the front wheel assembly. The bottom 

joint connects the middle frame triangle along with the base tube, propeller support tube and the rear 

wheel assembly.  

The fuselage is main interest in this thesis as there were some swivelling issues in the propeller shaft 

with respect to this design. They need to be addressed and it subsequently resulted in the design 

development of the new concept [1] 

2.1.5 Control Frame Triangle 

 

 

Figure 2.5: Isometric views of the CFT and King Post, Middle Joint (From Left) [1]. 
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The control frame triangle is attached to the keel by in the main joint, it connects the fuselage and the 

keel with a torque link and controlled by using the control rod. This helps pitch up and down the wing 

which is attached to the keel. It is a triangular structure in which the tubes are made with carbon fibre 

and the joints and the connections are made with aluminium. The assembly arrangement between the 

control frame triangle and the fuselage can be observed in Figure 2.3. The main joints of the control 

frame triangle are shown below in the figure 2.5 [1]. 

2.1.6 Control Bar and Stick 

The control bar and stick arrangement is used to move the control frame triangle which apparently leads 

to the pitching of the wing. The stick is attached to the fuselage middle triangle and connected to the 

control rod. The free end of the stick incorporates the handle for the pilot to move it and the other end 

is connected with the control rod, which in turn rotates along Y axis of the pin connecting them (See 

Figure:2.5) [1]. 

 

Figure 2.6: Control Bar and Stick arrangement [1]. 

2.1.7   Transmission System 

The transmission of the aircraft works with a pedalling mechanism incorporated in the front joint of 

the aircraft. The pedals and sprocket transmits power through a chain that is connected to the upper 

sprocket which in turn helps the bevel gear arrangement to rotate. These bevel gears are used for 

transferring the force to propeller shaft. This whole system is supported by the front joint and the top 

sub joint 2 (See Figure 2.6).  
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Figure 2.7: Transmission System arrangement [1]. 
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3 Methodology 
The design process in this thesis started with one conceptual idea in view, which further developed and 

evolved as a new concept. Upon investigation of each concept starting with the first concept, the 

drawbacks which were observed in each design necessitated the development of a new conceptual 

design. 

3.1 Overview 
This thesis started to rectify the swivelling motion occurring in the propeller shaft due to the pilot 

pedalling. If observed Figure 2.3, the propeller shaft and the front tube which consists of the 

transmission system are connected with the remaining fuselage structure. In the test rig produced during 

the course TMAL08, there was a swivelling occurring on the propeller shaft. This is because the pilot 

weight and his pedalling force combined, created moments in the propeller shaft. This leads to an 

unstable flight as the propeller rotation would be disturbed and chances of distortion are more in this 

type of conditions. 

3.2 Aim 
The main aim of this project is to generate a concept that can be assessed worthy for the Project Re-

Wright. The concept generated in CATIA should be tested and ensured that the kinematics of the 

selected concept must be functional. The fuselage structure must be promising with swivel free issues 

for the future work.  

3.3 Limitations 
There are a few limitations for this project, since it is a new project and limited sources of references 

available in this field of study. The HPA design for Project Re-Wright is new of its kind as it is claimed 

as the first Tailless Human powered aircraft. Every concept generated have no solid proven grounds in 

the past.  

Hence there is no detailed production or construction documentation because this thesis work is only 

considering the fuselage of Re-Wright. 

There are no economic considerations as the design concepts generated might be subjected to change 

during the future research. 

The sizing of the aircraft is not available as there will be changes taking place in the other components 

as well in the future work. Any dimensions mentioned in the report as per translation is according to 

the trigonometric approximation of the available or previous design dimensions. 

The kinematics of the system is just preliminary to determine the concepts mechanism validity and 

visualisation, so only there is not any detailed force derivations and moment calculations except instead 

used the DMU kinematics. 

3.4 Design Development 
This thesis started with the concept of a retractable transmission system which controls the pitch of the 

wings. As the concept started with an idea, the design developments occurred stage by stage. 

The concept is, based on the Re-Wright design changing the transmission to a 900 vertical transmission 

and using the pedalling system itself to pitch up and down the HPA by changing the angle of attack of 

wings. 
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3.4.1 Concept 1  

 

 

Figure 3.1: Concept 1 

Initially the design development was made by fixing the transmission to the king post and making the 

fuselage frame pivot to the keel such that, the weight of the pilot acts downwards and when pilot applies 

force and push the pedals the whole system will pitch up. The pivot point and the translated movement 

can be observed in the Figure 3.1. The double arrow indicates the movement along that axis. 

Based on this the development started and the initial planning was made by tensioning the kingpost and 

the fuselage by strings and release the tension whenever the AoA is required. The arrangement would 

not be successful as the HPA might work well in the flight conditions but during landing it would not 

be able to maintain the structural integrity. It would be tiresome for the pilot to pedal and maintain the 

position of the keel simultaneously. These mentioned drawbacks lead to a new concept. 

3.4.2 Concept 2 

In this concept the retraction mechanism is created by a winded metallic tape or a string by using the 

release mechanism of a regular measuring tape. This helps the pilot to control the required amount of 

pitch up by releasing the lever in the handle bar and it allows the tape to flow out and produce the angle 

of attack as required. The usage of metal tape or string in this system is for supporting the movement 

of the kingpost whenever the pilot applies force on the pedals to push the system. This overcomes one 

of the drawbacks in the previous concept. The movement and translation is similar to that of the concept 

1. 

This concept is simple in construction and lighter in weight but the drawback is the stiffness which is 

produced only in one dimension as the tape is tensile and tends to bend. So the pilot needs to apply 

constant force to hold the pedals while pedalling, such that the system doesn’t fall back towards him 

and loose the pitch. This is an issue that needs to be addressed as it did not fix the intended purpose 

(See Figure 3.2). 
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Figure 3.2: Concept 2 

3.4.3 Concept 3 

In this concept, instead of the winded tape mechanism, the retraction mechanism is being arranged by 

two tubes linked with a toothed wheel like a torque link like a V-Shaped arrangement, which allows the 

pilot to extend his legs while cycling and able to maintain the position for required amount of time. 

When the pilot needs to retract the wings to cruise AoA by a help of a pin in the wheel he can get it to 

initial position (The mechanism is similar to the Hand brake lever mechanism). 

This mechanism works well and produces stiffness in the static case, where as in dynamic case the loads 

in Y Axis might cause a swivelling motion in the V shape arrangement, which causes an unbalanced 

flight. (See Figure 3.3)  
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Figure 3.3: Concept 3 

3.4.4 Concept 4 

In this concept the retraction mechanism is removed from the bottom of the fuselage and employed in 

between the both edges of the handle and the vertical bars of the fuselage frame. The arrangement is a 

telescopic mechanism which produces required AoA and can be controlled from a custom built handle 

(Telescopic handle of a travel case). (See Figure 3.4)  

 

Figure 3.4: 3-Dimensional view of Concept 4 

This mechanism works in good in still and taxing conditions but it is not reliable in flight and landing 

conditions. As the whole weight of the aircraft should be balanced on the handle bar, it should be robust 

and a fail proof mechanism. This might result in increase in the weight to attain the desired qualities 

(Refer Appendix A Figure 9.1) 

3.4.5 Concept 5 

In this concept, the whole fuselage is being supported by a triangular frame in which a main supporting 

tube holds the fuselage and keel together and the pitching mechanism is worked by a telescopic tube 

that runs in between the control frame triangle and the main fuselage tube. This whole mechanism can 

be controlled by the control rod or the handle shown below.  (Refer Appendix A Figure 9.2) 
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Figure 3.5: Design Evolution of Concept 5 

This design is robust and since it is a closed frame structure it can bear the necessary loads. It is further 

developed in the following concept. 

3.4.6 Concept 6 

 

Figure 3.6: Concept 6 

In this concept the support tube is being translated much further from the pilot position, the telescopic 

tube which runs between the fuselage tube and the control frame triangle is replaced by a Y-Tube as in 

the second stage of the concept 5 so that it could support the structure against the moments generated 

sideways. 
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Figure 3.7: 2-Dimensional view and translated system of concept 6 

The translated system can be seen in figure 3.7 and the double arrow indicates the motion along that 

axis (Refer Appendix A Figure 9.3). 

3.5 DMU Kinematics 

 

Figure 3.8 : Side View of Concept-6 showing Joints or Kinematic pairs 
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The DMU kinematics in CATIA is used to test and visualise the mechanism of the concept generated. 

This is done in three phases, 

 Setup Phase:  

In this phase the assembly model which is generated in CATIA is constrained in the form of 

kinematic chains or Joints in DMU kinematics. 

Every kinematic pair is assigned with a specific joint depending on the function of the joint and the 

intended purpose of the connection. The joints are as follows, (See Figure 3.8) 

1. Revolute Joint – Support Rod and Keel 

2. Rigid Joint- CFT and Keel 

3. Revolute Joint – Y-Tube and CFT 

4. Revolute Joint – CFT and Control Rod 

5. Revolute Joint – Fuselage and Control Stick 

6. Revolute Joint – Control Stick and Control Rod 

7. Cylindrical Joint –  Fuselage and Y-Tube 

8. Revolute Joint –  Fuselage and the Support rod and Sprocket 

The Spars and wing are also connected to the keel by a rigid joint. The revolute joint notifies that 

the components rotates along the common axis between the components which the user fixed. The 

rigid joint indicates that the components are fixed together. The cylindrical joints shows the 

telescopic motion between the Y-tube and fuselage main tube. 

 Simulation Phase 

After all the joints are assigned CATIA computes the mechanism and checks if the mechanism 

works or not. If the joints are functional then it shows that the Degree of Freedom=0 and allows 

mechanism to simulate. If the degree of freedom is more than zero then the mechanism cannot be 

simulated as CATIA cannot compute it.  

 

 Compilation Phase 

After CATIA allows and permits the simulation to run then mechanism can be simulated and 

visualised. It is compiled in this phase using the compiler in DMU kinematics. This is for creating 

a replay and visualise the simulation of the mechanism in a video format. 

The simulated mechanism helps in understanding and analysing the created design. (See Figure 3.9) 

 

Figure 3.9: Sketch showing the translation during Initial position (Left) and Translated position (Right) 

In this figure we can observe that when the control stick is moved, it pushes the control rod which is 

connected to the CFT with a revolute joint. This moves the CFT further, as CFT and the keel is 

connected with a Rigid joint the Keel pivots producing a pitch. The support rod is connected with 

revolute joints between the keel and fuselage so it just supports the structure allowing the keel to pivot. 

The Y-tube is connected with CFT with a revolute joint so when the CFT moves further the Y-tube 
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holds the CFT by maintaining the position in the fuselage as it is a cylindrical joint between the Fuselage 

and Y-tube. 

3.6 Theoretical calculations 
The preliminary calculations are done by using the moment equations and point loads, on the free body 

diagrams for the telescopic system and control stick shown as follows. They are basically done by 

approximating many parameters and neglecting many loads on the aircraft. 

The calculations are done by considering two cylindrical tubes at point loads. After calculating the 

Frictional force P, that P is applied on a stick arrangement which is hinged in between the two ends. 

Considering one end as P and other end as the required force to move the obtained frictional force.

 

 

Figure 3.10: Free body diagram of the telescopic system. 

 W- Pilot weight  

 Ra, Rb – Reaction forces at contact points inside the fuselage main tube. 

 P- Frictional force 

Σ𝐹𝑋 = 0 (1) 

𝜇(𝑅𝑎 + 𝑅𝑏) = 𝑃 (2) 

Σ𝐹𝑌 = 0 (3) 

(𝑅𝑎 + 𝑅𝑏) = 𝑊 (4) 

By calculating moments at (A) we get, Ra and Rb. Hence we get P (Frictional force). 

 

Figure 3.11: Free body diagram of control stick 

Hinge 
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By using the frictional force (P) from above we can calculate the force required by the pilot to move 

the system.  

By calculating the moments at the hinge we get, 

R*b-P*a=0            (5) 

a, b- section lengths of the control stick 

Substituting and cross multiplying the respective values gives us the required force (R) needed by the 

pilot. 
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4 Results 

4.1 Design Details 

4.1.1 Overview 

The design and concept of the fuselage in the aircraft is totally changed compared to the earlier one 

which is presented in the TMAL08 course (see Figure2.1).  The details of the new design are briefed in 

the following sections. The dimensions and sizing of the aircraft can be altered in the CATIA model 

using the parameters. The dimensions shown in all the figures are displayed after several iterations 

based on the structural strength, ergonomics, simplicity in design and ease of manufacturability.  

The design changes mainly took place in the components such as fuselage, support rod, Y tube. Minor 

changes were done to the control frame triangle, keel and the control rods. The wing, spars were used 

unchanged as they do not concern with this current thesis. 

 

Figure 4.1: Isometric view of the assembled aircraft (New Design). 

4.1.2 Fuselage 

The fuselage design development is the crucial part of this thesis work and composes of a complex 

structure. It should be able to house the pilot, transmission and the telescopic mechanism which in turn 

is responsible for the pitching mechanism of the wing (see Figure4.2). 

 

Figure 4.2: Right side view of the fuselage arrangement. 

Z 

X 



27 

 

In the current design, inspite of using a single structure which composes all the other mechanisms, 

multiple parts or components are designed that allows weight reduction and efficiency. The main 

structural frame composes of two tubes, in which the main tube that houses the Y- tube for telescopic 

mechanism and a short tube inclined on the main tube that supports the pilot seat.    

The sprocket and pedals are mounted on the fuselage, the gearbox is mounted on the support rod and 

the chain runs along the support rod which is shown in the later sections. The pilot seat is mounted 

using the lower joint. The rear wheel is mounted using the lower joint and side joints of the fuselage. 

The front wheel is mounted using the sprocket joint as the supporting structure. 

 

 

Figure 4.3: Isometric views of front joint and sprocket assembly (left), front wheel assembly (centre),  lower joint and rear 

wheel assembly (right). 

All the joints are of aluminium and the fuselage construction can be concluded as two main tubes with 

multiple attachments or joints that connects other key components. 

 The front joint is an important joint that connects and holds the fuselage with the help of supporting 

rod to the keel. It helps to pivot at the keel so that the pitching motion can be fluidic. It is a circular tube 

that runs around the main tube of the fuselage and acts a supporting structure for the whole fuselage, 

transmission and the nose gear. 

The lower joint acts a base for the pilot seat and connects the main tube and the rear tube. The lower 

part of the lower joint connects two tubes from the sides which comprises of the side joints. This is the 

robust part of the fuselage and can withstand load while landing. The side joints are additional structures 

that acts as a handle at the free end for the pilot whereas the other end is used to install the control rod 

and stick mechanism which rotates about the Y axis. Apart from that it even supports the landing gear 

by taking heavy impact load.  

4.1.3 Y-Tube 

The Y-tube is one of the important components of the aircraft. It has two functions, to hold the fuselage 

in place and to act as a telescopic tube that is a key component for the pitching mechanism. It consists 

of a central tube that fits into the main tube of the fuselage, on one end of the central tube it consists of 

the bearing and other necessary components for sliding in the fuselage. On the other end it consists of 

two inclined tubes at an angle of 45o which are connected to the control frame triangle (See Figure4.4). 
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Figure 4.4: Left side view and Isometric view of Y-Tube assembly (From Left). 

 

The tube that is denoted with red colour is made of carbon fibre and the joints which connect to control 

frame triangle are made of aluminium. The Y tube moves along the X- Axis of the system where the 

movement in positive direction results in wing pitch down and the movement in negative X-axis gives 

a pitch up. 

The required angle for the cruise is 7.5-8.5O and stall at 12.5O, the maximum allowance of the tube’s 

movement is calibrated and the hard limits to restrict the motion are also designed. The tube needs to 

translate a distance of 330mm for the required take off and cruise conditions. The current design shows 

the possibility of translation of the Y-Tube from 0O to 11.5O but in the model that would be 

manufactured, the default position of the wing would be set at cruise angle. In that case the pilot needs 

to only move Y-Tube up to 3.5-4O, which would approximately be 100mm. This results in lesser load 

on the pilot. 

 The tube sizing can be altered by the parameters in the provided Catia model. The alteration of length 

of the stem decides the structural stability and there will always be a bargain with the force required by 

the pilot to exert on the control stick. 
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4.1.4 Support Rod: 

The support rod holds the fuselage with the keel. It connects the pivot joint of the keel and the front 

joint of the fuselage. The support rod manipulates the motion of the keel by pivoting along the Y axis 

and keep the fuselage in place.  

 

Figure 4.5: Right side view of support rod assembly. 

 The transmission runs along the length of the support tube to which the propeller shaft will be 

connected. As it takes a significant amount of load its joints are made of aluminium and the main tube 

is of carbon fibre.  

4.1.5 Y-Tube Joint 

The main joint responsible for the friction in the telescopic arrangement between the fuselage and the 

Y tube can be constructed using self-lubricating composite bearings and bushings.  
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Figure 4.6: 3-D sectional view of the Joint 

The stopper in the fuselage main tube and the flange acts as the hard limits for the telescopic Y-tube 

movement. It can be decided and altered as per the final sizing. The indicated bearings along with the 

required lubricating components can be housed as shown in the figure. 

4.1.6 Friction force results 

The frictional force that occurs on the telescopic control system is calculated by considering two contact 

points in the fuselage tube. The reaction forces at the two contact points are derived and the inner contact 

point reaction force is considered as the main acting force which the pilot should exert on the control 

system to move the Y-tube. The control frame triangle is equipped with a control rod and stick system 

which pivots along the Y axis of the fuselage. Using the fulcrum of the stick and control the required 

force by the pilot for the current design ranges from 25N to 60N. This force varies depending on the 

length of the stick which can be sized accordingly based on the final design sizing [2] [3]. 

4.1.7 Weight  

The total weight breakdown and individual contribution of each component is shown below. The weight 

calculation is done using the volume of each individual component multiplied by its particular used 

material density. 

The overall empty weight of the aircraft is decreased by 11% and the maximum take of weight (MTOW) 

is decreased by 3%. The fuselage alone gave a weight reduction of 66%. The detailed weight 

contribution is submitted in an Excel worksheet along with the Catia model.  

The weight distribution and comparison is shown in Table 1. 
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Part Component 
Density 

(kg/m^3) 
Weight (kg) 

 

Fuselage 

Tubes 1600 0,3 

Joints 2600 0,8 

 wheel joints 2600 1,4 

            Total                                               2,5 

T-Rod 

Tubes 1600 0,3 

Joints 2600 0,1 

            Total                                                0,5 

Support Rod 

Joints 2600 0,2 

Tube 1600 0,9 

                   Total                                                1,0 

CFT  

Joints 2600 0,8 

Tube 1600 1,0 

                   Total                                                 1,8 

Pin  2600 0,24 

Control Bar 

Tube 1600 0,24 

Joints 2600 0,21 

            Total                                               0,5 

Stick  2600 0,5 

Keel 

Basic shape 2600 2,6 

Pivot Joint 2600 0,1 

Articulation Joints 2600 0,6 

            Total                                               3,3 

SPARS 

 

Outer front spars 1600 2,4 

Inner front spars 1600 3,5 

Rear spars 1600 0,5 

Joints 2600 1,0 

           Total                                              7,5 

Wing            Total                                              3,5 

Manikin           Total                                              69 

Miscellaneous 

 

Propeller  0,5 

Sprocket  1 

Trans  1,5 

Wires 1500 0,1 

Wheels  1 

Seat  0,5 

Fairing  0 

Epoxy + tape  0,5 

            Total                                             5,1 

Total Calculations  Old design % Difference 

Structural  20,6 22,9 9,5% 

Empty Structural+Misc 25,7 28,1 11,3% 

MTOW Structural+Misc+Pilot 94,7 97,1 3,14% 

 

Table 1: Weight Breakdown of various parts of the aircraft and comparison. 
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4.1.8 DMU Kinematics 

In DMU Kinematics after the mechanism is constructed and the kinematic chains assigned, the 

mechanism was able to be simulated and compiled. The mechanism simulation showed the translation 

and motion of the parts of the aircraft (See Figure4.7). The figure shows the initial position and 

translated position in which stick position on change moves the control rod and eventually creates pitch 

for the wing. The dotted line in red denotes a reference line to compare the both positions and the pitch 

of the wing can be observed with a red arc.  

 

Figure 4.7: CATIA simulation side view of Concept 6



5 Discussion 
The discussion about the design is mainly covered in Chapter 4- Results, in the aspect of readers for the 

ease of accessibility of discussion and figures. As this project is not concentrated on the analysis of the 

aircraft in a deeper aspect the main discussion would be on the aircraft components such as Fuselage, 

Y-tube and Support rod. 

5.1 Methodology 
The methodology opted for this thesis work is basically concept evolution. As the aim when started this 

project generated an idea for the first concept, on analysing it there were drawbacks in it which were 

fixed in the next concept. In every concept the drawbacks and merits of the previous concept are 

considered and choose the best parts of each concept in the evolution. All the decisions about each 

concepts were scrutinized by an expert consultation who was the supervisor of this thesis work. 

After all the iterations the Concept-6 was finally selected for the further work as it was a closed structure 

and approximated as it could take the loads in landing and flight conditions. The support rod which 

houses the transmission, would be able to reduce the swivelling motion as the weight of fuselage and 

pilot and the force from pedalling would be not be on the propeller shaft itself. So keeping this in the 

view the project progressed. Though all the concepts and the generated results are not totally accurate 

the mechanism would work efficiently in the real case after further research. 

5.2 Structural Analysis 
The structural analysis of the whole design is done using basic moment equation and force calculations, 

the design stability is tested using the DMU kinematics in CATIA. A deeper analysis is avoided as it is 

not the objective of the project. The loads on the structure and the friction is calculated, so that the load 

that needs to be exerted by the pilot to move the telescopic system is calculated. 

The Finite element analysis (FEM) for the structure was tried in ANSYS static structural. The 

simulations of the finite element analysis did not produce reliable results as there was uncertainty in the 

solution each time the simulation was run. Finally the solution was produced when the material was 

used as structural steel, on changing the material properties there were many errors that raised. As the 

project aim is not to do finite element analysis there was not much consideration given to that. Though 

after certain CAD cleaning and proper research on that model, the FEM analysis would be successful. 

So only it was stated in the future work under structural analysis.  

5.2.1 DMU Kinematics: 

The mechanisms of the design are analysed using DMU kinematics in CATIA V5. The joints are 

constrained as per the real model in the desired way. Using the mechanism the simulation is created, 

the simulation of the design mechanics was visualized and analysed. 

5.2.2 Friction force Calculations: 

The main forces which are occurred in the system are calculated by considering moments at various 

points. The total frictional force in the telescopic tubes and the force that is required by the pilot was 

calculated using moments. Based on the results, necessary conclusions are drawn.  

After the preliminary force calculations are determined and conclusions drawn the force was reduced 

by considering the usage of bearings for the sliding motion. Which resulted with a total force of 25-60N 

which would not be ideally possible for the pilot to move the system. This needs further research, the 

friction reduction methods should be well studied and try to bring the result closer to possibility.  

The length of the stick could be sized depending on the final design sizing which is going to be done in 

the future, by altering the length ratios of the stick the force will also be altered. All the calculations are 

done based on the point loads on the system as shown in Section 3.2, the other loads that affects or 

occur on the flight are not considered for the produced results. [2] [3]. 
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5.3 Manufacturing solutions 
The high friction can be overtaken by using the self-lubricating bushes in the fuselage main tube so that 

the telescopic mechanism of the Y-Tube would be benefited. Using composite dry sliding bearings and 

filament wound bushings produces a very low coefficient of friction ranging from 0.03 to 0.08.  

These bearings would benefit the aircraft in many ways such as, maintenance free operation, no 

lubrication required or only initial lubrication for a few composites, less in weight and compact in size 

and higher wear resistance [2] [3]. 

The load on the pilot could be reduced by equipping a dual control system, i.e. by installing a similar 

control rod and stick system on the other side of the fuselage. This distributes the load between the two 

hands of the pilot and may even help in a balanced flight. 

 

 

 



6 Conclusion  
This thesis is a part and continuation of the project Re-Wright, in which there will be further research 

by Linköping University Masters programme in Aeronautical engineering students. In this project the 

fuselage design is developed in the sixth iteration which seemed promising meeting the requirements.  

As this project is mainly concerned on the development of fuselage design, the holistic picture of the 

aircraft cannot be accurately analysed. So only a preliminary analysis was submitted in the report. All 

the design developments made are fully capable to accommodate different sizing and changes as the 

project Re-Wright progresses.  

Analysis on the kinematics indicated that the mechanism chosen is mechanically possible and 

manufacturable. The manufacturing solutions and design details of components like the transmission 

and propeller would be studied in the future projects. 

The new design produced resulted in a weight drop which benefited the whole project as it would be a 

major gain for a human powered aircraft. This would benefit or accommodate any weight of the new 

mechanisms or reinforcements added to the aircraft as the project Re-Wright progresses. 
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7 Future Work 
The project Re-Wright will continue using the research accomplished in this thesis. The following tasks 

would be done for the development and implementation of this concept: 

 Additional lift or supporting mechanism for the fuselage and keel. 

The additional supporting mechanism between the fuselage and keel will benefit the load on the 

telescopic mechanism, which in turn benefits the pilot. The supporting structure would bear the 

load of the pilot so the movement required for the pitch of the wing would be much easier for the 

pilot 

 Further sliding mechanism for friction reduction. 

The friction between the sliding tubes is one of the main issues that needs to be addressed. The 

friction reduction could be done either by installation of efficient lubrication methods or additional 

support structures. 

 Composite joint study to increase robustness and decrease the weight of the system. 

The composite joint study for the Project Re-Wright is essential as it benefits the weight reduction 

and the structural integrity of the whole HPA. All the reduced weight could be useful by either 

making the HPA lighter or by creating an allowance for additional components in the aircraft that 

increases its performance and efficiency. 

 Deeper analysis on the structural stability. 

The structural stability of the system needs further research as the analysis on this subject is not up 

to manufacturing standard. In deep analysis would conclude the structure’s behaviour in various 

conditions which would benefit the Project Re-Wright team in lesser wastage of resources. 
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9 Appendix A 

 

Figure 9.1: Concept 4- Isometric view (Top Left), Top view (Top Right), Side view (Bottom Left), Front View (Bottom Right) 
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Figure 9.2: Concept 5- Isometric view (Top Left), Top view (Top Right), Side view (Bottom Left), Front View (Bottom Right) 
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Figure 9.3: Concept 5- Isometric view (Top Left), Top view (Top Right), Side view (Bottom Left), Front View 

(Bottom Right) 


