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Sammanfattning 
Denna uppsats kommer att titta på designen för ett undervattensrörelse och kontrollsystem för en 

mindre forskningsubåt som kallas SAM. Denna ubåt delar många liknelser med andra autonoma 

undervattensfordon mer specifikt dennes tub liknande design. Där SAM skiljer sig från normen är hur 

den styr under vattnet. Där majoriteten använder fenor för upp/ner, höger/ vänster och rullning 

rörelse använder SAM en mix av flera system. Den har en pump för att ändra densiteten för att gå upp 

eller ner, en flyttbar massa i mitten används för att ändra vinkeln för upp/ ner rörelse, en gyroskop-

aktig del för rullning och till sist en flyttbar elektrisk motor för höger/ vänster samt ändring av 

lutningsvinkeln. 

Ett stort problem med den nuvarande metoden för undervattenskontroll var att den elektriska motorn 

flyttas på sig för att styra. När SAM ska svänga höger eller vänster flyttas masscentrum åt sidan och 

tack vare den runda formen på karossen rollar ubåten på det hållet. Denna effekt är inte efterfrågad. 

En fullständig dubbeldiamant designprocess har genomförts i detta projekt. Den startade med en 

inblick i undervattensindustrin följt av en bättre förståelse av kontrollsystemet för SAM och vilka mål 

företaget hade för systemet. Genom att använda denna information kunde ett ”Fucntion means tree” 

skapas vilket användes för att skapa flera koncept. Dessa koncept analyserades och utvärderades för 

att skapa ett slutligt koncept för ett totalt kontrollsystem. 

Den slutgiltiga lösningen använder fyra flänsmotorer i en kryssuppsättning för att skapa rörelse 

framåt, rotation höger/ vänster och vinkel upp/ ner. Utöver de fyra motorerna riktade bakåt använda 

två motorer placerad vinkelrätt mot de andra fyra. Dess motorer hjälper till med höger/ vänster 

rörelsen men kan också skapa rullning utan att flytta sig framåt. Denna design skapar bättre kontroll 

och lättare lagning. Den kan till och med öka djupdykningsförmågan för SAM eftersom motorsystemet 

kan klara högt tryck. Även fast denna design löser alla krav satt på systemet bör framtida arbete titta 

på en total om-design för hela rörelsesystemet för att försäkra sig om att allting fungerar tillsammans 
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Abstract 
 

This paper will look into the design of a thrust vectoring and underwater movement control system 

for a small research submarine named SAM. This submarine shares many similarities with other 

autonomous underwater vehicles in particular its tube-like design. Where this differs from the norm 

is its underwater steering system. where many use fins to generate up/ down, left/ right and roll 

motion the solution that SAM uses is a mix of several systems. It has a pump to change density for 

ascending and descending, a moving center mass to change pitch, a gyroscope-esc part for roll and 

finally a moving electric engine for left/ right as well as pitch movement.  

One major issue with the current method for underwater control was the moving electric engine. 

When moving right or left the center of mass would shift thus inducing, non-sought after, roll.  

A complete double diamond design process was done in this project. Starting with a look into the 

industry followed by a better understanding of the control system and future desires. Using the 

aforementioned information, a function means tree was created to be used for concept generation. 

These concepts where then evaluated and analyzed to help create one final control system.  

The final design uses four rim thrusters set up for forward thrust, pitch and yaw as well as two off-

center mounted smaller thrusters that push water perpendicular to the tube to provide mostly roll 

as well as some yaw. This Design allows for better control, easier repairability and better 

waterproofing for deeper dives. Even though the final design solves all the product requirements, for 

future development a complete redesign of all the movement systems should be done to make sure 

they work well in unison.   
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Nomenclature 
LCG: Longitudinal center of gravity 

TCG: Transversal center of gravity 

VBS: Variable buoyancy system  

AUV: Autonomous underwater vehicles  

ROV: Remote operated vehicle 

FMT: Function means tree 

QFD: Quality function deployment 
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1 Introduction 
This chapter will give a brief overview of the background of this project, the goals and an overview of 

the methods that will be used. The methods presented will be in order of when they were used in the 

project.  

 

1.1 Background 
This project will work with a small autonomous underwater robot. This type of vessel is often 

referred to with the short term AUV which stands for autonomous underwater vehicle. The current 

vehicle is used as a research platform and developed by SMaRC. The vehicle that will be looked at 

with this report is one of two underwater robots they work with. The robot is called SAM which 

stands for small affordable maritime. It is a tubular submarine that is length is roughly 1 meter long 

and has a diameter of 125 mm.  

The project was given out by SMaRC and can be read in its entirety in appendix A. There it describes 

what the initial area of research. A rim motor thrust vectoring solution was asked for. A rim motor is 

a motor that drives a propeller where the power is provided from the rim and not the center with an 

axel which is more common. With thrust vectoring system they mean steering, more specifically 

control in all three-axis using the thruster.  

 

1.2 SMaRC and aquatic research  
The worlds surface consists of over 70% water. The oceans are a large part of the planet we live on 

and a great indicator of planetary health. Knowing what is going on in the waters around us is crucial 

for noticing differences or potential issues in the environment. Just like our bodies benefit from 

having external tool to probe and diagnose so does too the earth and its eco system. The 

multidisciplinary collaboration Swedish maritime robotics center or SMaRC for short aims to provide 

these tools by mixing industry and academics. SMaRC have three global benefits that they strive to 

solve. One to use the ocean as a potential for food, energy and material cultivation. Where the 

harvesting, inspection and maintenance will all be done by robots. The second goal is to safeguard 

society by creating awareness about the ocean both above and below surface to notify if any 

potential dangers or hindrances has been caused. And finally environmental sensing not only looking 

at the underwater topography but also doing biological, chemical and physical analysis to detect 

issues both man-made and natural. (Swedish Maritime Robotics Center, u.d.) 

 

1.3 Goal 
 The goal of this project is to present a solution for a new thrust vectoring system for a small 

underwater research vessel. This solution will be based on the requirements from the assignment 

provider as well as research and information from current industry methods. 

 

1.4 Delimitations 
This project will not be doing any physical tests on the different concepts or control methods 

presented. The information used to compare the models will be based on the current research and 

market information.  
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1.5 Methods  
In this chapter there will be an overview of the methods used for this design project. They span from 

early information gathering to reviewing a finalized solution. 

The design process of this project will follow a double diamond. This is a very common method used 

when researching and ideating a new design/ solution. Each other method in this project will be 

underneath the umbrella of this double diamond setup. An explanation of this method as it pertains 

to this project can be found in appendix B. (Costa, 2018) 

Step one in this process was taking a look at the SAM robot and design platform. This was done to 

find out what issues and limitations there are with the current solution. This early part of the process 

also looked at the market by using a “state of the art” method. This gives a greater insight on what is 

used currently and why. This “state of the art” will look into both thrust providing systems as well as 

under water steering methods. 

Before any design work can be done there is a need to understand the project requirements and 

scope. This was done by looking at customer wishes combined with an interview to determine a 

requirement specification. To clarify design metrics and product properties a QFD was done 

afterwards. This QFD help guide what properties are important and or potentially conflicting when 

designing the system.  

Finally, ideation could be done but to simplify the process a function means tree (FMT) was created. 

This method looks at the functions that needs to be possessed to create a solution. This method 

provides a large array of potential solutions to smaller areas of the problem making it easier to piece 

them together in a later step. All the roots of this FM tree were then looked into in the context of 

the SAM submarine system. This was done with a simple pros and cons list for each function.  

Knowing what could work together with what the customer requirements was then used to create 7 

complete concepts that can fulfill most if not all the movements that a thrust vectoring system 

should. Each concept has a description and comments regarding its viability. To clarify what concept/ 

concepts to move forward with a Pugh’s matrix was used. This method ranks the proposed solutions 

against one another with a weighted point system.      

The Pugh’s matrix provides information to help guide the final concept. This will be crated in 

accordance with the designs that got the highest score together with the project requirements. This 

final design will use example parts that should be equal to or greater than the current solution.  
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2 Analysis of the market and SAM 
This chapter will look at how SAM currently works and any issues spawning from that solution. 

Furthermore, it will look at how the industry currently generates both thrust and under water control. 

Finally, it will give a short list of pros and cons for each system presented. 

 

2.1 Current solution and issues 
The current propulsion system used in a twin axle electric motor that is connected to two servo 

motors that can move it around inside the back portion of the submarine. This allows the propeller 

system to change its direction within a 7-degree cone. It is similar to how you would steer a smaller 

fishing boat exemplified in Figure 1. 

 

Figure 1: Smaller boat with similar engine steering as SAM 

The big difference between the two is that the axis where the steering rotates on the AUV is not 

located at the center of mass (the engine) as it would be on a boat. The axis is instead at the back of 

the vehicle with the engine further away from it. The issue this causes is that any movement of the 

engine or steering of the vessel at all will shift the center of mass. For cases of moving up or down 

this will not cause a dramatic effect on the handling. However, when moving left or right this will 

move enough mass to force the boat to tilt over to one side. This tilt will then cause the steering to 

need further adjustment to ensure that it is angled in the right direction thus moving the center of 

gravity again thus increasing the tilt. This will go on until a full rotation has been done and then it 

starts all over again. To counter this roll, the submarine it now has a very heavy base to move its 

center of mass down. This solution reduces any tilting issues caused by steering right and left. 

However, now rolling the submarine to the side is not possible. Any solution presented needs to 

account for this.  

A detailed look at the system can be seen in Figure 2 below where there are several parts working 

together to move the submarine under water.  
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Figure 2: Overview of the control systems in the SAM robot 

There are four different parts that control the submarines movements under water they are as 

followed: 

Longitudinal center of gravity or LCG-trim. This part moves the battery inside the vessel backwards 

and forwards thus changing the center of gravity forward and backwards. This will make the front of 

the submarine tilt down or up. 

Transversal center of gravity or TCG-trim. This part moves a weight from side to side this helping 

stabilize the submarine in case it wants to roll or induce rolling to either side. 

Variable buoyancy system or VBS. This part pulls or pushes water into a tank to change the density 

of the robot. This will make it go up or down by changing its buoyancy. 

Aftcone or engine housing. This part propels the robot forward and can move this thrusting force 

within a small cone.  

The LCG-trim can change the pitch of SAM from 90 degree up to 90 degrees down as can be seen in 

Figure 3 taken from a video of SAM’s development (SMaRC, 2020).  
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Figure 3: Screencap of SMaRC video showing LCG pitch 

Bear in mind that this is an early concept of SAM without any measuring instruments or a thruster. This 

means that there is less distributed weight to account for thus giving easier and faster movements with 

the LCG. Les  

The underwater vehicle SAM currently has a low center of gravity. To change the buoyancy of the 

submarine the vehicle is equipped with a water pump that can change the mass of it. The water pump 

has a built-in brake system which means that if there is a power loss the buoyancy will not change. This 

water pump is placed close to but no at the center of the submarine. Therefore, if the buoyancy is 

changed by using the pump the center of mass will shift backwards or forwards. To counteract this effect 

the battery can be moved back and forth. Due to its large mass changing its lateral position changes the 

vehicles center of gravity.  

The engine used currently to create forward thrust is a Himax CR5025 which is dual electric engine 

with a twin shaft for counter rotation. This engine has a max power of 2000 watts. This engine can 

provide more forward thrust than is needed for the system however, so a smaller engine has been 

tested from the same brand. It is a Himax CR3516 with a peak power of 800 watts. This means any 

solution should be able to generate at least 800 watts of power and preferably closer to 2000. Both 

data sheets for these engines can be seen in appendix C for the CR5025 model and Appendix D for 

the CR3516 model. 
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2.2 Movement under water and airplane terminology 
When moving in 3D space air control terms are often used and will be used in this paper. Those 

controls are the following: Turning the vehicle up or down this is called pitch, turning the vehicle 

over towards one side this is called roll and turning it towards the left of right this is called yaw. This 

can be visualized in Figure 4 below. 

 

Figure 4: Airplane control and terminology 

However, these controls are based on a forward motion to generate lift. This means that moving to 

the left or right (named yaw) will move the vehicle forward as well. When you are under water or 

using a drone, however, motion to the side can be done without moving forward. To not confuse 

these different types of motion this paper will use the term true motion when referring to this. For 

example, “true pitch” will mean that the craft will start tilting up or down without forward motion. 

This terminology will be useful when comparing different types of steering. Most conventional 

underwater controls need some form of forward movement to function. Either by having water go 

over angled fins or thrusters that provide both steering and movement in one (which is most of 

them as this paper will show). 
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2.3 Market research on thruster systems 
There are several different types of underwater propulsion system this paper will look at five 

different types and briefly describe pros and cons regarding them. There are other ways to generate 

propulsion, but this paper will only look at propeller driven thrust of different kinds. This restriction 

was chosen to keep the scope within reason for a project of this size. 

 

Standard mid axel propeller thruster 
By far the most common type of thruster used in marine applications are mid axel propeller 

thrusters. They are used for both commercial and professional applications, examples of which can 

be seen in Figure 5. These use a simple design of an electric engine with an axel going out to drive a 

propeller.  

 

Figure 5: Examples of mid axel propeller thrusters 

This is the same type of principal that drives SAM currently. The only difference being that instead of 

using one axel and one propeller t uses two overlapping axels that drive counter rotating propellers. 

The pros with this type of thruster in general is the simplicity of it and its widespread usage driving 

down prices for consumers. The engine and the shaft are sealed in different ways depending on 

what type is used. The two most common is using ones is using magnetic coupling or rubber seals. 
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Rim motor 
A rim motor in an emerging method of propulsion that is being used in smaller types of watercrafts. 

It drives its propeller on via a magnetic engine located at the rim of the machine. As can be seen in 

Figure 6 it has no center axel and thus reduces the risk of debris getting entangled in the thruster. 

One of the drawbacks to this type of engine is the thickness of its rim. This thickness is needed to 

house the magnets and copper coil that is needed to drive propulsion but nevertheless increases the 

amount of drag when moving.  

 

Figure 6: Mid-sized rim motor thruster 

Another drawback is the losses in the system due to the friction between the propeller and its 

housing. This is due to the fact that the housing uses magnets that press down on the propeller and 

slows down rotation. Because it is a form of electric engine, and it does not use a gearbox future 

research and development might put these types of thrusters ahead of the mid axel ones. (Xinping 

Yan, 2017) 
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Voith Schneider propeller 
Voith Schneider propeller provides a combination of power and control. It works by rotating a disk 

with several fins attached to the bottom as can be seen in Figure 7 below. the force is controlled by 

the speed of the rotating disk and the direction of the force comes from the angle of the blades 

which can rotate independently. A Voith Schneider propeller does not use a standard axel and 

propeller so there is a reduced risk of getting stuck on due to kelp entangling itself around its center.  

 

Figure 7: Voith Schneider propeller 

To use these, you need at least a set of 2 for boats. There are common on vessels that need precise 

controls without using several independent thrusters. Examples of which is offshore old and gas rigs 

and ferries. 

For underwater purposes you need to setup of 4 to have total control. This setup has been used for 

an underwater application at the university of Michigan (Desai, 2022). With a 4-propeller setup you 

are able to move in the following directions: Forward, backwards, pitch, yaw, roll, true pitch, true 

yaw and true roll. This means you are able to get a full range of motion even allowing for true 

movement. There are two drawbacks to this propulsion system if it is meant to be used for the SAM 

robot. Firstly, the propellers sticking out has a potential of catching when moving around in tight 

environments. Secondly, because there is need to have 4 of these propeller systems the amount of 

value and change needed in the system is very drastic. It does, however, remove the need to use the 

TCG, LCG and VBS which will free up some of the space inside. 
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Kamewa Propeller 
A kamewa propeller creates thrust by changing the angle on the propeller instead of changing the 

speed of the rotation, exemplified in Figure 8. This means that the propeller will rotate at a constant 

rate. This method is great for smooth acceleration and allows for equal thrust in both forward and 

backwards direction without the need for a gearbox in the engine. One drawback with this system, 

however, is the required complexity placed on the end of the propeller. This will increase the 

amount of weight and size on the back end of the raft. This also means that any propeller using this 

method of thrust and control will be quite large. There are no current Kamewa propellers that are 

made for smaller crafts like SAM. 

 

Figure 8: Kamewa propeller with two blades 

Water Jet and impeller 
This method of propulsion uses an inlet and an outlet with a propeller between the two. As is 

exemplified in Figure 9.  An impeller is used for a lot of on water marine applications for example jet 

skis and boats. When used under water there is a higher risk that the reaction forces from the inlet 

can affect movement. This is less of an issue on top of water as the inlet is usually placed so that the 

inlet does not affect movement. 

 

Figure 9: Example of impellers function 

One clear drawback with this system is that unless the inlet is on the opposite side of the outlet you 

cannot run the engine in reverse to go the other way. Even if the inlet was on the opposite side any 

steering placed after the outlet to direct the thrust will not substantially steer the vessel when 

reversing.  
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2.4 Market research on underwater control 
Combining these thruster systems in different setups and configurations can provide underwater 

movement. One system may be good for a certain type of movement but lack in other areas and 

only by combining them can a total solution be generated. 

 

AUV, Fin setup 
The most common approach for controlling an AUV is fins an example can be seen in Figure 10. 

These allow for normal yaw, pitch and roll movement. Fins break easily but can be replaced cheaply. 

However, if something breaks under water there is still a need to control it to get the vessel back for 

repairs. Meaning that for a system that is prone to breaking some kind of safety mechanism should 

be added to get back the robot when damaged or broken during use.  

 

Figure 10: Common type of AUV with fins 

One issue with fins is that to have control you need to have water pass over the fins. This means that 

there is a minimum required speed to steer at all. So, if the vehicle needs to stay at one point it 

would have to move back and forth to not start drifting with any potential current.  

Fins are also used to steer non thruster AUV also known as gliders. These gliders use a water pump 

similar to the VBS on SAM to change the buoyance of the vessel. Along with a pump the submarine 

has a set of fins on each side making it look like an underwater plane. Whenever the buoyancy 

changes and the vehicle moves up or down water passes over the fins/ wings making it move 

forward. This simple setup can also steer by moving a mass inside to one side or the other. If the 

submarine tilts to that side it will “glide” towards that direction. This type of steering still has the 

same issue as all fins where forward momentum is needed to steer in any direction. 

 

ROV, thruster setup 
ROV or remote operated vehicles are very common for marine type applications. They are often 

used for inspection and light work on stationary vessels like boats and even oil rigs. The reason for 

their popularity is the amount of precise controls in all axis. They can move true yaw, true pitch and 

true roll with high precision. This is because of the number of thrusters used. For a system that 

wants to move in all 3 directions a setup of 8 thrusters is needed. These thrusters are locked in place 

and are partially vectored meaning that they thrust into an angle as can be seen in Figure 11.That 

means that if the vehicle moves forward the thrusters will work against one another partially.  



12 
 

 

Figure 11: Top-down view of an ROV thruster setup 

What is required for this system to be efficient is to have a be mirrored around its center. If the 

system of thrusters is for example placed at the back, they would have to compensate by rotating 

just to move to the side.  

 

Center of mass shifting 
There is a newer method for creating underwater control used by the company deep trekker. This 

design uses only two thrusters mounted on either side of the body to provide yaw and forward 

thrust. The rest of the control in the system comes from a moving weight that rotates around the 

center of the vehicle. This allows it to move up and down as well as pitch with the use of the same 

thrusters that were controlling yaw (Deep Trekker, 2022). An example of this ROV can be seen in 

Figure 12 below  

 

Figure 12: Center of mass-based pitch solution 

A clear con for this system is the fact that it does not have any roll control, in fact, it is meant to stay 

up right all the time when in use. Even though this configuration does not provide roll, a system of 

moving weights for fast and stable control can be used to do just that.  
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2.5 Abbreviated analysis of Propulsion system 
The results in these chapters are abbreviated from the theory chapter. These will only summarize a 

short list of pros and cons for each system.  

Standard mid axel propeller thruster 
The pros of this type of thruster are its strength and wipe spread usage in the industry driving down 

the price. The many variations of this type of thruster also lends itself to scaling and fitting into 

already existing design space. 

The cons of this type of thruster are the lack of flexibility given that even though the overall size and 

shape may vary the basics of this thruster still needs an engine -> axel -> propeller combo in a line 

for it to work. As well as the need for waterproofing depending on the coupling used. 

 

Rim motor 
The pros of these types of thrusters are the lack of center hub. This will reduce the likelihood of 

getting seaweed or other debris stuck in the propeller. Another great benefit for this type of thruster 

is its integrated design that only requires an external power source. This means that power can be 

fed via industry standard cable hole waterproofing mechanisms.  

The cons of this type us thrusters are the added friction in the system with the propeller and engine 

being one in the same and to generate thrust magnets interface with the propeller. Also, the width 

of the thruster is wider than the propeller natively because of how it works. This means there will 

drag in the system if due to these thicker edges. 

 

Voith Schneider propeller 
The pros for these types of thrusters are that they have no central hub where material can spin 

around and get stuck. Meaning that even in conditions where there is a lot of seaweed the likelihood 

of material getting stuck is low. Furthermore, this system has unparallel amount of control and fine 

adjustment capabilities when combined with several thrusters in a system. 

Unfortunately, the cons of this system are that it needs to have two or even four sets of them in a 

configuration that resembles a car tire. This will change the width of the craft in questions drastically 

and despite it reduced chance of getting material stuck it will no longer be able to move though 

spaces it currently can.  

 

Kamewa Propeller 
The pros of these types of thrusters are the stable rotation speed of the engine making it easier to 

filter out the vibration for the various sensors. This thruster also has a smooth acceleration and 

deceleration in comparison to change in rotation speed or using a gearbox.  

However, the cons for this system are the great amount of space to house the gearbox that is placed 

at the propeller. This extra size will also bring more weight to the system weight that is placed 

furthest back on the hull making it harder to balance and may even require the LTC to be moved. 
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Water Jet and impeller 
The pros of these types of thrusters are that the propeller is protected from outside damage from 

bumping into inevitable debris. As well as the ability to have inlets and outlets independently placed 

meaning they can affect steering and not just thrust. 

The cons, however, are that a water jet would require a redesign of how the entire hull looks. If the 

water from the inlet is set at an angle to be able to be placed at the back of the craft, the reaction 

forces from the water flowing in the system will cause there to be either pitch or yaw added. 

 

2.6 Abbreviated analysis of Movement system 

AUV, Fin setup 
The pros with these types of steering methods are that they are very cheap to manufacture and 

maintain. They are widely used in the industry especially for tubular type of underwater vehicles. 

They can even be used to generate forward motion when used together with a center off mass 

shifter and larger sets of fins.  

The drawbacks, however, are that to be able to generate any form of steering there needs to be 

water flowing over the fins. The minimum speed for control is around 3 knots meaning that there is 

a need for forward thrust for control. This type of steering also tends to break first whenever 

something goes wrong. Meaning that if you strike an object the fins will take the brunt of the force 

and then your control system is nonfunctioning until repaired. 

 

ROV, thruster setup 
The pros for these systems are the amazing level of control provided in all directions for 8 thruster 

setups. This means that the vehicle can stay in one place completely still even when there are 

currents in the water trying to move it away. These types of setups also let the unit lock in any of the 

three directional planes.    

This level of control comes at a cost though. These setups are inefficient when moving in any 

direction because the thrusters are working against one another due to how they are locked in 

place. They also need to be placed at both the front and the back of the vehicle. 

 

Center of mass shifting 
The pros for this system are that the angle set by the new center of mass will be stable in that 

direction. This will make it unaffected by for example currents hitting its side. Unlike thruster-based 

roll or pitch this method does not need to be adjusted over time instead it can be locked in one 

orientation and remain stable as such.  

One issue with this system is the fact that any center of mass change needs to be precisely done as 

to not affect any other axis of rotation. Having a moving mass inside the system will also take up 

space close to the center which can make fitting other components harder. 
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3 Requirement 
This chapter will look at what the client wants and requirements and look at what other stakeholders 

believe to be important for this control system.  

 

3.1 customer wishes 
It was clear from early meetings that the problem description presented in appendix A was the 

extent to what was desired. The project was narrowly described as looking at a single type of 

thruster and evaluating it. In reality there was an interest for a new control and thrust vectoring 

system that would be more versatile than the current solution with fewer drawbacks. 

The goal of the thruster and steering system is to have as much control as possible while remaining 

efficient when moving forward. The reason behind these goals is to have a framework where a 

variety of tests and equipment can be used with this submarine. Some test might require mapping a 

large area with sonar whereas other tests will need the robot to remain in one place for a longer 

time doing readings. This all means that any complete movement system for SAM will have the 

following needs and wants: 

Needs 

Survive a depth of 50 meters 

Ability to go forward at 8 knots or more efficiently  

Ability to roll 

Ability to yaw:  

Ability to pitch:  

Wants 

Pure roll 

Pure yaw 

Pure pitch 

Reduction in the amount of vibrations that go into the frame of the submarine 

Not be heavier than current solution 

Not be longer than current solution 

 

3.2 requirement specifications 
Based on the problem description the requirement specification was written.  
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NR Recuirement Unit Discription Piority

1 Travel forward efficiently Watt

The propultion system runs on battery 

power, that same battery needs to power 

the rest of the submarine. This means that 

that the more effective the forward thurst 

can be the longer SAM can stay out before 

needed to recharge Primary

2 Yaw turn over 7 degrees Angle

The angle that the steering needs to be able  

to create should turn the boat more than 7 

degrees to the right or left. This  can be 

achived while moving forward Primary

3 Pitch angle over 7 degrees Angle

The angle that the steering needs to be able 

to create should pitch the boat more than 7 

degrees to the up or down.This  can be 

achived while moving forward Primary

4 Roll to either side 45 degrees Angle

The system should be able to roll to one 

side at a 45 degrees angle to be able to use 

equipment that is mounted on either side Primary

5 Survive a depth of 50 meters Mmeters

Any solution needs to survive a depth of 50 

metes. Not letting any water into the 

vessles or getting damaged by being in 

contact with water Primary

6 Maintain a speed of 8 knots m/s 

If SAM needs to survey a large area there is 

a need to travel at a decent speed.  Forward 

motion can also help stabalize the system 

depending on what steering solution in 

chosen Primary

7

Not cause vibrations to travel 

through the hull m/s^2 

The hull of the ship uses sonar or other 

similar equipment that can get interferrance 

from vibrations in the system. So any 

solution needs to take this into 

consideration Secondary

8

Not be Heavier than current 

solution kg

The current solution weighs  1.5 kg with 

engine and servo Secondary

9

Move left or right without 

moving froward Angle

To do readings at one spot  it is 

advantageous to not have to move forward 

or backwards when steering Secondary

10

Move up or down without 

moving forward Angle

Moving upwards or downwards without 

forward motion gives a wider range of 

motion Secondary

11 Roll a complete loop Angle

Even though the sensors might only be at an 

angle a rull roll will mean that measuring 

anything from underneath will be possible 

and a full roll gives a wider range of motion Secondary  
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3.3 QFD 
From talks with SMaRC and the information given in the requirement specification a QFD was made. 

It consists of 13 wants from the client and 9 property areas with measurable units. It also compares 

these wants with what the current solution provides to check for what is already done well or what 

needs to be focused on. The wants are looked at through the perspective of three separate 

stakeholders: the company, the manufacturer and the end user. This is to provide a wider range of 

information around all the want areas. Some of the properties that are compared affect one 

another. This is represented by the top triangle of the figure. The triangles are weak correlation, the 

circles are medium correlation and the circles with dots in the center indicate strong correlation 

between the product properties. Towards the lower end of the figure is a summary of the different 

points with the customer weightings. This help show what properties should be receive higher focus 

when designing the next steps. The resulting graphic can be seen below in Figure 13. 

 

 

 

Figure 13: QFD from the product requirements 
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This QFD shows us that the current solution has a lot of areas where it’s deficient, however, when it 

comes to forward thrust and efficiency it is already high meaning that solutions should find a way to 

stay at this level when possible. This QFD also shows that the areas where more effort should be put 

in is around forward and sideways thrust as well as caring for the total weight of the system. The 

areas with lower design priority were length and width. This would indicate that a solution that 

deviates from the current measurement could still provide a feasible solution. 

There have been iterations on this QFD, and an early version can be seen in Appendix E. The 

previous QFD was lacking some of the information that the one above shows and thus gives some 

different conclusions.  One of the reasons was that it did not look at how the current solution scored 

in the different client wants as well as lacked the correlation at the top of the QFD. This correlation 

helps clarify what properties are closely related. For example, a solution with higher thrust force will 

affect the total weight of the system thus improving it in one category and lowering it in another. 

Looking at how the current solution scores also helps guide future designs. As was discussed in the 

paragraph above. 

Towards the bottom of this figure there is an aggregate score for each product properties when 

multiplied by the customer weightings. These scores are then ranked from 1-9 for level of 

importance. Some of the key areas highlighted from this was side thrust, forward thrust and weight 

and these will be paramount when analyzing future concepts. 
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4 Ideation 
This chapter will combine the information gathered from the market analysis and the requirements 

from the client to create solutions to the thrust vectoring issue. This will be done in four steps. First a 

function means tree to gather all the information. Secondly an ideation session to generate full 

concepts that can solve all the issues. Thirdly these concepts will be compared to the current solution 

with a Pugh’s matrix. Lastly, a final concept will be created based on the information gained from the 

previous methods.  

 

4.1 Function means tree 
With the information from the theory chapter that is later summarized in the results a function 

means tree was created. It has a unifying goal of total underwater control. From this prompt the 

arms reach out for each function needed to provide this. These functions have different means who 

then have a function linked to them. The function means tree presented has three levels and can be 

seen in Figure 14 below on its own page.  

The different roots of this tree are mostly taken from the market analysis. Some aspects are slightly 

shifted to cover a broader area. For example, a thruster that is commonplace for forward motion can 

be moved to the side to steer or turn. As well as shifting buoyancy can be used for both up and down 

motion but also forward movement when combined with fins.  

 

The function means tree’s first split creates nine functions that needs to be fulfilled to create total 

underwater control. The final two of which may be more connected to overall usability and stability 

more so than movement control but are nevertheless still relevant for control though not in a direct 

sense.  
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Figure 14: Overview of the function means tree 
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4.2 FMT pros and cons 
For each root of the function means tree there is a comment with short pros and cons for each 

potential solution. Each grouping from 1-9 will have several roots that it ends on. Naming these 

roots will go from left to right with the order of a,b,c and so on. For example, category 1 forward 

motion has two unique routes. One being “backwards facing thrusters” and the other “glider fins 

using true pith”. These will be named 1.a and 1.b respectively. This is exemplified in Figure 15 below.  

 

Figure 15: Function means tree with root comments and naming example 

As to not have several figures one after another all the pros and cons will be written out below for 

each root. These pros and cons are not valued the same. So, even though one root might have 

several cons that does not mean that the solution is worse than one with fewer. What the points 

actually say is far more important than the number of them. How important something is can also be 

related to the QFD presented previously. The pros and cons are as follows: 

 

 

 

 



22 
 

1.a Backwards facing thruster 

Pros Cons 

• Great power and speed • Adds weight to the system 
 

1.b Glider fins using true pitch 

Pros Cons 

• Can use weight already in the system to 
generate thrust 

• Lack of control and fine adjustments 

• Requires wings that can catch when 
moving 

 

 

 

2.a Center mounted thruster 

Pros Cons 

• Large amount of control in that 
direction 

• Changes the hull of the ship 

• Hard to balance center mounted 
thruster 

 
2.b Dual thrusters that are equal distance from center 

Pros Cons 

• Large amount of control in that 
direction 

• Can yaw turn as well 

• Changes hull in two separate places 

 

 

 

3.a Moving center mass with wings 

Pros Cons 

• Low energy requirements • Lack of control and fine adjustment 

• Requires wings that can catch when 
moving 

• Requires forward motion to steer 
 

 3.b Vertical backfin 
Pros Cons 

• Low level of complexity • Requires forward motion to steer 

• Need to feed input from servo motor 

 
3.c Locked side mounted thruster 

Pros Cons 

• High level of control and fine tuning 

• Does not need forward motion to steer 

• Need several thrusters which adds 
weight 

• Will cause extra drag 
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3.d Moving back mounted thruster left/right 

Pros Cons 

• High level control and fine tuning 

• Does not need forward motion to steer 

• Requires high strength and control of 
the steering wires/ arms 

 

 
3.e Using two thrusters next to one anther 

Pros Cons 

• High level of control and fine tuning 

• Does not need forward motion to steer 

• Requires several thrusters 

 

 

4.a Horizontal backfin 

Pros Cons 

• Low level of complexity • Requires forward motion to steer 

• Need to feed input from servo motor 

 
4.b Side fins 

Pros Cons 

• low energy requirement • Lack on control and fine adjustment 

• Requires wings that can catch when 
moving 

• Requires forward motion to steer 

 
4.c Moving back thruster up or down 

Pros Cons 

• High level control and fine tuning 

• Does not need forward motion to steer 

• Requires high strength and control of 
steering wires/ arms 

 
4.d Locked thruster aiming up/down 

Pros Cons 

• High level of control and fine tuning 

• Does not need forward motion to steer 

• Need several thrusters which adds 
weight 

• Will cause extra drag 

 
4.e Using two thrusters in line with one another 

Pros Cons 

• High level control and fine tuning 

• Does not need forward motion to steer 

• Requires several thrusters 

 

 

 

 

 

 



24 
 

5.a Move water in and out 

Pros Cons 

• Makes it easy to descend 

• Allow for variance in weight 

• Requires holes in the hull 

 
5.b Thruster through center 

Pros Cons 

• Large amount of control in that 
direction 

• Changes the hull of the ship 

• Hard to balance center mounted 
thruster 

 

 5.c Dual thruster that are equal distance from center 
Pros Cons 

• Large amount of control in that 
direction 

• Can do pitch angle 

• Changes hull in two separate spots  
 

 

 

6.a Set of two parallel fins 

Pros Cons 

• Low level of complexity 

• Good level of control 

• Requires forward motion for steering 
 

 
6.b Angled thruster 

Pros Cons 

• Good level of control with low forward 
thrust 

• Drags when moving forward 
 

 
6.c Off center mounted set of side thrusters 

Pros Cons 

• High level of control with no forward 
thrust 

• Requires changes to the hull 

 

 

7.a Side mounted thruster 

Pros Cons 

• Drag on the side when moving forward • Adds extra weight in the system 

 
7.b Off center thruster 

Pros Cons 

• High level of control with no forward 
thrust 

• Requires changes to the hull 
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 7.c Move center of mass around buoyancy point 
Pros Cons 

• Precise roll that stays stable 

• No forward motion needed 

• Does not change hull or adds outer 
parts 

• Needs a unique part for it to work 

 

8.a Glue cables 

Pros Cons 

• Cheap and stable solution • Can dissolve over time 

• Permanent solution 

 
8.b Tighten gaps 

Pros Cons 

• Cheap solution • Does not guarantee a tight seal 

 
8.c Direct transfer rotation without making a hole in the hull 

Pros Cons 

• Does not let water through • Can cause vibrations to move through 
the hull 

 
8.d Industry used cable hole fillers 

Pros Cons 

• Removable /changeable • Costs more 
 

 

 

9.a Points that connect with hull use a rubber dampener 

Pros Cons 

• Cheap solution • Not as effective as other methods 

 
 

9.b Points that connect with hull use a spring dampener 
Pros Cons 

• Can use dampening springs • Takes up more space 

 
 

9.c Same rotation speed 
Pros Cons 

• Same speed can be filtered out • Costs more 

• Take up more space and weight than 
other methods 
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4.3 Concepts 
In this chapter there are several concepts presented that were designed with the requirement 

specification and the comments on the FM tree. The concepts are shown in three axes to visualize 

them better and allows for a clearer understanding of the mechanical principals. 

 

Concept 1: Side thruster design with single propeller forward thruster 

 

The first concept uses one main engine and single rotor for forward thrust and a set of four smaller 

side mounted thrusters that goes through the hull of the vessel. The side mounted thrusters provide 

yaw, roll and even true yaw. There are clear pros with this system with one engine and a large 

propeller the craft will be efficient when moving forward. The multi thruster setup can provide great 

fine-tuning controls without needing forward thrust. 

A drawback for this system is the added weight due to the 5 total engines needed to provide power 

and steering. these engines will also take up space that is currently being used for structure and 

stability. This needs to be taken into consideration when a final product is presented. This system 

also has no way to provide any pitch so the pitch will have to be generated by the LCG and if the 

added weight is too high the LCG will not be enough to point the nose down. 

 

Concept 2: Single propeller thruster design with dual yaw fins 

 

The second concept uses, much like the first, one central propeller and engine to generate forward 

thrust. This provides the same benefits as concept 1. For control and steering this uses independent 

dual fins placed behind the propeller. This gives both yaw and roll control.  

This concept has no ability to control pitch so that will have to be delt with by the onboard LCG. 

Furthermore, since the steering is based on there being water flowing over the fin in the back there 

needs to be forward motion to control the craft. The yaw and roll being controlled by the same 

mechanism means that if the craft rolls to one side it can no longer turn left or right.  
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Concept 3: Quad thruster design  

 

The third concept uses four engines that end in single propeller with one set rotating clockwise and 

the second pair rotating counterclockwise. This model can generate forward thrust with its four 

thrusters that all face the same direction. By combining sets of two thrusters this concept can 

generate pitch and yaw. Moreover, because one set can go in reverse while the other goes forward 

it can pitch and yaw without moving forward. And because it does not need water to flow over it to 

steer it can handle fine control as well. Roll can be handled by moving forward with a diagonal set of 

propellers that will generate a rotating force due to the propellers going in the same direction. If this 

does not generate enough roll angle or force the TCG can provide the rest. 

Because of the smaller engines and propellers this concept is less efficient than its large propeller 

brothers. This may come to affect the range and top speed. When it comes to roll this design needs 

to be moving to roll because it uses the inertia from the rotating propellers to do so.    

 

Concept 4: Side by side dual thruster design 

 

The fourth concept resembles the third one but this one uses two larger engines and propellers 

instead of four. This will increase the efficiency for the system when moving forward. This propeller 

setup will allow for yaw movement and just as the concept before it, it can turn left and right 

without moving forward. Pitch will be handled by the LCG as it has been for a few of these designs. 

The potential issues with this design are that there is no innate ability to roll in the system. meaning 

that the TCG needs to be able to rotate the system on its own. Furthermore, when only using one 

thruster to turn left or right there will be a rotational force wanting it to roll. In this case the TCG 

needs to compensate for this.  
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Concept 5: Single engine counter rotating gearbox design 

 

The fifth concept uses a dual counter rotating propeller design with a single axel going out. The 

counter rotation is provided by a planetary gear set to save space. The steering is provided by three 

arms that can move in and out to angle the thruster in a cone shape. Very similar to the current 

solution except the mass stays still with the engine not needing to move to steer. Since this uses a 

thruster that can change angle there is a larger degree of control for lower speeds.  

Unfortunately, this design does not generate any roll by itself so just like the case of the concept 

before it the TCG needs to be the part that generates roll. The large propellers will make the design 

efficient but a gearbox to change the rotational direction of one of the propellers will cost energy. 

 

Concept 6: Dual rim thruster design 

 

The sixth design shows similarities to the one that came before it. It uses a large dual propeller 

setup. This one, however, uses rim motors for thrust instead of a normal mid axel one. The design 

means that instead of a rigid rotating axel that needs to be fed through the hull a flexible cable can 

be used. When waterproofing cables there are many well used methods that also allows it to be 

disassembled when repair is needed. The design has the same level of control when it comes to yaw 

and pitch because it uses the same three arm structure. An upside to this design over number five is 

that the thrusts can be powered independently meaning roll can be achieved in the same way as 

concept 3. 

The cons of this system is that the rim motor thrusts generate more drag due to their thicker rim 

thus reducing the efficiency.  
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Concept 7: Dual engine design with fin control 

 

The seventh concept uses the same engine and propeller setup as the current solution except here 

the engine is locked in place. The steering is provided by a set of perpendicular fins. This system can 

provide yaw and pitch control. With the low number of changes between this and the current 

solution this will be the easiest to implement. With the propellers being independent it can generate 

roll similar to concept 3 and 6. 

This design requires forward movement to generate steering for pitch or yaw. Because of the dual 

propeller setup and fins the length of the design will be longer than the original and longer than the 

other concepts presented.  

 

4.4 Evaluation with Pugh’s matrix 
The concepts were analyzed with a Pugh’s matrix and given a score. The matrix can be seen in  Table 

1 below.  

Table 1: Pugh’s matrix for the different concepts 

 

The matrix compares the concepts with the current solution and gives them a score based on how 

well the concepts solve the different criteria. For a negative score one the concept needs to solve 

the criteria worse than the current solution. An example of which is the pitch angle for concept 1. 

Because it cannot generate pitch on its own while the current solution can it is given minus one in 

that category. For a score of zero the concept is similar to the current solution. An example of which 

is concept is the category vibrations for concept 5. For this concept there is not a substantial change 

in the vibrations that can go through the system compared to the original. For a score of plus one 

the concept needs to solve the criteria better than the current solution. For example, concept 2 in 

the criteria yaw angle. This concept has a larger angle from its fins than the current solution, so it 

solved it better. For a score of plus two the solution needs to not only solve the criteria better but 

also go above expectations of the solution. A clear example of this is the yaw angle for concept 1 and 

concept 3. Both of these concepts can turn left or right without moving forward so not only is their 

angle high, but they can angle without changing the position of the craft.   
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The pugh’s matrix shows three clear outliers when it comes to points gained within the categories. 

Concepts 1, 2 and 3 are all the tied winners when it comes to point gain. What nr 1 and 2 has in 

common is the ability to roll whereas concept 3 can handle pitch. All three have a fair number of 

differences between them. Both concept 1 and 3 provides yaw control without moving forward. 

Concept 3 has an advantage because it can control pitch without moving forward. However, the LCG 

already on board can generate a great deal of pitch on its own as was demonstrated in the second 

chapter. Even though pitch can be generated by the LCG for better control and faster movement a 

thruster control system that can generate pitch on its own is preferable. The simplicity and efficiency 

of concept 2 cannot be overlooked either. Generating a wide range of control with only two fins is 

great and the points gained is a testament to this.  

What is interesting to note is that concept 6 which has a lot of similarities to the concepts before it 

the points gained was higher. This could indicate that the rim thrusters would be an improvement 

when trying that kind of steering /thrust vectoring. 

From this pugh’s matrix there is some information that can be gained. Firstly, steering without 

moving forward is preferable in all directions. Secondly, roll control is important to have especially if 

it is adjustable for smaller movement and gives more precise control. Lastly, forward thrust and 

efficiency is a must for any solution to be feasible for SAM.  

 

  



31 
 

5 Finalized design 
Using the information gained from the QFD, FMT and Pugh’s matrix a finial thrust vectoring system 

was designed. This combines aspects from concept 1 and 3 together with the thrusts from concept 

6. Even though concept 2 also had the same score as concept 1 and 3 the control it gives can be 

solved by combining the other two. Concept 2 gives roll and yaw, both of which needing forward 

motion to gain affect. Therefor the solutions brought by concept 1 and 3 that do not require this 

forward motion is preferable.  

The new design, hence forth called Quad, uses four back mounted thrusts in an X shape for forward 

thrust, pitch and yaw as well as two perpendicular smaller thrusters for roll and additional yaw 

power. This design does not have an increase in overall length of the system and will have similar if 

not the same width. A three-perspective view of the design can be seen in Figure 16: Finalized design 

for SAM named Quad below in the order of back, top and side perspective.  

 

Figure 16: Finalized design for SAM named Quad 

With this Quad design only using rim motor thrusters for speed and control this means the system 

will be easily waterproofed. There will be no need waterproof a rotating axel. Instead, the mounting 

pointes can house the cabling needed to move power out to each thruster. Even if a magnetic 

coupling would have been chosen and the axel would be waterproofed that way there would instead 

be a risk of the vibrations moving through the hull of the ship. The same goes for the cross mounted 

thrusters that cut through the submarine. These can be fed power from inside but the tunnel they sit 

inside can all be one piece. This should give SAM as a whole a better ability to go to deeper depths. 

That is to say if there are no other parts that now will become the weak point for any water leakage.  

The rim motors also give an advantage for avoiding debris due to their no-hub design kelp and other 

strand like material will not get trapped around a single axel. This will help avoid needed to service 

the vehicle as often when out doing research.   

 

5.1 Suggested components  
As stated earlier in the introduction of this paper the current electric engine used on the SAM 

vehicle can generate a maximum of 2000 watts of power and a suitable option for a smaller engine 

that would still solve the thrust needs generated 800 watts of power. This is just for forward thrust, 

when it comes to rotation a much weaker engine can be used.  

For a setup of four engines placed in a cross at the back it should not extend further than the 

diameter of SAM. The diameter of the ship is 125 mm this means the four thrusters should not be 

larger than half of this distance. Looking into the availability of hub-less thrusters on the current 

market there is a set that matches closely with these size and power demands. The thruster in 

question is the Hydromea DISKDRIVE 50. This thruster has a max power output of 400 watts and 

with a setup of four of them they can generate around 1600 total power. Even though there are 

more metrics for a thruster than just power (force, rpm etc) this is just to show the viability of a 
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thruster setup this size and shape. When it comes to size the hub of the thruster is 50 mm and has a 

total diameter of around 80 mm. This is a bit larger than what is desired but it not too far away. The 

data sheet for this thruster can be seen in appendix F.  

For the two side thrusters a set of smaller ones similar to the ones used on the Hydrus drone would 

work well. They even use the tagline “small and affordable” when describing it. Where has that been 

said before? The hub less thruster they use is roughly 4 cm wide. These thrusters do not have to be 

strong because it will only be doing a rotating motion mostly and partially help in any yaw control 

that the rear thrusters are not able to do on their own. The full data sheet for the Hydrus can be 

found in appendix G.  
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6 Discussion 
6.1 Discussion around design process 
The control system for SAM consists of many parts, the TCG, LCG, VBS and thruster. If the goal is to 

create a movement system that gives the desired characteristics a full redesign should be made. If 

the goal is to create a movement system that gives the biggest freedom with movement to be able 

to do a variety of tests and experiments all parts should be looked at. The reason behind this is that 

any system not designed together will not be able complement each other in every way and, in some 

cases, will make counter act one another.  

A more ROV esc version should have been considered when making the concepts that were looked 

at. One with locked angled thrusters could have had some interesting properties. The drawback with 

this design is the forward thrust effect that is desired. It could give great control for lower speeds 

just like normal ROV type systems give.  

If other weightings are used at the start of the project other designs could have gained more points 

and thus been the basis for the final design. The final design presented here is provides a large 

amount of control and very good low speed or no speed steering. it does however lack one large 

single engine for thrust which would make it stronger and more efficient when moving forward. So, 

depending on what aspect is rewarded the final design can vary greatly. If there was no want to have 

zero forward movement control the final design would be very overkill.  

 

6.2 Discussion around final design 
The industry majority when it comes to AUV control systems is overwhelmingly fin-based. Fins are 

cheap and easy to replace and provides excellent control when moving forward. But it does, 

however, need forward motion to get this control. For research jobs that only requires the AUV to 

survey a large area with limited sideways and up/down movement fins are a great choice.  

Cost was a very low factor when looking at components and design in this case. It was not however 

completely shunned. Any design that would require massive budget or insanely expensive parts 

were removed early. 

The quad design is less efficient than something that uses one large one. Depending on how much 

you value this efficiency another solution could come out ahead. The one thruster setup would 

however take a hit in overall control especially control without forward movement.  

As mentioned in chapter 5 when looking at thrusters that could work for forward thrust the ones 

chosen had a power rating of 400 watt each giving a total power of 1600 watts for the four of them. 

there are several measurements for thrusters so just looking at wattage will be limiting. What could 

be looked at closer would be thrust power difference between the two as well as maximum RPM. 

When making a more detailed design for the thrusters these aspects should be tested. The 

components suggested was more a proof of concept to see if rim thrusters in a 2x2 setup would be 

close to what is currently offered.  
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7 Conclusions 
This project looked into a new thrust vectoring and control system for a small autonomous 

submarine named SAM. This vessel is made for research so its requirements for movement can 

range quite drastically. Any control system would need to be able to turn in all axes preferably 

without requiring forward motion as well as generate forward motion quickly and efficiently. Before  

The project follows a double diamond design method. This method helped guide the project from 

start to finish. early stages looked at what was available in the market combined with what SAM 

could currently do (or not do). This information was used to generate project requirements for 

potential solutions. These solutions were brought forth via combining different methods for 

underwater control for all three axes. The concepts generated were then analyzed and ranked to 

create one final design.  

The final design that is presented in this thesis uses two setups of thrusters. One grouping is a cross-

formation of four thrusters in the back. These provide yaw, pitch and forward motion. The other set 

of thrusters are placed perpendicular to the hull of the ship. These pump water from one side to the 

other they are both placed off center to be able to generate not only yaw but also a controlled roll 

with no forward motion.  

All thrusters used for this design were hubless thrusters these types of thrusters are an emerging 

technology that generates thrust from the rim of the engine. The advantage of this method is that 

these thrusters don’t have a center axel where things similar to seaweed can get tangled into. This 

means that there should be less issues for longer trips by removing these potential issues. 

Future work in this area could go in two directions. One is looking into the components and making a 

more detailed design for the thruster setup advised. Two is doing another round of designs looking 

at more than just the tail end of the submarine. Even though this paper looks at the tail thrusters 

and how that could be setup more components are used inside SAM that effect the steering and 

control. 
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Appendix 
Appendix A: Copy of the assignment 
First copy of assignment 

 

Second copy of assignment 
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Appendix B: Double diamond method 
 

This project will follow a double diamond design model. This method consists of four distinct phases. 

Phase one is called discover, this is where an understanding is gained about the area and 

background about the problem. Phase two is called define, this is where the problem is defined and 

goals are set. Phase three looks at developing a large amount of solutions to those problems. And 

finally phase four is called deliver, this phase is about evaluating the different solutions to present a 

final one. This method is very common in design engineering and works for both products and 

services. The name of the method comes from how it looks when all the phases are put side by side 

as can be seen in figure xx. (Costa, 2018) 

 

Figure x: Example of a standard double design layout 
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Appendix C: Specification sheet for CR5025 engine 
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Appendix D: Specification sheet for CR3516 engine 
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Appendix E: Early QFD  
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Appendix F: Specification sheet for DiskDrive 50 engine 
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Appendix G: Hydrus data sheet 
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