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ABSTRACT 
This is the report of a master thesis in light weight design of a component in a system that harnesses wind power 

with a kite. The thesis is a degree project in Naval Architecture at KTH with the course code SD271X. The design 

work is mostly of a structural nature, but systems engineering, and conceptual design is also a major part of the 

study. The first part introduces the problem where the client, SkySails Power GmbH, is looking to design a new 

control pod for a system that carries 3 times the load as a previous design. The thesis is limited to the design of 

the load bearing chassis of the pod, but because at the time the other sub systems or components have not yet 

been designed, the study includes concept design of the entire pod system. The flight pattern and load cases of 

the kite are studied to get the right understanding of the forces that affect the system. The goal is to design a 

chassis that is as affordable, light weight, and as strong as needed for the task. 

The requirements of the design problem are decided by the master student and the client together after a pre-

study was made but they had minor changes further along the design process. It is a real life, organic iterative 

design process that has a goal from the start to use the opportunity of an outsider to reconsider the design of a 

key component of the client’s product.  

The result is a chassis design that is cheaper to produce and weighs less than if the old chassis would be linearly 

scaled up with the loads. This design has the same concept as the last but with a couple of modifications 

concerning some attachments to the rest of the system. The requirement of maintaining all previous functions 

is achieved. A significant part of the thesis was to determine the boundaries between the areas of where FEM 

modelling is applicable and where hand calculations estimations are necessary. The results from this work will 

be used to build a prototype of the chassis, test it in a tensile testing machine, and finally integrate it into the 

entire system and flown. 

  



3 
 

SAMMANFATTNING 

Svensk titel: Utveckling av chassi för styrenheten i en kite-baserad vindkraftsanläggning 

I en värld som hotas av klimatförändringar på grund av utsläppen av fossila bränslen i atmosfären, men där 

människorna som befolkar den har ett stort behov av energi för sin livsstil finns det ett behov av alternativa källor 

och metoder till att utvinna den. Ett relativt nytt och hållbart sätt till detta är kite-baserad vindkraft. Man 

använder sig av en skärm eller drake, lite som en fallskärm fast i större storlek, som är kopplad med en vajer till 

en bas-station där vajern rullas upp på en trumma. Skärmen fungerar som en vinge och skapar ett lyft när den 

flyger i kors-vind och rullar ut vajern på trumman som fungerar samtidigt som en elektrisk generator. Alternativt 

låter man skärmen ha ett konstant avstånd och har bas-stationen installerad på ett fartyg och använder lyftet 

från skärmen till att driva fram fartyget.  

Ett av företagen som arbetar med att få denna teknik lönsammare än konventionell vindkraft i vissa väder och 

geografiska lägen är SkySails som gav i uppdrag som examensarbete att utveckla en ny modell av chassit till 

styrenheten till sitt kite-system. Styrenhetens ligger mellan skärmen och vajern och har som huvudfunktion att 

styra draken som görs med en mindre elektrisk motor och ett tandat bälte. Dessutom innehåller styrenheten 

mycket elektronik och sensorer vilket gör utvecklingen till ett komplext problem. Studentens två huvuduppgifter 

var göra en konceptuell utvecklingsstudie av hela styrenheten och att utveckla ett chassi, till ett stadie att den 

går att tillverka från ritningar, för det mest framgångsrika konceptet. Chassit måste tåla hela skärmens laster och 

kosta och väga så lite som möjligt.  

Designprocessen var iterativ med ett systemingenjörsmässigt angreppssätt. Första delen av tiden ägnades åt att 

studera den befintliga styrenheten och lära sig om hela kite-teknologin. Sedan sattes tydligare och mätbara mål 

och specifikationer tillsammans med uppdragsgivaren. Därefter började den kreativa fasen och skissa fram både 

konventionella och okonventionella koncept för hela styrenheten. De tre mest lovande koncepten utvärderades 

mot de tidigare satta kriterierna så kvantifierbart som möjligt och det visade sig att det koncept som hade 

används var fortfarande det bästa. Sista fasen av arbetet var att sätta gränssnittet för chassit i detta koncept och 

designa chassit så lätt som möjligt.  

Resultatet blev ett liknande chassi jämfört med vad det var innan men med en vikt som var lägre än om det förra 

chassit hade ökat sin vikt lika mycket som lastökningen. Kostnaden för chassitillverkningen gick ner i absoluta 

termen på grund av byte av material och tillverkningsmetod. Av detta kan man påstå att examensarbetet var 

framgångsrikt och nådde sina mål. Däremot måste en prototyp tillverkas testas i för att fastställa att modellerna 

som tog fram designen motsvarar verkligheten. Dessutom måste de andra komponenterna tillverkas i för att hela 

styrenheten kunna testas så som den är avsedd att användas. Chassit och styrenheten är bara ett steg på vägen 

till en hållbarare värld men metoderna som användes kan återanvändas.  
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INTRODUCTION TO THE DESIGN PROBLEM  
In this first chapter the potential and basic concept of kite power is described to give an understanding of the 

context in which the thesis work does its design. Following is a description of the constituent of the task, SkySails 

Power GmbH, and its kite-products key features. Finally, with enough background, the problem formulation of 

the thesis is presented.  

THE OPPORTUNITY WITH AIRBORNE WIND ENERGY 

Kites have been used far longer than any flight technology and were invented by the Chinese in the 5th century 

BC (Deng 2005). In the 19th century, European weather stations began using kites to lift instruments to get 

different measurements from higher altitudes (Ahrens 2013). Kite surfing has become popular over the last years. 

Some sporting boats also use kites as propulsion like Kitetender and Kite Boat Systems (kitetender.nl & kite-boat-

systems.com). Merchant ships are experimenting with using kites as auxiliary propulsion created by SkySails. 

Now, kites are even developed to generate electricity first started by the Technical University of Delft but now 

includes a number of both academic institutions and companies (awesco.eu). 

Kites are basically a tethered wing that uses wind to lift it from the ground. Kites are usually designed to have 

passive control to stay airborne, but if active control is used, with for examples additional steering lines, more 

lift can be generated from the system. This is because the apparent wind speed can reach much higher speeds 

than the actual wind speed when the kite flies in cross wind. Together with the fact that wind speeds at higher 

altitudes, which kites can reach, are stronger and more stable than of those closer to the earth’s surface which 

gives kite potential to be more efficient than conventional wind turbines. In addition, significantly less material 

is needed for the entire kite system, although they have to be rather high performing (Ahrens, U et al 2013). 

For electricity generation there are a number of different variants of kite systems: on board power generation, 

ground-based power generation, flexible/rigid wing, multiple wings, and lighter than air. The ground-based 

power generation is the one treated in this case, and the concept is that when the kite is flown higher and the 

tether rolls out of the drum, the drum acts as an electric generator. The kite is reeled in when the kite is flown in 

a static manor. This requires less energy than what is obtained in the reeling out phase. These cycles are repeated 

to create on average a steady supply of power (Ahrens, U et al 2013). 

SKYSAILS AND THE CONTROL POD 

SkySails is a German company founded in 2001 and is the market and technology leader in the field of 

automated towing kite systems. They started off developing flexible-wing kite propulsion systems to larger 

ships but have now diversified into three areas: SkySails Marine Performance - monitoring ship fuel 

consumption, SkySails Yacht - kite propulsion systems for yachts, and SkySails Power - an electricity generation 

kite system based on the same technology. Presently the company employs around 40 people. SkySails got 

known for selling a 320kN towing kite system to a 180m long bulk carrier and now has collaboration with a 

Swiss foundation - Race for Water that operates a catamaran powered on solar, kite and hydrogen. 

(SkySails.info) 
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FIGURE 1 SKETCH OF SKYSAILS KITE SYSTEM FOR A SHIP PROPULSION APPLICATION. THE SYSTEM IS PLACED AT THE BOW OF A CARGO 

SHIP AND IS IN THE LAUNCH PHASE. 

As seen in figure 1, the SkySails kite system is composed of sub systems: a kite, control pod, high-tension line, 

ground station (towing point, drum, winch...), and a control station. One of the patents and key developments 

of SkySails is a kite where the steering is done by a control pod, situated under the kite much like a person 

under a paraglider. This pod includes an electrical motor that drives a belt that is attached to lines that go to 

both ends of the kite, electronics for the motor to be remotely steered, and a number of other components. 

The latest kite model that is used on Race for Water has a battery pack with a capacity of 8 hours of operation. 

In the earlier kite system for the cargo ships, the pod had a power cable connected to the ship, which gave it 

unlimited operation time.  For automated flight the pod has anemometers to measure the apparent wind 

speed. As the kites for commercial applications fly at line lengths of hundreds of meters, it would be both 

unpractical and impossible to steer it if the steering lines would follow all the way to the ground station. There 

would be a risk of entanglement and a significant delay of the control since the material of the lines behaves 

elastically at these lengths. 

PREVIOUS CONTROL PODS 

SkySails has used control pods of different configurations in their kite system since they started their kite 

business. The first pod was designed for a 6 m2 kite and was then scaled to a 10 m2. Later the systems were 

developed to stand a certain load that could use multiple different kite sizes depending on the wind conditions. 

These were 20kN, 40kN, 80kN, and 160kN (the left image in figure 2). The largest pods built at SkySails were for 

the 320kN System for towing cargo ships. Those pods weighed around 70-80 kg and had large gears to move the 

belt. A planetary gear house was placed inside the cogwheel, and the angle between the belt and kite lines was 

adjustable. 
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FIGURE 2  PICTURES OF OLDER KITES. LEFT: 160KN POD, MIDDLE: 7TH EDITION OF 20KN POD, RIGHT: 9TH VERSION OF 20KN POD. 

After the era of large ships, smaller kite systems for yachts were developed and the pods changed with them. 

Light-weight and manual handling became higher priority. The kite sizes range from 20m2 to 40m2 and the 

maximum design load of these systems was limited to 20kN.  

The seventh pod version, the middle image in figure 2, had a carbon fibre chassis reinforced with carbon rods. 

The two plates were parallel but front and back instead of right and left. The motor was not on the same axis as 

the belt wheel. The electronics were incorporated to the chassis and the fairing provided all protection. This 

proved to be problematic those times when the pod landed unintentionally in water, since it was hard to 

guarantee water tightness.  

The ninth version, on the right in figure 2, was a compact version and an effort to reduce manufacturing costs 

and complexity. The drive house was an integrated part of the chassis. The electronics were fixed to the chassis 

and the fairing could provide a better sealing than before. However, the second area moment of inertia around 

the vertical force axis was very high and caused an unstable flight. The way to adjust the angle between the belt 

and kite lines was to attach different modular blocks at the attachment points that the relative angle could be 

controlled.  

The current pod is iteration 11, designed for 20 kN loads, and is described in more detail in the Requirements 

chapter. This is used for both Yacht and Power applications and the next pod shall also be possible to use for 

both applications. 

AIMS AND OBJECTIVES OF THE THESIS 

At the time of the start of this master thesis, SkySails works with a 20 kN system. This system includes a kite, a 

control pod, a tether and a ground station. For their system to be more interesting as a serious option as a 

renewable energy producing technology for investors, the capacity of the system must increase to be able to 

compete with conventional wind energy. The next step for SkySails is to scale up their system 3 times which 

would be a 60 kN system. Most of the components, at least the load bearing ones, need to be redesigned, which 

includes the control pod.  

The task of the master thesis is to design the load bearing chassis for this new 60 kN control pod. SkySails as 

stakeholder expects it to be designed as cheap, light and strong as possible while not hindering any of the other 

current functions of the control pod. At the stage of the start of this master thesis, the other components of the 

control pod have not been developed and one wish from SkySails was that the thesis would start with a more 
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conceptual, ‘outside-the-box’ study of the entire control pod to give an outsider’s perspective. This would be an 

opportunity for SkySails to find a better design or simply to confirm that their current design of the control pod 

is the best for time being. 

This requires a background study on all the main functions of the control pod and the main interfaces to the 

chassis. In addition, an in-depth analysis on the loads on the chassis has to be made in order to quantify the load 

requirements. At least three control pod concepts should be considered in the pre-study, and one of them will 

be analyzed and a detailed design of the chassis shall be done of it. The final deliverable of the thesis is a technical 

drawing of the chassis so that a price offer can be obtained from a manufacturer. The result of the master thesis 

will be used at SkySails to manufacture a prototype for their next control pod.  

Finally, the thesis will also evaluate the process of systems engineering design and compares it with the theory 

of it described in a paper written by the examiner of this thesis (Rosén 2017). The evaluation will be done based 

on the student’s thesis work experience and will be presented in the Validation and Conclusion chapter. 
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SYSTEM BOUNDARIES & REQUIREMENTS 
A significant part of this work has been setting up the boundaries for the problem. First, the boundaries of the 

systems of both the pod and chassis are defined. The current functions of all the components in the pod and how 

they affect any chassis design are described. Next, the client’s initial wishes are stated and after a background 

study, these are translated into requirements, which can be found in the Appendix A. The load cases are analyzed 

and reaction forces solved. These results are used to set a method that verifies the structural requirements of 

the chassis. The steering function of the pod and the chassis effect on it is the final section of this chapter. 

CONTROL POD SYSTEM BOUNDARIES 

The system of the pod is between the towing line and the kite with lines. There is one interface with the towing 

line and three with the kite as shown in figure 3. 

1. The Bottom attachment to the towing line. This point carries the entire design load. At the moment 

the towing line runs around the bottom cylinder of the chassis, but new concepts for this connection 

are to be considered.  

2. The Top attachment to the bridle system, or the main tree of lines with passive pulleys. This is where 

the major part of the forces from the kite is transferred. Here a plate, the bridle comb, with two 10 

mm holes is part of the kite system and the pod is connected to it by two bolts that connect the 

chassis to the kite.  

3. The Right belt attachment connects the pod to the right hand side steering lines of the kite with a 

shackle. As the name indicates, the steering forces are transferred through this point, but also in static 

flight a non negligible part of the force is transferred through it. 

4. The Left belt attachment is analogue to the right belt attachment. 

 

FIGURE 3 LEFT: FIGURE OF THE KITE AND POD. RIGHT: FIGURE OF THE POD AND ATTACHMENT POINTS. 1 IS TO TOWING LINE, 2 IS TO 

BRIDLE SYSTEM (ALSO CALLED PASSIVE PULLEY SYSTEM), 3&4 ARE ON THE BELT AND CONNECTED TO THE KITE STEERNIG LINES. 

 

CURRENT CONTROL POD DESIGN 

The pod consists of several components that will also have to be considered in the chassis design when they have 

to maintain their separate functions. The components are shown in the figure 4. 
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FIGURE 4 A DETAILED MODEL OF THE 20KN POD THE LATEST 11TH VERSION. THE FAIRINGS ARE TRANSPARENT ONLY IN THE FIGURE. 

The reason that the chassis is not perpendicular to the base of the fairing is that in flight the line is seldom 

vertical from the ground station but instead further down wind. During flight this angle creates less drag on the 

pod because of the pod’s trajectory. In the table 1 the main functions of each component are described. A 

more detailed description of what requirement they put on the chassis design is also found in the Appendix A.  

The drive group consist of all the components that contribute directly to the driving of the belt that steers the 

kite. These components are the drive house, gear box, and electric motor. The drive house is a structure that 

houses the sprocket, bearings, and sealings, and attaches the drive house to the control pod chassis. 
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TABLE 1 A LIST OF THE COMPONENTS OF THE CURRENT CONTROL POD INCLUDING MAIN FUNCTIONS AND DESIGN CONSIDERATIONS  

 Table of pod 
components 

Main function Design Considerations 

1 Chassis Load bearing structure and 
attachment structure for other 
components 

 

2 Drive group Turn the drive wheel for steering of 
the kite 

See steering requirement 

3 Electronic box Control the drive group and belt and 
process the telemetry from different 
gauges 

Includes IMU that has to be 
a fixed position. Access to 
cables 

4 Battery pack Power supply of the pod Should be easy to change 
during operation 

5 Fairings (2) Cover and protect the pod Should be easy to change 
during operation 

6 Anemometers (2) Measure wind speed for automated 
flight  

Placed in a position where 
the wind-flow in as true as 
possible 

7 Second actor Provide air brake feature for kite Line has to come out on the 
top of the pod 

8 Belt Pull the steering lines of the kite See steering requirement 

9 Antenna Sends and receives signals between 
the ground station and pod 

Positioned in direction 
towards ground station 

10 Transceiver Processes the signals for the antenna - 

11 Kite lamp Lights up the kite in night flight Positioned in direction 
towards kite 

12 Strain gauges (2) Measures the towing force in the pod Placed on flat surfaces 
where the main load passes 

13 Blink light (not in 
picture) 

Better visibility of airborne system Placed on back of pod 

 

WEAKNESSES AND IMPROVEMENT OPPORTUNITIES 

Some weaknesses of the current control pod are that its chassis made of titanium, which is a high performing 

material but is rather expensive to work with. The manufacture cost of the current chassis is a drawback because 

it reduces the number of chassis made for product development purposes. The drive house is not sufficiently 

attached to the chassis if the loads would be 3 times higher. The outside of the pod is rather streamlined but has 

still some areas where there is a risk that the kite lines can get entangled to the pod during stowing of the kite. 

The anemometers are one of these appendices. For yacht applications there is a risk that the pod could scratch 

the surface of the vessel like solar panels or paint.  

CHASSIS BOUNDARIES 

The purpose of the chassis is to carry the loads from the kite to the towing line and provide means of attachment 

for the rest of the components in the pod. The current chassis is made of titanium because of its superior weight 

to strength ratio. The structure and manufacturing method of the chassis is simple and economic. It consists of 

two symmetrical plates that are welded to cylinders that hold the plates apart at a distance that provides a good 

space for the drive group and the other components. The plates are laser cut into desired shapes as seen in figure 

5. 
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FIGURE 5 A MODEL OF THE ASSEMBLED TITANIUM CHASSIS OF THE 20KN 11TH VERSION. THE TWO SIDE PLATES ARE WELDED TO THE 

TOP AND BOTTOM CYLINDER.  

The large hole in the middle allows the steering belt to go through and the oblong holes are there to make the 

angle between the steering belt and main line tree of the kite adjustable for different shaped kites, so that the 

tear of the belt is minimized. The cylinders are to provide mean of attachment for the lines, and the rest of the 

holes are to provide means of attachment for the rest of the components. See table 2 for more detail. The 

strengths of this design are the light weight that comes from the simple geometry and use of titanium. 

TABLE 2 LIST OF INTERFACES BETWEEN THE CHASSIS AND THE COMPONENTS IT IS ATTACHED TO IN THE CONTROL POD 

Chassis interfaces   

Towing line Around the bottom cylinder. 

Drive house Four M8 bolts in the long arc slots holes on both plates. The large 
hole to allow belt to pass through.  

Kite Line bridal bolted to the two holes in top structure. 

Electronic box Two clamps around bottom cylinder of chassis and one M5 bolt 
through one plate. 

Fairing & battery pack Back fairing with three M4 screws through each plate. Battery pack 
hooked on chassis bottom cylinder and front fairing ‘clicked’ on a 
spring loaded mechanism in hole of top chassis cylinder. 

Kite Lamp Bolted with two screws on top structure behind bridal comb 
attachment. 

Strain gauge With two screws in plate. 

Anemometers Inserted into bottom cylinder with sealing and screwed with a M4 
into the plate. 

Second actor Two M4 bolts on both plates.  

LIST OF REQUIREMENTS 

At the start of the project the client had some wishes for what the chassis design should achieve according to 

Appendix D.  These wishes were taken into consideration during the background study phase and after it a list of 

requirements was suggested by the master student, then edited and approved by the client. The requirements 

have been modified during the course of the project and modifications can be found in the Appendix A. The final 

list is here: 

1. The Chassis shall maintain structural integrity within defined limits and load cases from the external 

loads of the kite, belt and towing line 
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2. The Chassis should provide means of attachments to the defined component groups, so that the 

component groups can maintain their functions 

3. The faring should fit all components that need to be inside, or the components fit inside the fairing. 

Reusing the old fairing mould should be considered in at least one design concept 

4. The way the components of the control pod are attached to the chassis should not lose performance 

because of vibrations caused during operation in flight  

5. The Chassis and faring should have (and remain) an appealing appearance 

6. The total weight of the pod excluding an eventual Ram Air Turbine (RAT) should not exceed 15 kg of 

mass. 

7. The chassis designs should provide enough detail for a manufacturer to provide a price offer 

8. The pod should be easy to handle and ergonomic. The chassis and fairing play a large role in this 

requirement for the pod 

9. The environmental impact of manufacturing and material choice should be considered in the design 

process 

10. The aerodynamics of the pod should be considered in the design process. The shape and size of the pod 

should not create any unnecessary drag that would reduce the performance of the kite. 

11. The pod, chassis and fairing should have some handling resistance and withstand a 1 m drop 

12. Each mean of attachment should be easy to assemble and disassemble, and only require simple hand 

tools 

13. The design should take into consideration the scalability 

14. The chassis shall not loose performance due to corrosion 

These requirements were set for a looking over the chassis concept and thus the whole pod. That is why the 

requirements do not only address the chassis explicitly. The two main requirements are listed first, and they are 

treated in further detail in following sections. The first main requirement, also called the structural criteria, is sub 

divided into 4 requirements and the second main requirements, considering the maintenance the current 

functions, is further divided into 13 sub requirements, one for each component of the pod. The sub requirement, 

called the steering requirement is further divided into 4 sub-sub requirements. See Appendix A. 

The production cost of the chassis, and other cost due to a modification in other parts, has not been included as 

a requirement, as it is instead set as a design goal. The design goal is not a requirement that the design has to 

comply with but is that variable in an optimization problem that the calculation tries to minimize. The secondary 

design goal is the weight of the chassis, and in extension the weight of the whole pod. There is however, an upper 

limit as a requirement set by the client as the design requirement 6. The maximum weight of the chassis itself 

has not been defined in the requirements because the first part of the thesis is to study the whole control pod. 

STEERING REQUIREMENT 

The steering requirement is one of the sub-requirements and describes in more detail how the control pod shall 

maintain its ability to steer the kite in a new design of the control pod. The same concept of kite-steering from 

the control will be used in the new design and therefore it is crucial that a new control pod design doesn’t 

compromise the steering function. The steering of the kite is done by attaching both edges of the kite to a 

toothed belt that runs through the pod. An electrical motor drives a sprocket, a toothed cog gear, that in shifts 

the belt in one or the other direction. This causes the lengths of the lines to the kite to asymmetric and the kite 

will turn in a right/left direction.  

For the steering of the kite to function smoothly and in a robust way there are a couple of requirements (in the 

list of requirements noted as sub-sub-requirements) on the chassis.   
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1. The centre of mass of the entire control pod can cause undesirable movements while steering if its 

position is not considered. The pod can be assumed to rotate around an axis, called henceforth the main 

load axis, because the pod is attached in ball-joint like joints at both top and bottom attachments to the 

kite and tether. This implicates that this is the only degree of freedom that the pod can move separately 

in relation to the kite. Accelerations during flight will create forces on the mass of the control pod and 

this leads to motion around the load axis if the centre of mass is situated far from the axis itself. The 

requirement is that the centre of mass, during the design of the control pod and its chassis, should have 

the centre of mass as much as possible on the load axis. 

2. The new control pod is also planned to be used as a testing platform for new kite designs and sizes. The 

steering belt comes in to the control pod at different angles depending on the size of the kite. If the belt 

comes in at a less than optimum angle the belt wears down faster. For the control pod to be used for 

different sized kites this belt angle (see figure 6) should be adjustable by an operator between flights 

when kite sizes are changed.  

3. (This criteria has been removed from the official thesis report by SkySails wish) 

4. The belt spread angle, see figure 6, is to be 45 degrees for all sizes of kites. 

Criteria 2 and 4 ensure that the belt can operate and not degrade faster than intended. The centre of mass is 

important for a stable flight but has to do with the assembly of all the components, seen in next chapter. 

However, point three needs a more detailed explanation.  
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Figure  

STRENGTH REQUIREMENT 

This section describes the first main requirement, that the chassis shall maintain structural integrity, in more 

detail and how the requirement can be measured and validated. First described is when in flight do the highest 

loads occur. Secondly, an understanding of the load case is established. Finally, this section described how the 

validation is planned to be performed using the load case in a Finite Element analysis study of the chassis. 

FLIGHT PATTERN 
In a work cycle of either a Yacht or Power kite, the kite flies in cycles of an eight, or more precisely as an infinity 

sign. The maximum tension in the line because of the lift force occurs when maximum apparent speed has been 

reached, as lift is a function of the speed squared. This happens where the stars have been drawn in the figure 

7. The steering forces are included when the kite is turning and the inner belt of the kite has higher tension than 

Control Pod side view Control Pod front view 

Belt spread angle 

Belt angle 

Main Load axis 

FIGURE 6 SKEMATIC SKETCH OVER THE STEERING FUNCTION OF THE CONTROL POD. THE TOP 2 DESCRIBES THE TERMS BELT ANGLE AND 

BELT SPREAD ANGLE. THE BOTTOM FIGURE DESCRIBES THE HOW THE DISTANCE OF AXIS OF ROTATION FOR THE BELT ANGLE IS 

DETERMINED. 
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the other. This means that the worst case scenario is when both forces are at their maxima and the forces to 

take into account are the superposition of both tension and steering forces.  

 

FIGURE 7 AN ILLUSTRATION OF THE FLIGHT TRAJECTORY OF THE KITE IN NORMAL FLIGHT KONDITIONS. THE FIGURE 8 CAUSES THE HIGHEST 

LOADS ON THE POD WHEN TENSION FORCES FROM THE KITE ARE THE HIGHEST AND WHEN THE BELT IS PULLED TO CAUSE THE KITE TO 

TURN.  

EXTERNAL FORCES  
The external forces on the chassis that are stated in the requirements are the tensile loads, steering loads from 

the belt and g-forces of the drive group, which carries the major weight in the pod that is attached to the chassis. 

However, the drive group weighs 1.8 kg in the new pod which would give a centrifugal force of 268N, if 15 g is 

assumed as maximum centrifugal acceleration, which is only a fraction of the other forces (as seen later). Hence, 

in this study the dynamic forces are neglected.  

The forces on the chassis are applied in three points of the chassis, as shown in figure 8, and are assumed all to 

be on the main load axis. In this coordinate system the origin is set at the towing line attachment, point A. The 

x-axis is in the flight direction while the z-axis is load-axis. The y axis is normal to the side plates of the chassis. 
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The points of force application are the points A, B, and C. At point A the FA force is the towing line force. Because 

this force is in the opposite direction of the other external forces its value is equivalent to the design load. At 

point B the belt forces FB1 & FB2, the right and left belt forces. Their resultant is called FB. The Belt spread angle, 

as in figure 6, is β1 and the belt angle is called β2. Finally, at point C the resultant of forces from the bridal system 

is called FC.  

The requirements state only the design load, which corresponds to the absolute value of FA, the angles and 

magnitudes of all the belt forces. The Forces in point C are unknown. The system can be assumed to be in a static 

state in relation to the kite and so the unknown forces can be solved using a system of equations. 

Following is the solution of the systems of equations using numerical values. The solution are all the forces on 

the chassis and will later be used on a Finite Element model. The safety margin is chosen to be accounted for in 

the reference load, which is the design load times the safety margin, as in table 3. For reasons discussed in the 

Methodology chapter, the reference load is set to 200 kN. The belt factor is how many percent absolute value of 

each of the belt forces are of the reference load. The steering factor is how much the steering is of the reference 

load.   

TABLE 3 THE NUMERICAL VALUES FROM THE REQUIREMENTS OF THE EXTERNAL FORCES 

Known variable Value 

Reference load - RL (with fatigue 
margin) 

200 kN 

Belt factor (bf) 15% 

Steering factor (sf) 4% 

β1 (belt spread) 45° 

d1* (distance from A to B) 0.19m 

d2* (distance from A to C) 0.34m 
 

d1 

d2 

A 

B 

C 

x 

y 

z 

β1

FB2 FB1 

Fc 

FA 

Symmetry-reference line 

β2

Control Pod side view Control Pod external forces 

A 

B 

C 

Load axis 

FIGURE 8 ILLUSTRATES THE FORCES THAT ARE TAKEN INTO ACCOUNT WHEN CALCULATING THE VERIFICATION LOAD CASE.  
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The values for the force in point B can be calculated by adding the two belt forces when the absolute difference 

of them is equivalent to the steering force. 

�̅�𝐵 = �̅�𝐵1 + �̅�𝐵2 = 

= 𝑅𝐿 ((𝑏𝑓 + 0.5𝑠𝑓) [

cos(−β1) sin(−β2)
sin(−β1)

cos(−β1) cos(−β2)
] + (𝑏𝑓 − 0.5𝑠𝑓) [

cos(β1) sin(−β2)
sin(β1)

cos(β1) cos(−β2)
]) 

 

The force application points are all assumed to be ball joints, taking no or little torque. This makes the system of 

equations solvable and is a reasonable approximation because the towing line is attached by contact in a groove 

and the line itself is flexible relative to the chassis and would direct itself according to the forces. The top 

connection is similar in the sense that the kite lines are flexible. For the application point B, the external force to 

the chassis is carried similarly through the flexible belts.   

The unknown variables of this problem are all the components in the forces FA and FC. There are 6 force and 

moment equilibrium equations: 3 force and 3 moment, equilibriums to solve this problem with 6 variables. The 

moment equation around the z-axis is trivial because all of the external forces have their vectors going through 

that axis, as seen in figure 8. This means that none of the forces have a lever arm in relation to that axis and will 

therefore not induce any moment either. That equation is replaced by an equation stating that the absolute 

value of the FA force is equal to the reference load. Now the system of equations has a single solution.  

∑ 𝐹𝑥 = 𝐹𝐴𝑥 + 𝐹𝐵𝑥 + 𝐹𝐶𝑥 = 0 

∑ 𝐹𝑦 = 𝐹𝐴𝑦 + 𝐹𝐵𝑦 + 𝐹𝐶𝑦 = 0 

∑ 𝐹𝑧 = 𝐹𝐴𝑧 + 𝐹𝐵𝑧 + 𝐹𝐶𝑧 = 0 

 

∑ 𝑀𝐴𝑥 = 𝐹𝐵𝑦𝑧𝐵 + 𝐹𝑐𝑦𝑧𝑐 = 0 

∑ 𝑀𝐴𝑦 = 𝐹𝐵𝑥𝑧𝐵 + 𝐹𝑐𝑥𝑧𝑐 = 0 

 

𝑅𝐿 − √𝐹𝐴𝑥
2 + 𝐹𝐴𝑦

2 + 𝐹𝐴𝑧
2 =  0 

The solution of the system of equations is solved using Matlab’s inbuilt fsolve function, see Appendix E. The 

inputs in the function are the known variables from table 3, and the same results are achieved regardless of 

starting values of the unknown. Different belt angles were tested and the results of the components of the three 

external forces are presented in table 4.  

TABLE 4 THE RESULTS FROM THE SYSTEM OF EQUATION SOLVING FOR THE UNKNOWN EXTERNAL FORCES. LOADS IN KN. 

Design Load 200kN Belt angle 0 Belt angle 18 Belt angle 25 

Fax  0 5,0 6,9 

Fay 2,2 2,2 2,2 

Faz -200  -200 -200 

Fbx 0 -13,1 -17,9 

Fby -5,7 -5,7 -5,7 

Fbz 42,4 40,3 38,5 

Fcx 0 8,1 11,0 

Fcy 3,5 3,5 3,5 

Fcz 157,6 159,6 161,4 
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The solutions to the problems are the basis of setting up a FEM model in SolidWorks to test the strength of 

different chassis designs.  

The relative change of the magnitude of the force between 0 and 25 degrees in z-direction at point B is -9.4%. At 

point C, the change in only 2.4 %. This impact the belt angle has on the forces is non-negligible but not significant. 

That said, the majority of the stresses will be caused by the tension loads. 

VERIFICATION METHOD 

For the strength requirement the chassis is modelled as an assembly in SolidWorks and is run through the static 

load case simulation. There are several alternatives to model this load case regarding the boundary conditions, 

but the method used was chosen due to its simplicity and relative accuracy. A fixed support on either of the top 

or bottom load application point and adding the rest of the forces from the table 4, calculated in the external 

forces section, reasonable results were achieved from the FEM-model. SolidWorks has a feature that calculates 

the reaction forces in the fixed support of a model, and when the loads were added on a chassis as previously 

described those reaction forces were very similar to the calculated forces. The error between the forces 

calculated by SolidWorks and manually were under 1 %. This means that the moments in the fixed support are 

negligible and is a validation of the external force method. 

The other components of the control pod are given the material properties, in SolidWorks, that they are designed 

to have. The drive house is included in the study as a single component to give more realistic load paths than 

without a drive house included in the study.  

The component contact is chosen to non-penetration contact with 5 % friction. The pivot point of the drive house 

to the plates had to be set to a welded contact, otherwise the FEM analysis failed because of diverging solution 

for the solving of the mechanical equilibrium. Washers are added to the cylinders so that screws can be modelled 

into the assembly, going as deep as the plate. These are necessary to model otherwise the assembly diverges 

and doesn’t find a solution. 

The loads are applied as the figure 9 and a mesh of 10 000 elements had a solution that started to converge. 

From the results of this simulation, the von Mises stress is chosen to be monitored. If the results of the FEM study 

do not have stresses over the yield stress of chosen material for the chassis, then the chassis design complies 

with the strength criteria. 

 

FIGURE 9 DESCRIBES WHERE THE FORCES AND BOUNDARY CONDITIONS ARE APPLIED IN THE VERIFICATION LOAD CASE IN SOLIDWORKS 

FINITE ELEMENT ANALYSER. 
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The chassis is modelled and analysed in 4 different load cases: one with the fixed support boundary on the 

bottom cylinder and one at the top, and one with the largest angle of 18 degrees belt angel and one with 0 

degrees belt angle. This is to detect any major deviation of results of the stresses at areas near boundaries of the 

FEM model. 

If one of the analysis has higher von Mises stresses than the yield limit, the design can still comply with the 

strength requirement, if an explanation thereto is given. If the higher stresses are caused by meshing resolution, 

points of singularity, proximity to boundaries or loads, component contact areas then the model does not reflect 

the reality it attempts to analyse.  

The chassis will be loaded repetitively over a longer period of time which requires taking fatigue into account. 

The kite in a Power application is designed to fly continuously over a longer period of time, while the Yacht 

application flies in shorter but more irregular patterns. The table 5 describes number of cycles of a 20kN SkySails 

Yacht application. Aluminium is considered for the chassis material and the limit of cycles over which fatigue 

tests stop testing is 107 cycles. This is where the fatigue stress limit for a material is set. As seen in table 5, the 

number of cycles that a chassis would undergo during a year in operation is very close to this fatigue limit. That 

is why the fatigue limit of the material is set as the stress limit for the chassis in the FEM-analysis and strength 

requirement verification.  

TABLE 5 SHOWS HOW MANY CYCLES THE CHASSIS CAN BE LOADED WITH DURING A YEAR. 8 SECONDS PER CYCLE IS WHAT PREVIOUS KITES 

HAVE FLOWN.  

Seconds/cycle Cycles/minute Cycles/hour Cycles/day Cycles/year 

8 7.5 450 10800 3,9x106 
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DESIGN PROCESS 
This chapter describes the process of the design and what methods were used to come up with the final result. 

First there is a conceptual study on the entire pod system. Next, the material choice for the chassis is justified. 

Following it is a section on the decision of interfaces to the chassis from other components, and since it is part 

of the design work it has not fallen under the requirements chapter. The two main components that have been 

dealt with are the drive group and the towing line interface. The other components are described how they will 

affect the chassis design without any further work on those particular components. Finally, the optimization 

problem of the chassis can be described. The results are presented in the next chapter with a couple of iteration 

steps. 

CONCEPTUAL POD DESIGN 

One part of the thesis is to look at the whole pod concept with new eyes. After understanding the current pod 

and its strengths and weaknesses an attempt was made to find better alternatives for the whole pod concept 

using the requirements as guide lines. Three design concepts are presented here in full, but there are several 

other ideas as well presented. It lists every design requirement and compares each design concept with it. To 

keep this design phase brief, no FEM-analysis was made on these chassis. A qualitative analysis was made instead 

to evaluate those criteria. The electric motor and gear house have the dimensions and weights with the 60 kN 

pod specifications. The longitudinal outer dimension is 520 mm, which is using the old fairings, but with 

elongated moulds. The shape of the battery pack has been changed in each concept but maintains the same 

volume and weight. 

 

FIGURE 10 CONCEPT 1 OF THE CONTROL POD DESIGN PHASE. THE CONCEPT IS A VARIANT OF THE PREVIOUS POD CONCEPT WITH 

MINOR CHANGES  



23 
 

 

FIGURE 11 CONCEPT 2 OF THE CONTROL POD DESIGN PHASE. THE CHASSIS IS SHAPED AS A ROD TO MINIMIZE MATERIAL USE AND MOST 

OF THE OTHER COMPONENTS OF THE CONTROL POD ARE CLAMPED TO THE POD. 

 

FIGURE 12 CONCEPT 3 OF THE CONTROL POD DESIGN PHASE. THE TOWING LINE IS CONNECTOED TO THE BRIDLE SYSTEM DIRECTLY AND 

THE CHASSIS ROLE IS ONLY ATTACHMENT SUPPORT FOR THE OTHER COMPONENTS. THE BELT HAS TO BE FORKED AT THE TOWING LINE 

SO THAT THE LOAD POINT IS ON THE LOAD AXIS. 
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TABLE 6 AN EVALUATION MATRIX OF THE DIFFERENT CONTROL POD CONCEPTS 

Concept Main features Strengths Weaknesses 

Concept 1 - 
conventional 

Why change anything 
that already works? 
Aluminum chassis outside 
the fairings 
Better drive house 
attachment to chassis 
Cylinders screwed to the 
chassis 

Proven concept 
Cheap &Easy to 
manufacture 
Easy to assemble and 
disassemble 

Plates go outside the 
20.11 fairing 
The towing line concept 
could be improved 
Needs new drive house 

Concept 2 -
rod 

Use theoretical minimum 
amount of needed 
material as a rod.  
Other components can 
then be attached to the 
rod 
New drive house needs to 
be made 

Minimizes chassis 
material 
If angle can be set then 
even the drive house 
could be essentially 
smaller and save more 
weight 
Lots of space in the 
fairing for other 
components 
Simple attachment of 
components 

Large drive house, may 
eat the weight benefits of 
the rod 
Complicated and possibly 
expensive to produce the 
drive house 
The drive house will be 
outside the fairing 
Needs a concept to keep 
the components in the 
same place for center of 
mass and IMU 

Concept 3 – 
non load 
bearing 
chassis 

Why does the chassis 
need to carry any loads 
when the towing line is so 
well designed for this 
purpose already? 
Pulleys direct the line so 
that is stays vertical 
through the belt gear 
section.  
open housed gear system 
double belt. 

Chassis doesn’t carry 
any vertical loads 
Light weight chassis 
High scalability potential 
Fits inside the fairing 

Weak against bending 
Other components may 
eat up the weight gains 
from the main chassis 
Double belt risk 
Complex belt 
transmission 
Complicated to change 
the towing line 

Nine weeks into the thesis, a presentation was held for the client and other members of the R&D department at 

SkySails about these three designs. Each design was presented with the design philosophy, their main feature, 

strengths and weaknesses. Finally, the requirements were gone through and I described how each design fulfilled 

each. The requirements were made into a decision matrix with weighting on all of the requirements, but this 

idea was deemed unnecessary due to the fact that there was quantitative information missing on many points. 

At this mile stone of the thesis work, the client decided that concept 1 should be the design concept for the 

remainder of the thesis work. 

The decision was based on the fact that there was least uncertainty or research and development risk as they 

put it. There were no apparent advantages of concept 2 if a rotatable drive house was to be used. Concept 3 was 

seen as highly risky mainly because of the double belt and the transmission that comes with it. 

The winning concept has potential of scaling up as well, as the loads on the kite increase, so do some components 

in the pod have to scale. First, the load bearing structure must meet expectations for higher loads. Secondly, the 

belt must be able to hold and steer the kite, which implies the scaling up of drive house, gears, and motor. Also, 

the attachment points for towing lines would have to be matched accordingly and the batteries would have to 

increase in weight to meet the needs of a motor of higher power. The electronics and signal transmitting systems 
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are the only parts that will not have to scale. At larger loads, a pod design like the concept 1 will require a fairing 

to be re-moulded. 

CHASSIS MATERIAL CHOICE  

One part of the conceptual study was to investigate the use of other materials to build the chassis from. There 

are a couple of requirements that directly affect the material choice. Those criteria can be summarized: 

• Yield strength 

• Fatigue strength 

• Corrosion resistance 

• Manufacturability 

• Affordable 

• Assemblable with simple tools 

The current chassis is made from a high performing titanium alloy, but its high cost has more to do with the 

production, such as welding the cylinders to the plates, than the actual material itself. As the task is to design a 

lightweight structure the strength to weight ratio of that particular titanium alloy is only 5% higher than the 

Aluminium alloy of AA 7075, which implies that its advantage in strength is lost in weight. The plates of the 

titanium were laser cut, which was not a significant cost compared to the welding, and could be a considered 

manufacturing process for other materials. 

The chassis has been made from carbon fibre at earlier pod stages and that option was also considered. The 

advantage with carbon fibre is that the fibres can be directed in the load direction, which in this design case is a 

great potential because of the load consisting almost only of pure tensile loads. It has also a great strength to 

weight ratio which makes it suitable for lightweight structures.  

One reason for why carbon fibre was not chosen in this design was because of the number of components that 

has to be attached to the chassis. The drive house, for example, has to be made of some metal and has to have 

some special structure to reinforce those areas where it is attached, as it is a load bearing structure; this brings 

up the weight of the chassis. The uncertainty that comes from carbon fibre FEM-simulation would require more 

margins of safety which is also a factor that increases weight. Another reason is because the manufacturing cost 

of such a custom made piece is not significantly lower than producing the chassis in titanium.  

Stainless steel was eliminated from the material choice as the corrosion resistance is lost in treated components. 

Also, it does not have the same yield strength as steel, and its strength to weight ratio is inferior to the other 

options. Steel does not suit the corrosion requirement and was thereby eliminated. 

Table 7 is a selection of the materials considered.  
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TABLE 7 PROPERTIES OF MATERIALS CONSIDERED FOR THE CHASSIS DESIGN (GROTE, K.H. AND FELDHUSEN, J., 2005) (SUNDSTRÖM. B. 

2008) 

Material Aluminum 
AA 7075-T6 

Aluminum 
EN AW -
6082 

Aluminum 
EN AW-2024 

Titanium 
Ti6Al4V 
(3.7164) 

Stainless 
steel 
2361-02 

Density [kg/m3] 2800 2800 2800 4500 7900 

Elastic modulus 
[GPa] 

72 70 70 110  198 

Rp0.2 , Offset yield 
point (proof 
stress) [MPa] 

470 260 400 800  290 

RM, Yield 
strength [MPa] 

540 310 420 895  790 

σup, pulsating 
tension or 
compression 
limit [MPa] 

130 94 140 - 320 

Strength to 
weight RM/ρ 

0,19 0,11 0,15 0,20 0,1 

Welding quality Weak Good Weak Bad - 

Corrosion 
resistance 

Weak Adequate Weak Very good - 

Manufacturing Good Good  Good Expensive Energy 
intensive 

 

The material choice was made with the client and aluminium EN AW 6082 was chosen because of its superior 

corrosion properties compared to the other aluminium alternatives considered. The reason for working with 

aluminium instead of titanium or steel came to the price in titanium and practicality in steel. As the control pod 

is not in a series production phase the client wanted to work with a material easier to make changes to and 

cheaper to make new iterations of the chassis design on.  

From an environmental perspective the whole kite system is created to reduce greenhouse gas emissions from 

their clients. That aside, in the chassis design, the environmental impact comes down to the material choice, the 

energy required to manufacture a sample, and finally the recyclability of the product. Aluminium of this grade 

might not be available as recycled material, so the production of it has a significant energy use. The 

manufacturing methods considered at this point are milling, turning and laser or water jet cutting. For aluminium 

these manufacturing methods are less energy intensive than for titanium or steel. There is seemingly no toxic 

waste created as by-product when the chassis is made. 

CHASSIS INTERFACES 

At this point of the design the pod concept and material were chosen. Before the chassis can be designed, a more 

detailed interface to the other components of the system has to be determined. As the chassis consist of two 

plates and two cylinders, the cylinders have to be designed considering the towing lines and bridle system. For 

the plate, the drive house drives the plate design because of the larger holes it requires for the point of force 

application of the belts to remain on the main load axis. The sub components of the chassis that are not 

mentioned in a separate section will not have their attachment method changed significantly from the previous 
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design. They include the kite lamp, second actor and anemometers. The last mentioned anemometers will have 

to be modified to fit the new cylinders but the basic principal is the same. 

TOWING LINE  
The towing line is connected to the chassis’ bottom cylinder and transfers the entire design load. In the 20 kN 

systems the cylinders are straight, and the towing line is looped around the cylinder, but has a risk of gliding 

sideways and thus making the loading on the chassis asymmetrical, causing higher local loads, and therefore 

risking structural failure.  

This new design transfers a design load of 60kN and the line diameter to withstand those forces is 16 mm in 

diameter. Some concepts were considered of how to best attach this line to the chassis. One was to have the 

end of the line as a blob, and that would then be hooked into a bowl in the chassis that would hold it. This seems 

a good idea from a user point perspective, but as the loads increase, so will the blob deform and get more stuck 

into that bowl. Another major drawback is that such a concept would make the current line feeding system at 

the base station impossible because line is currently threaded through a couple of holes barely larger than the 

diameter of the line itself.  

The decision was made to stick with the current concept of line attachment, of threading the line over the 

cylinder in the pod and attach it to itself below it. To improve this concept, a groove 1 mm larger than the line 

diameter will be made to keep the line in place and diminish the risk of the wear and tear of the line. 

BRIDLE SYSTEM  
The bridle system was developed to distribute the forces more evenly between the different centre lines to the 

kite. There has not been any study to develop a new bridle system as a limitation of the thesis. However, the 

magnitude of the forces is known, and is around 80 % of the design load depending on the angle adjustment of 

the belt. This system is modelled and assumed similarly as the previous pod, but is not considered in the strength 

analysis.  

DRIVE GROUP 
This section describes how the drive house and in larger extent the drive group has its interface to the chassis. 

The new 60-80 kN system needs a new motor, gear box, belt and all components that come with it to meet the 

new requirements. Some of these components are already decided but the drive house holding the sprocket and 

the connection to the chassis have not. The already specified components are the motor, gear house, and the 

belt. Two drive house concepts are developed and then tested as plate elements to investigate the stresses and 

the weak points caused by the required holes of the drive group. Finally, an interface is decided that is then used 

for the plate optimization. 

The requirements for this task are closely linked to the steering requirements but at this point some more 

detailed requirements were put in place namely: 

1. The belts shall have a free passage through the chassis and have margin not to wear against it. The 

new belt width is 25 mm and height is 6 mm and a spreading angle at 45 degrees from the x-z plane 

and a plate inner distance of 100mm.  

2. The belt should be changeable without removing the chassis plates. To make the belt change as easy 

as possible for the operator, the belt hole, or belt arc slot, depending on shape, see figure 14, should 

be cut as large as possible while complying with the other criterion. 

3. The drive should be placed as far up on the load axis as possible without compromising any structural 

requirement to enable the pod to manoeuvre stably.    

4. The sprocket is approximated to 60 mm and is used to determine the distance between the pivot hole 

and the belt hole see figure 14. The pivot hole is a hole on the plates where the drive house is 

connected to and can rotate around when adjusting the drive house to different belt angles.  
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The figure 13, is a sketch of the side plate of the chassis and describes how the belt hole was defined. The two 

squares represent the two cases one with 0 degrees belt angle and the other of 25 degrees. Each square 

represents the minimum required dimensions for the belt to run through the plate. The plate thickness is here 

set to 10 mm, with the belt height, and the belt spread angle the height has been set to 19mm. A 1mm margin 

has been set to all of the edges of the boxes. The 50 mm distance comes from the plate inner distance of 100 

mm and that the belt spread angle is 45 degrees. The point at the bottom will be the centre of the pivot point, 

which is the centre of any given pivot hole. 

 

FIGURE 13 SKETCH OF THE SIDE CHASSIS WHERE THE BELT HOLE IS PLACES IN RELATION TO THE PIVOT POINT AROUND WHICH THE BELT 

ANGLE CAN ROTATE AND BE ADJUSTED. 

From this boundary, two concepts were developed with the main difference that one has the main load from the 

belts transferred in the pivot point and the other has the main loads transferred in the ‘block’ at the adjustment 

hole. See figure 14. To get this desired division, the tolerances in manufacturing would be set in a way to ensure 

that the desired part takes the main loads. The advantage of the first concept is that the highest loads would 

always stay in the region between the pivot hole and the bottom cylinder hole.  

 

FIGURE 14 MODELS OF THE TWO CONCEPTS CONSIDERED FOR THE DRIVE HOUSE ATTACHMENT TO THE CHASSIS 

Belt hole 

Pivot point 
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To compare these concepts 4 different modelling versions were run to see how to model these concepts with 

enough accuracy but using as little computing power as possible. The first way to model the plates was using 

plate elements which don’t take into account the difference in stress at different thicknesses of said plate. The 

second model was using the same plate but modelling it as solid elements instead. The thirds model was 

modelling one plate as solids but having other solid parts with non-penetration contacts to better simulate the 

transfer of forces from the cylinders and drive house to the plate. The last model was a full assembly of the 

components all modelled as solids and the forces applied to the centres of the cylinders. A summary of the results 

using concept two with a 0-degree belt angle is seen in table 8: 

TABLE 8 SUMMARY OF DIFFERENT WAYS OF MODDELING THE CHASSIS IN AN FE-STUDY 

Model Max von 
Mises 

Location Number of 
elements 

Calculation time 

Plate elements 492 MPa Top arc slot left corner 12991 5 sec 

Solid plate 644 MPa Top arc slot left corner 13281 23 sec 

Plate assembly 565 MPa Top arc slot left corner 5093 2 min 40 sec 

Full assembly 945 MPa Pivot hole top 8212 19 min 07 sec 
From this conclusion the boundary condition dimensions will be tested with using the plate elements because of 

the significantly faster calculation time. Because a more full study will be performed to verify at a later stage it is 

enough to decide the dimensions of the interfaces to the drive house using plate elements.  

The two concepts were compared using plate elements for both 0 degrees and 25 degrees. The results are 

presented in this plot: 

 

GRAPH 1 CONVERGENCE STUDY OF THE CHASSIS PLATE IN 4 DIFFERENT LOAD CASE MODELS 

This study shows that the concept one is a better alternative for the drive house from a load perspective. Since 

the pivot hole transfers the main loads from the belt to the chassis, the dimensions of that have been decided in 

the same analytical way as the cylinders in the previous section. Yet another study was performed for concept 1 

where the option of 18 degrees as maximum angle was used. Using holes to direct the stress flow that the 

stresses at the weak point would be lowered a satisfactory result was found where the stress in that region was 

under the 310 MPa limit of the yield stress of the chosen material. 
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As stated in the beginning of this report the goal was to find the dimensions of the drive group interface with the 

chassis and describe the main concept of the new drive house. The interfaces are presented in the figure 15. 

There is a dotted line as an example that the belt hole could be made larger for belt changing purposes.  

 

FIGURE 15 SKETCH OF THE FINAL DIMENSIONS FOR THE INTERFACE BETWEEN THE CHASSIS AND THE DRIVE HOUSE. SIDE VIEW OF PART 

OF THE CHASSIS PLATE, WHERE THE BELT RUNS THROUGH IT. THE ANGGLE ADJUSTMENT CONNECTION IS WHERE THE BELT ANGLE CAN 

BE ADJUSTED BETWEEN 0 AND 25 DEGREES. 

  

FAIRINGS 
The same fairing mould will be used in this design as for the 20kN design. The reason is that the mould costs as 

much to produce as an entire pod, and since the productions volume is very low this was a decision from the 

client to give it a try to keep the same mould. This means that the width and height of the new faring is the same, 

but because it is possible for a lower cost to add straight moulds the length of the pod stays flexible. This is all 

treated in the pod concept development chapter. 

What the fairing determines is the distance between the cylinders so that they do not provide sharp edges to the 

pod on the bottom or the top. The distance between from one of the cylinder centres to the other is 340 mm.  

Another design choice to do with the fairing is the distance between the plates. The distance between the fairings 

vary, but is around 100 mm. Because aluminium is chosen as material for the chassis, the thickness of the plates 

would have to beat least 10 mm based on the made at the point of this decision. This means that if the plates 

would be placed inside the fairings, there wouldn’t be any room for a larger drive house. By having the plates 

outside the plates there is enough room for the components inside. The disadvantage is that there is a higher 

risk of entanglement when the kite is stowed together with the pod, but there are ways to design the chassis 

that these risks stay at a minimum. 

The concept of how to attach these fairing on the new model has not been fully explored, but the idea is to have 

them screwed on to the edges of the plates with similar M4 screws. To reduce weight, the plates can be milled 

down to a lower thickness at the edges and have the loads pass next to these weaker perforated areas. There 

would be a total of 8 screws attaching both fairings to the chassis requiring 2 on each side of each plate. 

STRAIN GAUGE 

The strain gauge is an important element of the pod when the purpose of the system is still to develop the 

technology because accurate readings of the forces in the chassis can be obtained. The strain gauge has to be 

placed on a flat surface in a section where the entire load of the chassis passes through and will have to have 

two 6,6mm holes aligned perpendicular to the main load direction. For a yield limit of 310 MPa and a load case 

Belt hole 

Pivot hole 

Angle adjustment 

connection 
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of 200 kN and a thickness of the plate being 12 mm the theoretical width of the plate section can be down to 27 

mm. To have enough margins, a strain gauge was found with a distance of 40 mm between the attachment holes 

(Me-systeme.de, 2018). This should be enough to ensure that the loads can pass without causing problems to 

the chassis. Two strain gauges are planned to be placed one on the inside of each plate just above the bottom 

cylinder.   

ELECTRONIC BOX 
The electronic box is also a very flexible variable, but it is planned to be attached in a similar way as the previous 

electronic box with clamps on the bottom cylinder and one screw to the plate under the pivot hole. There will 

be provided space for such a hole in the plate so that the electronic box can be placed there.  

Concerning the vibration of the electronic parts, the only measure taken is thread lock on the screws. Also, the 

Inertia Monitoring Unit has to be guaranteed to be in the same place because the flight control depends on its 

accurate calibration.  

CHASSIS DESIGN 

The chassis design process is described here. The concept is set and the boundaries to the other components are 

decided. The chassis consists of two plates and two cylinders. First the interface of these components will be 

decided using a hand book and some simplifications. Then the cylinders main dimensions will be decided to 

withstand the bending moments. Next, the attachment method is considered amongst a number of concepts. 

Finally, the plate geometry is decided iteratively. 

CYLINDER-PLATE INTERFACE 

The current chassis has its plates welded to the cylinders, but for two main reasons this is not considered an 

option in this new design. First, there is a wish that the chassis would be modular and could replace some parts 

in case of failure, testing new concepts, or for different kite sizes.  Secondly, the titanium chassis was expensive 

to weld, because of lack of experience in the workshops handling that material and is generally too expensive as 

a material choice for any pod produced in larger numbers. The choice of aluminium has already been discussed, 

and there are aluminium alloys that won’t lose their material properties significantly during the heat exposure 

in a welding operation. However, those alloys perform poorly generally in yield strengths.  

The concept for the connection between the plate and the cylinder is reduced to a screwable part. There will be 

a surface where the cylinder transfers the loads to the plate. That dimension will be discussed in next section 

and after that different ways of attaching the plates and cylinders are compared and the best chosen. 

GEOMETRIC INTERFACE  

This proved to be one of the most challenging parts of the thesis work. The first approach was to simply model 

the parts in an assembly in SolidWorks and then perform a static load analysis on it, look at the stresses and 

change the diameters thereafter. However, there were different results depending on how the contact was 

modelled and how the boundaries were set. The stresses were far over any limit and a geometry that would 

comply with that criterion turned out to be unrealistically large and heavy. This problem was shown to the client 

and he said it was unrealistic and there would be enough to approach this challenge using hand calculations. This 

is all explained in Appendix FEM.  

A handbook in aeronautical engineering was used to tackle this problem. The interface of the two components 

is assumed to be an eye connection (see Appendix G). Because the stiffness of the cylinder is significantly higher 

than the one of the plate most of the stress will not be due to bending but due to pure contact pressure. This 

assumption was approved by the client with the knowledge of the possible shortcomings.  
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FIGURE 16 THE MODEL THAT IS USED TO VERIFY THE CYLINDER-PLATE DESIGN ANALYTICALLY. 

The different break cases presented for eye connectors: 

Case 1 

𝐹𝑤
̅̅ ̅ = 𝐾𝑤 ∙ (𝑏 − 𝐷) ∙ 𝑠 ∙ 𝜎𝐵𝐴𝐼  

Case 2 

𝐹�̅� = 𝐾𝑠 ∙ 𝐷 ∙ 𝑠 ∙ 𝜎𝐵𝐴𝑋  

Case 3  

𝐹𝐹
̅̅ ̅ = 𝐷 ∙ 𝑠 ∙ 𝜎𝑦𝑖𝑒𝑙𝑑  

Where Fw, Fs, and FF the highest values a force can have on the test specimen as in figure 16 before a failure 

occurs in the structure. Kw and Ks are geometrical constants. D is the diameter of the whole in the interface 

between the plates and rod, as seen in figure 16 while b is the width of the plate. S is the thickness of the plate 

and σ is the maximum allowed stress in chosen material. See Appendix G for more detail. 

The variables to be decided where the numerical values are the ones that were finally decided to the design: 

TABLE 9 THE FINAL DIMENSIONS FOR THE CYLINDER-PLATE INTERFACE USING AN ANALYTICAL DESIGN METHOD 

Notation Meaning Value 

b Width of plate 80 

D Width of hole (diameter) 40 

h  Distance from center hole to edge 40 

s Plate thickness 12 
Other variables: Note that the material chosen for the plate is not in the table, but the curves are around 1-4. 

The stress limit is assumed to be the same in all cases. 

TABLE 10 VALUES FROM TABLES FROM A HANDBOOK FOR CALCULATIONS, SEE APPENDIX G. 

Notation Meaning Value 

Kw (b/D) Factor  0,92 

Ks (h/D) Factor 0,85 

σ=Rm Yield strength of material 310 MPa 
Gives these forces: 



33 
 

TABLE 11 RESULTS OF FORCES USING THE HANDBOOK METHOD IN APPENDIX G. 

Notation Meaning Value 

Fw Force that causes ___ failure 137kN 

Fs Force that causes ___ failure 126kN 

Ff Force that causes  148 kN 

Fnom Nominal force in worst case situation 100 kN 
The interpretation of the results in table 11 is that the design load with margin of 200 kN will be distributed to 

both plates and so these are the forces at one end that would cause failure. The higher margin accounts for the 

extra effects that have not been taken into account into this simplified model. 

These would be the dimensions for the bottom cylinder. Because the top cylinder carries 80% of the load, the 

top cylinder will have the same thickness but 35mm hole and a 70 mm ‘safe zone’. See Appendix G for scanned 

sheets in the HBS. 

ATTACHMENT METHOD 

Three concepts for the cylinder attachment were developed and then evaluated comparing the complexity, 

structural integrity and weight. From this, more detailed studies in the most promising concept were performed. 

The inner distance between the plates is set to 100 mm and the thickness of the plates is set to 10 mm.  

 

 

FIGURE 17 THREE CONCEPTS CONSIDERED DURING THE DESIGN PHASE OF THE CHASSIS PLATE-CYLINDER INTERFACE. THE FIRST FROM 

LEFT HAS TWO BOLTS THAT CLAMP THE PLATES TO THE CYLINDER. THE MIDDLE CONCEPT HAS TOW NUTS CLAMPING THE PLATES TO THE 

CYLINDER. THE RIGHT CONCEPT IS A BOT THAT GOES THROUGH THE CYLINDER AND A BOLT AT THE OTHER END CLAMPS IT TO THE PLATES. 

The first concept’s idea, the leftmost model in figure 17, is to have the cylinder have a stepped outer diameter 

so that it can be inserted into the plate and thereby transfer most of the vertical loads directly to the plates. For 

the transversal forces and against bending and twisting, the cylinders have a threaded inside to which screws 

with large heads hold the two plates together. This was then developed to further to having a washer replace 

the wide screw head and instead have the screw in contact with it. The advantage of this concept is the simplicity 

and robustness of the design. However, with this design the anemometers structure needs to be remade and the 

space in the tube cannot be used for anything else.  

The second concept, the model in the middle of figure 17, is a modification of the first to try to deal with the 

weakness of the first one. This concept provides a similar attachment for the anemometers, although they would 

need to be redesigned. In this design the screwing attachment is done on the outside part of the cylinder that 

sticks out through the plate. The problem with this design is that at such a relatively large diameter to nut height 

ratio, few nuts are able to do the job and the part of the cylinder sticking out through the plate would have to be 

made longer, and in that case could lose the advantage that differentiates it from the first concept. 
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The third concept, the right model in figure 17, is similar to the first one except in this case there is a single screw 

that goes through the entire cylinder. The obvious disadvantage of this is that it requires more material for a job 

that should be possible to do with less, but it is an even less complex solution to the first. In this model the 

cylinder acts as a distancer between the plates and it is in this case the screw and not the plate that transfers the 

vertical forces.  

There are combinations of these concepts thought of after this step and the final decision was to try out a version 

of one but using a washer instead to avoid the expensive unconventional geometry of the first designed bolt.  

CYLINDER DESIGN 
After the interface has been decided the cylinder itself can be designed. There was trouble of identifying how 

the loads can be simplified to an analytical model because of simultaneous effects of bending, contact forces 

from the towing line and plate, and shear stresses due to the short beam. An analytical estimation was made and 

then verified to an FEM model to find significant deviations.  

ANALYTICAL VERIFICATION 

The case could be treated more like a simply supported Euler beam than a fixed on both ends one. There is a 

false assumption made here because the length of the beam is not significantly longer than the cross-section 

dimensions. It would be more appropriate to use Timoshenko beam equations. But because of the uncertainty 

in the boundary conditions, it will still not be accurate enough and that’s why Euler is used to get the first idea.  

The cylinder is neither simply supported, nor is it fixed in between the plates. There is no elementary case for 

this type of problem, so a conservative approach was taken. The moment at the centre of a beam is the highest 

in a simply supported beam where it is FL/4. The stresses in a beam due to bending are calculated thus: 

|𝜎(𝑥)|𝑚𝑎𝑥 =
|𝑀(𝑥)|

𝐼(𝑥)
∙ 𝑧𝑚𝑎𝑥 =

|𝑀(𝑥)|

𝑊𝑏(𝑥)
 

The beam is assumed to be a hollow cylinder which gives a moment of inertia: 

𝐼(𝑥) =
𝜋(𝑎4 − 𝑏4)

4
 

Where a is the outer radius and b the inner radius. The zmax is equal to the outer radius. These dimensions were 

chosen and gave this final stress: 

|𝜎(𝑥)|𝑚𝑎𝑥 =
𝐹𝐿 ∙ 𝑎

𝜋(𝑎4 − 𝑏4)
=

2 ∙ 105𝑁 ∙ 100𝑚𝑚 ∙ 28𝑚𝑚

𝜋(28𝑚𝑚4 − 14𝑚𝑚4)
= 309𝑀𝑃𝑎 

For the top cylinder the load is 160kN which gives these values: 

|𝜎(𝑥)|𝑚𝑎𝑥 =
𝐹𝐿 ∙ 𝑎

𝜋(𝑎4 − 𝑏4)
=

1.6 ∙ 105𝑁 ∙ 100𝑚𝑚 ∙ 26𝑚𝑚

𝜋(26𝑚𝑚4 − 13𝑚𝑚4)
= 309𝑀𝑃𝑎 

Gives the results: 

TABLE 12 THE FINA DIMENSIONS OF THE CYLINDER INNER AND OUTER DIAMETERS 

Dimension (mm) Top cylinder Bottom cylinder 

Outer diameter 52 56 

Inner diameter 26 28 

VERIFICATION BY SIMULATION 
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These models were tested by modelling them in FEM but the results differed very much depending on the 

modelling version and the dimensions that had stresses lower than the allowed were too high in the client’s 

opinion. There is an extensive study on this, but since it is a dead end, and an analytical method was chosen for 

the dimensioning, it is to be found in an Appendix F.  

 

FIGURE 18 THE RESULT FROM A FEM STUDY ON THE CYLINDER-PLATE INTERFACE 

There are still some issues regarding the stresses in the connection points between the plate and the cylinder, 

as seen in figure 18, but they are discussed in the FEM Appendix. 

 

CHASSIS PLATE OPTIMIZATION  

This section sets up the design method for the plate design now that the interfaces have been defined. The goal 

is to come up with a chassis geometrical design within the defined boundaries, material and load cases and to 

optimize it in respect to weight. The conditions are that in the different load cases the structure has to have its 

stresses below 310 MPa, but at the boundaries of the plate analytical methods have been decided to be used 

otherwise unreasonable over dimensioning would make the structure inefficient.  

There are a lot of boundaries that need to be decided doing this part and the design choices are described in 

other section, as seen in figure 19. They are summarized as: 

1. Towing line cylinder: 40 mm hole and 80 mm untouched diameter 

2. Bridle cylinder: 35 mm hole and 70 mm untouched diameter 

3. Drive house: 10 mm pivot hole and 20 mm untouched pivot hole diameter. The rest of the holes are 

described in the drive house section 

4. Strain gauge: placed as close to the bottom cylinder with two 1mm holes placed 40 mm apart. 

5. Fairing: not to be considered in this step. Flanges to be milled out from original structure. 

6. Electronic box. In any stronger section of the plate, mill it down to 2 mm and set a 4 mm hole so that 

the box can be attached to the plates. 
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FIGURE 19 THE FINAL DIMENSTIONS FROM THE ANALYTICAL DESIGN OF THE PLATE-CYLINDER INTERFACE THAT ARE LATER USED AS 

BOUNDARY CONDITIONS IN THE PLATE DESIGN. 

The plate is set to 12 mm and the holes cut out. The yield stress limit (RM) of the chosen metal (as seen in table 

7) Aluminum EN AW -6082, 310 MPa, is used here as the stress limit for the problem. The safety factor is 

included in the applied forces, where the maximum principal loads applied on the model are 200 kN for the 

design load of 60 kN which gives a safety factor of 3.3.  

The client, Bernd, suggested the student to look at the stresses as fluid. The idea is to look at the stresses in the 

plate in a 2D way and imagine that the stresses flow through the structure like a fluid. Where the fluid would 

flow faster or in a turbulent way, that’s where the stresses would also be higher. Any sharp edges would cause 

higher stresses. As the majority of the loads ran from the top to the bottom cylinder, one approach was to try to 

create a load path for those loads. When these load paths had to move around the required holes for the drive 

house, bending is caused in the structure, so leaving a 2 mm structure between the two load paths helps reduce 

these higher stresses caused by bending. This method of viewing stresses as fluids was used manually as a 

complement to the other calculations in the design process. 

Also, a topology study was performed on one of the computers at the office that could have a license for the 

solid works module. These results helped to understand that stress flow, but the topology study had to reduce 

all material instead of leaving a 2 mm layer and the shape from a topology study is hard to remake into a regular 

geometry. It is necessary to do the testing on a prototype plate before manufacturing the final chassis using 

merely dimensions from these calculations.  

The load case would be to simply apply 79 % of the design load at the top cylinder and 21 % at the pivot hole. 

The bottom cylinder is set to a fixed support. All the stresses in these regions are ignored, because they have 

been designed analytically. The stresses that remain to study are those in the rest of the structure. 

A topology simulation on a more recent version of SolidWorks was run on the plate at one of the last design 

phases to get an idea of how a more sophisticated method would design the plate. The topology modelling has 

its limits and was not chosen to be the method of choice in the design work of this thesis for a number of reasons. 

First, it was not available as a tool apart for a limited amount of time, then it only can design using compliance 

and material removal as design variables and not take stress limits of the structure as limits. Even if it would, the 

boundary areas were almost always those with highest stresses and they surpass the yield limits in the design 

that was finally chosen. And finally, the resulting design would have irregular lines and would still have to be 
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remodelled for manufacture reasons. If the model would be redone by hand it would still have to be run in FEM 

tests. What the topology study gave was an indication of where to make pockets in the plates and which areas 

would be redundant.  

The figure 20 describe some of the iteration steps of the chassis plate design, while figure 21 and 22 show the 

results of the FEM study on the final design of the chassis plate. 

 

FIGURE 20 SOME OF THE ITERATIONS DURING THE DESIGN OF THE CHASSIS PLATE. THE FOURTH FIGURE FROM THE LEFT IS THE TOPOLOGY 

RESULT FROM THE SOLIDWORKS TOPOLOGY SIMULATION. 

 

 

 
FIGURE 21 THE RESULTS FROM FEM THE TWO LOAD CASES. THE FIGURE OF THE LEFT IS FOR THE 0-DEGREE BELT ANGLE WHILE THE ONE 

ON THE RIGHT IS THE RESULT FOR 18 DEGREES LOAD CASE. BOTH RESULTS SHOW STRESSES ABOVE THE SET STRESS LIMIT, BUT THESE 

STRESSES OCCUR AT THE BOUNDARY CONDITIONS WHERE THE LOADS ARE APPLIED. THE AREA WHERE THE HIGHER LOADS OCCUR HAVE 

BEEN DIMENSIONED AND VERIFIED USING ANALYTICAL METHODS, SEE GEOMETRICAL INTERFACE CHAPTER. 
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FIGURE 22 SAME MODELS AS IN FIGURE 13. HERE THE AREA MARKED IN RED ARE THE AREAS WITH STRESSES ABOVE THE SET STRESS 

LIMIT. THERE ARE NO AREAS EXCEEDING THE LIMIT APART FROM AROUND THE TOP AND BOTTOM CYLINDER HOLES. 
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RESULTS AND GENERAL ARRANGEMENT 
The final design of the chassis is presented in the following chapter. It includes the main particulars of the chassis 

and its components, a figure describing how the chassis will be integrated with the entire control pod, and a bill 

of materials for all of the weights of the individual components of the control pod. For more details of the 

dimensions see Appendix B. 

TABLE 13 THE RESULTS FROM THE DESIGN WORK IN NUMBERS 

Chassis Results  

Total chassis weight 2,5 kg 

Production cost (offer from supplier) 800 € 

Load capacity  60kN 

CHASSIS DESIGN AND SPECIFICATIONS 

The chassis itself is made two plates and two cylinders, attached with bolts. Figure 23 shows the design of the 

plates and figure 24 gives a 3D view of what the cylinders would look like. 

 

FIGURE 23 MODEL OF THE CHASSIS RIGHT PLATE. THE LEFT PLATE IS IDENTICAL BUT MIRRORED. 

 

FIGURE 24 A 3D VIEW OF THE BOTTOM CHASSIS CYLINDER. THE GROOVE MAKES THE TOWIN LINE DISTRIBUTE ITS LOADS EVENLY AND 

REDUCE WEAR IN THE LINE. 
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INTEGRATION INTO WHOLE POD SYSTEM 

As one of the tasks of the thesis was to evaluate the whole control pod concept, the final assembly of the control 

pod with the new chassis design is presented in figure 25. 

 

FIGURE 25 MODEL OF THE CONTROL POD WITH ALL OF ITS COMPONENTS AND THE NEW CHASSIS DESIGN.  

 

 

BILL OF COMPONENTS 

As weight is a design goal, there is a full account of the weight of each component in the pod in table 14. The 

total weight is calculated to 12.7 kg which is below the requirement of 15 kg and there is margin for error and 
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additional components. The weight of the drive house is not known, as the design of it will be finalized after the 

thesis but is taken into this study as the previous weight + 20%.   

TABLE 14 BILL OF COMPONENTS OF THE CONTROL POD AND THEIR INDIVIDUAL WIEGHTS 

 Table of pod 60 kN components Weight (g) 

1 Chassis (2 plates, 2 cylinders) 
-2xPlate 
-Bottom cylinder 
- Top cylinder 

2 696 
-762 
-568 
-505 

2 Drive group 
-Motor 
-Gearbox 
-Gear house (incl. sprocket)  

4870 
-1670* 
-1600* 
-1600** 

3 Electronic box 1112 

4 Battery pack 2036 

5 Fairings (2) 907 

6 Anemometers (2) 111 

7 Second actor 105 

8 Belt 578 

9 Antenna 107 

10 Transceiver 135 

11 Kite lamp 131 

12 Strain gauge 10 

13 Blink light (not in picture) - 

Total  12699 
 

*See data for new drive house 

**Estimated from CAD design, but is a a rough estimation 
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VERIFICATION 
In this section the result is verified to the requirements. The full list is in the appendix. 

COMPARISON TO REQUIREMENT TABLE 

TABLE 15 TABLE OF REQUIREMENTS AND HOW THOSE REQUIREMENTS WERE MET IN THE FINAL DESIGN 

 Requirements Compliance 

1.  The Chassis shall maintain structural integrity within defined 
limits and load cases from the external loads of the kite, belt 
and towing line 

Complies, see chassis 
section  

2.  The Chassis should provide means of attachments to the 
defined component groups, so that the component groups 
can maintain their functions 

Complies, see each 
section for each 
components and 
assembly in Results 

3.  The faring should fit all components that need to be inside, or 
the components fit inside the fairing. Reusing the old fairing 
mould should be considered in at least one design concept 

Complies, see Fairing 
section and assembly in 
Results 

4.  Each mean of attachment should resist certain loads, vibration 
and fatigue 

Complies by using thread 
lock on the screws for 
vibration, and see chassis 
section for screw 
dimensions 

5.  The Chassis and faring should have (and remain) an appealing 
appearance 

Complies, by using the 
same aerodynamical 
fairing and having the 
chassis in an organic fluid 
form 

6.  The total weight of the pod excluding the RAT should not 
exceed 15 kg of mass. 

Complies, see Bill of 
materials* 

7.  The chassis designs should provide enough detail for a 
manufacturer to provide a price offer 

Complies, see Appendix B 

8.  The pod should be easy to handle and ergonomic. The chassis 
and fairing play a large role in this requirement for the pod 

Complies, by having a 
similar design as 
previously* 

9.  The environmental impact of manufacturing and material 
choice should be considered in the design process 

Complies, see materials 
section 

10.  The aerodynamics of the pod should be considered in the 
design process. The shape and size of the pod should not 
create any unnecessary drag that would reduce the 
performance of the kite. 

Complies, by having a 
similar design as 
previously* 

11.  The pod, chassis and fairing should have some handling, and 
low drop resistance 

Complies, see fairing 
section  

12.  Each mean of attachment should be easy to assemble and 
disassemble, and only require simple hand tools 

Complies see assembly 
and bill of materials 

13.  The design should take into consideration the scalability See the Pod Concept 
Phase 

14.  The chassis shall not loose performance due to corrosion Complies, see the 
materials section 

* Because this requirement wasn’t quantified by what was problematic with the last design, this requirement 

was more directed toward the concept development phase. 



43 
 

 

STRENGTH REQUIREMENT FULL ASSEMBLY VERIFICATION 

The final verification of the chassis design is an FEM analysis of the whole chassis assembled as described in the 

section Strength Requirement. Four load cases are analysed. Both the 0 and 18 degrees will be treated with the 

forces found in the earlier calculations. Also, fixed boundary conditions were set at two parts to look at one side 

of the model, top or bottom, at a time. A convergence analysis was then performed. A verification of the chassis 

structural requirement is planned to take place after the thesis work by manufacturing a prototype of the chassis 

and finding its break load in a tensile stress machine.  

Figure 26 shows the FEM model of the whole chassis for a 0-degree belt angle and with the bottom cylinder being 

fixed. The coloured areas of the figure 26 are the areas where the von Mises stress exceeds the stress limit of 

the chosen material. 

 

FIGURE 26 THE RESULTS OF AN FEM STUDY OF THE ENTIRE CHASSIS. COLOURED PARTS ARE AREAS WHERE THE STRESSES ARE HIGHER 

THAN THE SET STRESS LIMIT. 

The areas in figure 26 that present stresses higher than the limit are: 

1. model boundaries,  

2. the contacts between the cylinders and plates, 

3. In the cylinders themselves, 

4. At the edge of the thinnest region in the plate, and 

5. At the edges of the belt hole. 

Because some areas in the plate are so small and their stresses do not exceed the limit by much it is considered 

acceptable. The plates are designed separately verified in a load case with only the plate. Designing the plate 

using the whole assembly would not be resource effective because the assembly, especially with its non-

penetration contacts, takes much longer time to calculate than only a plate by itself.  
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At the plate-cylinder contact the design had to be over 70 mm in diameter instead of 40 mm if the FEM method 

was chosen as a design driver, see Appendix F. As described in the cylinder-plate interface section the dimensions 

of this interface were chosen to be designed analytically from semi empirical data.  

VALIDATION & CONCLUSION 
In this chapter the validation is made by evaluating the stakeholders’ expectations. The new chassis design is 

compared to the previous one. The Systems Engineering Framework (Rosén 2018), is also evaluated how well it 

describes this particular case of systems engineering project. 

COMPARISON TO PREVIOUS POD – SKYSAILS EXPECTATIONS 

As stated in the beginning of this paper the client, SkySails, was interested in exploring different control pod 

concepts for their next generation of control pods and to have a design of a chassis that would meet the needs 

of their larger kite system. Their expectations were met, as shown in table 16 because the new chassis cost less 

to produce and weighs less than if the previous chassis weight would have increased linearly like the load 

capacity, which would have been 3 kg. SkySails have now also had their control pod concept design confirmed to 

be the best one from an outside source.  

TABLE 16 COMPARISON BETWEEN CURRENT AND NEW CHASSIS DESIGN 

 Current chassis The results of this design 

Strength 20 kN 60 kN 

Production cost 1400€ 800€ 

Weight 988 g 2696g 

Material  Titanium Aluminum 
 

SkySails will need to manufacture the new chassis and test it in a tension pulling machine before they can use it 

in their next control pod. The final validation of the chassis is outside of the scope of the master thesis. This will 

be done when the entire system is tested and flown in real life. To validate the flight of the chassis strength the 

kite has to be flown over a longer period of time and the chassis would have to be examined for deformations. 

REFLECTIONS ON THE SYSTEMS ENGINEERING FRAMEWORK 

The thesis uses the same methodology as described in Rosén’s paper on Systems Engineering using: 

1. Introduction 

2. Need/Opportunity 

3. Stakeholders and their expectations 

4. Requirements 

5. Concept of operations 

6. Functions & Features 

7. Physical realization 

8. Verification 

9. Validation 

10. Further improvements 

This structure has been useful in this thesis. However, the thesis work can be seen as two separate tasks, the 

first one a conceptual design of the whole control pod and the second being a more detailed design of one of 

the control pods components, the chassis. The second part is less of a Systems Engineering project because 

only simplifications are made of the other components. The Framework provided by Rosén does not apply to 

this thesis second part as it is less of a systems approach and more of a simple structural problem. Also, the 
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control pod itself is only a part of a larger system, the kite system. In kite systems installed on a ship, the kite 

system itself is only a part of another system. This thesis treats only a very limited part of such a ship and 

therefore the stakeholders mentioned are the stakeholders of the entire system rather than the chassis treated 

in the thesis.  

As a conclusion, the Systems Engineering Framework was helpful in organizing the work but could not be used 

in its full extent since the thesis in not a pure systems engineering project.  
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