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Abstract 

While on a ship of any size, it is desirable to have a stable deck to ensure maximum safety 

and enjoyment for passengers. Ships have normally relied upon the design of their hulls for 

stability. However, even with a superior hull design, ships are incapable of completely 

mitigating such rolling motion. To reduce rolling motion further, an additional stabilization 

system must be implemented. This report documents the development of such a 

stabilization system in response to the request for proposal (RFP) received from 

WaterWorks Co. on October 17, 2017.  

The objective of the project was to produce a fully-functional, scale-prototype of a system 

that could decrease the roll of a 12ft long ship by at least 50%.  

Current stabilization methods were investigated and evaluated in terms of the performance 

requirements specified in the RFP. A gyroscopic stabilization system was then selected as 

the superior method of stabilization and detailed design proceeded. 

In order to determine the stabilization torque required and size the flywheel located inside 

the gyroscope, the team performed theoretical calculations based on mathematical models 

of the boats that were to be stabilized.  

A functional prototype was then manufactured featuring a steel flywheel and shaft enclosed 

in an aluminum cast-housing with waterjet-cut housing caps. The housing is located within 

an extruded t-slot frame, and the flywheel is driven by a 12V DC motor. 

Several tests were then performed on the finished prototype to evaluate the overall 

effectiveness of the system. The system reduced roll by approximately 50%. 

Future work includes manufacturing a full scale prototype, and implementing an active 

control system to drive the precession motion. 
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1. Introduction 

Traditionally, the only factor in a boat's stability was the design of the ship’s hull. While this 

has been satisfactory for centuries, rich boat patrons are always looking for ways to further 

improve the comfort and luxuries of their boating experience, which has given birth to a 

market of externally-mounted stability systems. However, these systems are mainly 

designed for boats longer than 20 feet. 

1.1. Project Objectives 

The goal of this project is to design a stabilization system that will reduce the roll of a small 

boat by 50%. The boat is about 12 feet in length. It is assumed that the boat is in calm water 

and thus never exceeds a roll angle of ±10 degrees.  

A scale-prototype will be manufactured, and testing will be performed to determine the 

system’s effectiveness. 
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2. Detailed Description of the Current Status 

2.1. The Problem to Solve 

During a boating trip, waves produce large amounts of torque upon the vessel causing large 

rolling action of up to 10 degrees. This is detrimental to the boating experience and comfort 

of the passengers. A scale-prototype of a stabilization system that will reduce a small ship's 

roll by 50% is desired. The best method of stabilization must be selected, and then a 

detailed design must be completed, followed by manufacturing and testing of a prototype.  

2.2. Project Hypothesis 

While there are multiple commercial products available for larger vessels to stabilize roll, 

after evaluating the possibilities, as described in Chapter 4.2, it was predicted that the most 

effective solution for small, luxury vessels would be the use of a gyroscope that produces a 

torque countering the roll of the ship.  

A simplified mathematical model of a small ship was created. Ocean waves exert an exciting 

moment on a boat’s hull. This causes it to roll. As seen in Figure 2-1 and Figure 2-2, as the 

angle of roll increases, the exciting moment from the waves increases, and thus the torque 

necessary to stop the rolling motion increases in a similar fashion.  

The model predicted that to reduce the roll of a 12 foot long boat with a beam width of 61 

inches the stabilization system would require a maximum stabilization torque of 

approximately 450 N·m, as shown in Figure 2-2. This value is based on the boat and wave 

properties used for inputs, as seen in Appendix C. 
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Figure 2-1 – Roll Angle of Boat vs. Time Based on Waves 

 

 

Figure 2-2 – Exciting Moment vs. Time  
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If the period of roll is assumed to be two seconds, then the required angular momentum 

produced by the flywheel must be approximatley 115 N·m·s.  

For a flywheel operating at 8000rpm and designed with a web and flange configuration, as 

seen in Figure 2-3, the diameter would need to be almost one foot in order to achieve the 

required angular momentum. 

 

Figure 2-3 - Theoretical Flywheel Section View 

Therefore, for the purpose of this project, a scale-prototype will be produced featuring a 

flywheel with a diameter of 4 inches, a flange thickness of half an inch, and a web thickness 

of a quarter inch. Table 2.1 shows the stabilization torque this flywheel is predicted to 

produce, for various operating speeds. 

Table 2.1 - Theoretical Torque Output at Different Angular Velocities 

Flywheel Angular Velocity (RPM) Stabilization Torque (N·m) 
2000 2.428 
4000 4.857 
6000 7.285 
8000 9.713 
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3. Theoretical Background 

3.1. Ship Coordinates 

As seen in Figure 3-1, boats have up to six degrees of freedom. The boat stabilization system 

in this project only focuses on reducing roll. 

 

3.2. Modelling Boat Motion 

In reality, a boat’s motion is very complex to model, in some cases requiring “a set of six 

coupled differential equations” which still “rely on simplified assumptions.” [1, p. 500] 

However, for this project, only the rolling motion needs to be analyzed, which allows further 

simplifications to be made. 

For small roll angles of ±10 degrees, a boat’s rolling motion can be approximated by:  

𝑎�̈� + 𝑏�̇� + 𝑐𝜙 = 𝑑 (3-1) 

Where a, b, and c are proportionality factors, and d is the external roll excitation. [1, p. 501] 

  

Figure 3-1 - Degrees of Freedom for a Ship 
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For a ship rolling in beam seas, the external roll excitation is governed by [1, p. 506]: 

𝑑 = 𝑔 ⋅ Δ ⋅ 𝐺𝑀 ⋅ 𝜋 ⋅ (
𝐻𝑤

𝐿𝑤
) sin(𝜔 ⋅ 𝑡) (3-2) 

Where  

𝑔 = 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝐺𝑀 =  𝑚𝑒𝑡𝑎𝑐𝑒𝑛𝑡𝑟𝑖𝑐 ℎ𝑒𝑖𝑔ℎ𝑡 

Δ = 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 

𝐻𝑤 = ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑣𝑒 

 𝐿𝑤 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑤𝑎𝑣𝑒 

𝜔 = 𝑤𝑎𝑣𝑒 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

𝑡 = 𝑡𝑖𝑚𝑒 

 

In order to estimate the torque required to stabilize a boat, it was assumed that if the 

stabilization system can produce the same amount of torque as the exciting moment 

produced by the waves acting on the boat’s hull, then the system would effectively cancel 

out the rolling motion. Thus by inserting appropriate values for the parameters into 

Equation 3-2, the required stabilizing torque can be estimated. 
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4. Description of the Project Activity and Equipment 

4.1. Concept Research 

Patent research was performed to determine possible methods of boat stabilization. Each of 

the possibilities was then compared based on a variety of criteria, as seen in Figure 4-4, to 

determine which would be most effective at minimizing roll. 

4.1.1. Flopper Stopper 

The Flopper Stopper is a plate made with thin sheets of metal that is placed into the water. 

When the waves flow over the flopper stopper, viscous forces resist the rolling motion. 

Currently, there are not many providers of such a solution however patent research lead to 

Patent No. FR2769578A1: Plate Stabilizer for Boat at Anchor or Adrift seen in Figure 4-1.  

While the upside of the flopper stopper is its lightweight and inexpensive construction, it 

can be easily damaged as it sits outside the boat under the water, and thus needs to be 

removed from the water manually before the boat can start to move again. 

 

Figure 4-1 - Plate Stabilizer for Boat at Anchor or Adrift 
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4.1.2. External Fins 

External fins have been used to aid in the stabilization of boats for a large period of time. 

These fins are mounted to the outside of the boat, as seen in Figure 4-2, and are either 

passive or active depending on the level of sophistication used to mount and control the 

fins.  

While these fins are fairly effective at reducing the roll, they also introduce certain 

challenges, such as impeding the boats maneuverability, and being susceptible to damage 

from ocean debris. Also, as they are permanently mounted to the outside of the boat, repairs 

and modifications can only be done by removing the entire boat from the water. 

 

Figure 4-2 - Externally Mounted Actuating Fin [2] 
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4.1.3. Gyroscope 

Gyroscopic stabilization systems work by spinning an object with a large mass moment of 

inertia, usually a flywheel, at a certain speed, as designated by the boat’s requirements. 

When the boat rolls, due to gyroscope physics, the spinning mass precesses. This precession 

motion then creates a torque that opposes the rolling motion. More details regarding 

gyroscope physics can be found in Appendix D. 

The mass being spun can be anything from a solid disk to a liquid. For example, Figure 4-3 

shows Patent No. US7458329B2 Hydro-gyro Ship Stabilizer, which spins water at high 

speeds to damp the roll of a boat. [3] 

 

Figure 4-3 - Patent No. US7458329B2 Hydro-gyro Ship Stabilizer [4] 

4.1.4. Passive or Active Anti-Roll Tanks 

Passive and active anti-roll tanks feature a contained liquid mass which is allowed to slosh 

back and forth. The tank is designed so that the sloshing motion creates an opposing force 

due to the fluid’s inertia. This force dampens the rolling motion. More sophisticated active 

tank systems may also use pumps to force the liquid from one side of the tank to the other 

to increase the opposing forces and allow more precise timing. 

4.1.5. Passive or Active Mass Dampers 

Similarly to anti-roll tanks, mass dampers work by having a mass delayed by its own inertia, 

or forced to back and forth by a control system to create forces that oppose the rolling 

motion. This system is found mainly on much larger ships, such as cruise liners. Similar 

systems are also used in buildings to dampen out vibrations due to earthquakes. 
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4.2. Concept Selection 

Using a decision matrix, as shown in Figure 4-4, the concepts described in chapter 4.1 were 

evaluated in terms of their ability to meet the performance requirements. The results of the 

decision matrix revealed that the flopper stopper was the superior method of stabilization. 

However, the project team chose to pursue a gyroscope instead, as flopper stoppers need to 

be taken in and out of the water during use, a task that interferes with the luxury feel of the 

boats the system is being designed for.  

 

Figure 4-4 - Concept Selection Decision Matrix 

 

4.3. Detailed Design 

The following section describes how the size of the flywheel was determined. 

4.3.1. Gyroscope Torque Calculations 

A 3D-model of a small ship was created in SolidWorks in order to determine appropriate 

parameters for Equation 3-2 and for other equations from [1] that were used in the 

mathematical model. Once the required stabilization torque for the small ship was 

calculated, the required size of the flywheel was determined to be about one foot in 

diameter, and six inches wide. This was done by relating the stabilizing torque to the 
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angular momentum, and thus to the size, shape, and operating speed of the flywheel, 

through the governing gyroscope equations found in [5].  

Due to time and manufacturing constraints concerning the housing for the flywheel, the 

design was scaled down to the largest size that could still be manufactured using the 

available processes, and within the allotted time frame and budget. The final flywheel was 

sized at four inches in diameter and two inches wide, as shown in the shop drawing in 

Appendix E. 

4.3.2. Flywheel Stress Calculations 

Since analytical equations for a web and flange geometry could not be found, initial 

estimates for the flywheel stresses were based on the governing equations found in [6]. 

Figure 4-5 shows that for a flywheel shaped as a hollow cylinder spinning at 8000 RPM, the 

stresses are well below the yield strength of steel (approximately 250MPa).  

 

Figure 4-5 – Flywheel Stress vs Radius 

  



 
 

14 
 

 

4.4. Manufacturing 

The following section describes the manufacturing procedures used during the production 

of the various components of the gyroscope stabilizer. 

4.4.1. Flywheel and Shaft 

To keep the flywheel as balanced as possible, it was made as a single piece by turning down 

a 4-½ inch diameter stock round bar. After the surface was trued on the lathe, a 1-5/32 inch 

hole was bored into the material to allow for a tight fit between the shaft and the flywheel, 

as seen in Figure 4-6. 

 

Figure 4-6 - Flywheel 

The shaft was produced in similar fashion to the flywheel by turning a 1-¼ inch steel rod on 

the lathe. As seen in Figure 4-7, five steps of various diameters were included in shaft design 

to provide shoulders for the bearings, support the flywheel, as well as connect the shaft to 

the motor,  

First, the different diameters were roughed out to 20 thousandths of an inch oversized. Half 

of them were turned from one side of the shaft, then the shaft was flipped around to allow 

turning of the rest of the diameters. The shaft was then re-mounted in the lathe, this time 

from both ends, and the diameters finished to the specifications. This ensured all the 

diameters would be as concentric as possible to reduce the chance of vibrations. 

Once the flywheel and shaft were machined, it was found that the fit between them was a 

few thousandths of an inch too loose due to a manufacturing error. Because of time 

constraints, rather than reproduce the shaft or flywheel, the shaft was given a knurled 
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surface where the flywheel would sit. This procedure increased the diameter of the shaft 

enough to achieve the intended tight fit between the two parts. The assembly was then 

aligned and refinished on the lathe to ensure proper balancing. The mounted shaft and 

flywheel can be seen in Figure 4-8.  

 

Figure 4-7 – Shaft 

 

 

Figure 4-8 - Shaft Mounted in Flywheel  
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4.4.2. Housing 

Since only one prototype was being built, it was determined that the best manufacturing 

method for the housing was lost-foam mold sand-casting. However, since two housing 

halves are required, and since the likelihood of achieving a perfect casting the first time was 

low, a 3D- printed negative of the housing, as seen in Figure 4-9, was produced to allow the 

creation of multiple polyurethane foam molds. One of these foam molds can be in Figure 

4-10. 

When the molten aluminum is poured into the sand casting with the foam mold inside, the 

foam vaporizes, form the aluminum housing as seen in Figure 4-10. This allowed for a quick 

and repeatable casting process. 

Once castings of sufficient quality were achieved, all mating surfaces on the housing were 

trued on the milling machine, the bearing holes were bored out to the correct size, and bolt 

holes were drilled, as shown in Figure 4-11. 

 

Figure 4-9 - 3D Printed Mold Negative 

 

Figure 4-10 - Aluminum Casting (Left) and Polyurethane Mold (Right) 
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Figure 4-11 - Final Machined Aluminum Casting 

4.4.3. Bearing Locating Caps 

The bearing locating caps exist to ensure the bearings in the housing do not move axially at 

any time during the gyroscopes operation. The initial mounting plates for the caps were 

produced using a waterjet cutter, which cut the two circular parts, seen in Figure 4-12, out 

of a quarter inch thick aluminum plate. The parts were then powder coated for additional 

protection from the elements, and for aesthetic reasons. 

 

Figure 4-12 - Bottom Bearing Cap (Top) and Top Bearing Cap (Bottom) 
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4.4.1. Motor Mounting Bracket 

The motor mounting bracket was cut on the waterjet cutter out of 1/16 inch sheet steel. The 

mounting bracket was then bent into shape and powder coated to prevent rusting. The final 

motor mounting bracket can be seen in Figure 4-13. 

 

Figure 4-13 - Motor Mounting Bracket 
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4.4.2. Precession Brackets 

The precession brackets were built out of two separate pieces; one piece of ¼ inch thick, 

two inch by two inch angle iron, and one piece of ¾ inch HR steel rod. The angle iron was 

first cut on the band saw to length then taken to the drill press to produce the two 3/8th inch 

holes for bolting them to the casing, and one ¾ inch hole for the steel rod to sit in. The steel 

rod was turned on the lathe and then cut to length.  One of the rods was hollowed out to 

allow a path for motor wiring. The rods were then welded to the angle iron before being 

sandblasted and powder coated to prevent rusting. The final brackets can be seen in Figure 

4-14. 

 

Figure 4-14 - Precession Brackets 
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4.4.3. Gyroscope Frame 

The frame for the gyroscope was built out of one inch by one inch aluminum t-slot for the 

supporting structures, and then insulated using ¼ inch thick Lexan plastic for the larger 

sections of the frame, and ¾ inch thick Plexiglas to mount the precession bearings in. The 

aluminum t-slot was cut on a cold saw to the necessary lengths then had ¼ inch holes 

drilled into them to allow for hidden fasteners to be used. The Lexan was cut on a panel saw 

to the required dimensions and then had small tabs cut out of the corners to bypass the 

hidden screws. The Plexiglas was cut to the required lengths using a table saw and then a 

router was used to remove material around the edges so that it would slot into the t-slot 

aluminum, as seen in Figure 4-15. The Plexiglas then had a hole bored out using a milling 

machine to fit the bearings into. The final construction of the frame can be seen in Figure 

4-16. 

 

Figure 4-15 - Plexiglas Shoulder Bearing Mount 

 

Figure 4-16 - Gyroscope Container 
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4.5. Assembly 

In the final assembly, the shaft and flywheel are contained within the aluminum cast 

housing, which is located inside the t-slot frame via the mounting brackets, as seen in Figure 

4-17. The final constructed assembly can be seen in Figure 4-18.  

 

Figure 4-17 - Section View of Final Assembly 

 

 

Figure 4-18 - Final Assembly of Gyroscope 
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4.6. Testing Procedures 

To test the gyroscope’s damping capabilities, several tests were performed. Arch-shaped 

pieces of bent steel were mounted on the bottom of the frame, shown in Figure 4-18, to 

allow it to rock back and forth, simulating the rolling motion of a boat at sea.  

The first test involved tilting the assembly to an angle of approximately 10 degrees and then 

releasing it. This was performed with the gyroscope turned off and then again with the 

gyroscope turned on. The angle of the assembly over time was collected using an 

accelerometer. 

For the second test, the assembly was placed on top of a piece of plywood, and then 

subjected to an approximately constant oscillation motion by lifting and lowering the 

plywood to simulate a wave. The gyroscope was left off for around five seconds then turned 

on for around five seconds. The roll angle of assembly was then collected with an 

accelerometer. 
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5. Discussion of Results 

The following section looks at the data collected during testing and discusses the 

implications of the results as well as the difficulties encountered during testing. 

5.1. Natural Decay Test 

For the first test, the frame was tilted to a measured angle of approximately 10 degrees and 

then released with the gyroscope turned off and then with the gyroscope turned on. Figure 

5-1 shows that when the gyroscope is active, the time for the rocking motion to decay is 

reduced from approximately eight seconds to four seconds. 

 

Figure 5-1 - Roll Angle vs. Time - Natural Decay Test 
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5.2. Constant Periodic Forcing Test 

For the second test, the frame was subjected to a constant periodic force. Figure 5-2 shows 

that when the gyroscope is activated, the roll angle is reduced by approximately 50%. 

 

Figure 5-2 – Roll Angle vs. Time - Constant Periodic Forcing Test 

5.3. Implications of Results 

Since due to time constraints a mechanically repetitive test rig was not able to be 

constructed, precise values for how effective the system is cannot be stated at this time. 

However, the results shown in Figure 5-1 and Figure 5-2 are still very promising, giving a 

rough estimate of the system’s effectiveness, and showing that the gyroscope is an effective 

means of stabilization that is worth developing further. 
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5.4. Difficulties Encountered 

The main difficulties encountered with testing the gyroscope was the lack of time to 

produce a mechanically repetitive test rig, as well as vibration issues that made capturing 

clean data difficult. 

Since the constant periodic forcing was generated by one team member moving the end of a 

piece of plywood manually and attempting to produce a constant motion, the frequency of 

the forcing motion is unknown. While the team members moving the plywood did their best 

to match the natural frequency of the assembly, an electronically controlled forcing rig 

would allow fine tune adjustments to be made, and thus allow a more extensive analysis to 

be performed. 

Another difficulty was that when the gyroscope was turned on, the accelerometer used to 

take readings would pick up the vibrations, making the data more difficult to interpret. This 

was a huge problem during initial tests. It was soon discovered that the motor and shaft 

were very misaligned and causing unnecessary vibrations. Once the misalignment was 

fixed, vibrations were reduced to a level that allowed reasonably clean data to be collected.
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6. Conclusion 

To achieve the final product of a working boat stabilizer, there were many steps that had to 

be completed sequentially. The project began with identifying the objective, which was to 

design and build a scale-prototype of a system that would reduce the rocking motion of a 

small boat at rest by 50%. 

Next, the team evaluated numerous concepts and determined which would be most 

effective at meeting the objective using a decision matrix. The gyroscope was chosen as the 

superior method of stabilization.  

Each team member brainstormed numerous ways of manufacturing and assembling the 

gyroscope, taking into account available manufacturing processes, materials, time available 

to manufacture the various components, as well as cost.  

A working prototype was produced, and testing was performed. The results of initial tests 

demonstrated the gyroscope’s ability to decrease roll by approximately 50%. 

6.1. Future Work 

Future work for the gyroscope stabilization system comes down to four main categories: 

1. Testing 

2. Controlling 

3. Design Improvements 

4. Manufacturing Improvements 

For our gyroscopic stabilization system, testing was performed without a repeatable, 

mechanical forcing system. Therefore, future work includes developing an automated test 

rig to improve the accuracy of the data collected. The rig would also be capable of 

measuring the stabilization torque produced by the system. 

The gyroscopic stabilization system currently does not use any control systems that can 

predict the movement of the boat which would further improve the effectiveness of the 

system. Therefore, to further improve the system’s effectiveness, a control system should be 

produced that can predict the motion of the boat and drive the precession motion of the 

gyroscope accordingly.  

The current design is also not as space efficient as it could be. Large sections of the 

container are empty space which could be used for increased flywheel size. Therefore, the 

efficiency of the housing and flywheel shape could be improved to reduce the empty space 

within the frame and increase the system’s performance. 

The motor mounting bracket could be redesigned for more precise locating of the motor 

shaft, which would eliminate the need for manual adjustments and guarantee proper 

alignment. As well, the casting process could be refined to achieve a better surface finish.  
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6.2. Lessons Learned 

Many lessons were learned during the duration of the project. Some of these lessons 

resulted in changes that could be implemented immediately, whereas other lessons resulted 

in desired changes that will have to be implemented at a later date.  

The molds for the housings were designed to the final dimensions of the SolidWorks model. 

However, the amount of material that needed to be removed to achieve reasonable flat 

matting surfaces was underestimated, and thus after machining, the housings did not fully 

contain the shaft. Therefore, to compensate for the lost material and ensure that the shaft 

would fit within the housing, a ring, as seen in Figure 6-1, was manufactured out of ¼ inch 

thick aluminum, and was placed between the housing mating surfaces. In the future, the 

team will be sure to design casting molds oversized to compensate for the lost material due 

to machining. 

 

Figure 6-1 - Aluminum Spacer Ring 

 

While the motor mounting bracket was relatively easy to bend into shape, it was discovered 

that when assembling it to the motor, imperfections in the bends and mounting holes 

caused the misalignment of the motor shaft, which resulted in unnecessary vibrations. 

The reason for this misalignment was that the motor mount was originally made for a 

smaller motor but needed to be modified for a larger motor when it was found the smaller 

motor was undersized. So while the original mounting holes had been cut with the water-

jet, the new mounting holes were drilled on the drill press, and the tolerances were out just 

enough to cause the flexible coupling to bind when rotating. 
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This problem was mitigated by re-drilling the mounting holes larger such that the bracket 

can be shifted to precisely align the motor and shaft. As well, shims were placed under the 

motor to improve its angular alignment. 

Working through this misalignment problem gave the team a better sense for how much 

precision rotating parts need in order to operate smoothly, and how much time can be 

saved if a part is designed to eliminate the need for manual adjustment. 

The final lesson learned was that the team must be always be prepared to be adaptable to 

unforeseen circumstances. The original motor selected to drive the flywheel ended up being 

drastically undersized due to misjudgment when calculating the required torque, and thus it 

began overheating during initial tests. With the help of Jason Brett, a significantly larger 

motor was found to drive the flywheel. This required some modifications to the motor 

mounting bracket and the flexible coupling, 
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 Project Management Documentation 
This appendix contains the documents used during project management. 

 Milestone Schedule 
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 Technical Requirements 

Criteria for Performance Approval: 

 Weight  

 Cost  

 Size  

 Damping Effectiveness  

 Power Requirements  

 Noise   

Functional Requirements: 

 Easy to install  

 Autonomous operation 

 Quiet  

 Easy to maintain  

 Reliable in harsh marine environment  

 Minimal vibration 

 Minimal boat modification required  

 Compatible with medium sized yachts (20-30ft) 

Performance Requirements: 

 Reduce roll by at least 50% 

 Smooth / comfortable response  

Other Requirements: 

 Conforms to marine safety standards 

Limits and Exclusions: 

 Controls roll only 

 Only designing for boats at rest  

 Only designing for medium sized boats 

 Tests will only look at anti-roll effectiveness 
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 Work Breakdown Structure 
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 Responsibility Assignment Matrix 
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 Project Schedule 

 

 





 
 

C. 1  
 

  B o at M o d el P a r a m et e r s  
 

 
C o nst a nts us e d i n T h e o r eti c al 
C al c ul ati o ns  

C o n st a nt s  I N P U T S 

g [ m/s²]  9. 8 1  
 

B o at P r o p e rti es us e d i n T h e o r eti c al 
C al c ul ati o ns  

B o at 
Pr o p erti e s  

I N P U T S 

i’T [ m] 0. 2 7 2  

∆  [ k g] 9 1 7. 0 0 0  

D  0. 1 0 0  

G M [ m]  0. 1 0 0  
 

W a v e P r o p e rti es 
us e d i n T h e o r eti c al 
C al c ul ati o ns  

W a v e 
Pr o p erti e s  

I N P U T S 

H w  [ m] 0. 5 0 0  

L w [ m] 3. 0 0 0  

ν A [r a d] 0. 5 2 4  

ω [r a d/ s]  6. 0 0 0  
 

 
 

E q u ati o n  P a r a m et e rs  us e d i n 
T h e o r eti c al C al c ul ati o ns  

E q u ati o n 
P ar a m et er s  

I N P U T S 

a  6 7. 8 4 3  

b  4 9. 4 0 9  

c  8 9 9. 5 7 7  

ẟ  0. 3 6 4  

ω o  3. 6 4 1  

Ф o  0. 0 0 0  

V 3  0. 5 7 3  

η  1. 6 4 8  

ϒ 3  0. 1 9 0  
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 Design Review Package 
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 Manufacturing Drawings  
The following section includes the manufacturing drawings for all parts produced. 
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  Calculations 
The following section includes the calculations performed to tolerance the dimensions for 

manufactured parts, stresses acting on various components of the system, as well as a 

critical speed analysis of the shaft. 

 Tolerance Calculations 
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 Miscellaneous Calculations 
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Precession bracket sizing 

 


