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Abstract  

Fossil fuels have been a popular source of energy for a long time.  Some of the 

more prominent drawbacks are its finite life and toxic byproducts.  Newer technologies 

have risen to solve this problem.  Currently, technologies being researched include 

devices to harness solar and wind energy.  The existing wave-generating units are usually 

around 12 feet high and are designed with the intent of operating in active wave-rich 

waters with 8-to-10-ft average wave heights.  These units can produce as much as 10 kW 

of power.  Along with a smaller-scale design the team explores cost-effective alternatives 

which could potentially allow smaller buoys to produce less power in coasts averaging 2 

to 6 feet waves.  The project puts to the test basic laws of electromagnetism, such as 

Faradayôs Law of Induction and Ampereôs Law.  The project also explores the properties 

of neodymium magnets in order to convert the waveôs kinetic energy into useful current.  

Also known as a rare Earth magnet, the part is used as the driving core to one of the two 

main components of the buoy.  The other main component contains a copper solenoid 

used to generate electricity.  The undulating motion of the ocean waves generate the 

current in the copper wire and store it in an underwater central unit nearby (beyond the 

scope of this project). 
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1. Introduction  

1.1 Problem Statement  

 The harnessing of energy is one of the most critical challenges at the forefront of 

all of humanityôs concerns.  It affects societies in almost all aspects, including economic, 

social, political, military, and technological venues.  In recent years renewable energy has 

become a pressing matter for the latest generation of engineers and researchers.  They are 

confronted with the responsibility of designing environmentally safe products which 

require less conventional energy or that run on cleaner renewable fuel.  This teamôs 

senior design project is a commitment to further realize these efforts by researching and 

developing current ocean wave energy technology for the benefit to all humanity.  One of 

the goals is to achieve the development of small buoy units that are capable of harnessing 

energy from ocean waves specific to low-wave-height coastal areas such as Florida.   
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1.2 Motivation  

 Among other alternatives, there have been advancements promoting the use of 

solar, electrical, bio-fuel, and wind energy.  But in order to keep up with the demands of 

today more progress is needed.  Fossil fuels will not last indefinitely and it quickly 

becomes imperative that alternatives be developed to the point that they become viable 

and readily available for all people and societies to use.  The team considers harnessing 

and using ocean wave energy which can potentially, in the long run, alleviate the current 

dependence on conventional fuel. 
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1.3 Literature Survey  

 Traditional sources of energy have helped propel the worldôs economy and 

technology in insurmountable ways.  Some of the greatest advancements are not only due 

to fossil fuels, but also greatly depend on them.  There are also serious challenges and 

consequences associated with their use, such as pollution, ecological disasters, and 

addicting economic, political and social dependences.  Research and development is 

being made on fields related to the advancement of alternative fuel options.  These fields 

extend to solar, wind, electric, bio-fuel, and most recently, ocean energy technology. 

 

 

Figure 1 - Ocean Wave 

 The focus is to further develop and improve on ocean wave energy technology.  

Specifically, it is desired to create a more efficient design which allows the use water 

areas with low wave heights, such as Florida.  By harnessing the irregular oscillating and 

low-frequency energy that waves provide near- and off-shore establishments such as 

marinas are able to reduce the usage of more conventional fuels. 
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Figure 2 - Schematics of a Wave System [3] 

 

 Figure 2 shows the components that make up a standard ocean wave.  The design 

project depends mostly on the change of wave heights for a given frequency.  And the 

main challenge when making this consideration is how these waves affect and interact 

with the local environment.  In this case, there is the incorporation of unique features 

added which would allow an existing working design to become more efficient in 

harnessing less-powerful waves in states such as Florida.  The east coast of the United 

States is the weaker of the coasts when it comes to wave height and strengths, thus 

smaller and more energy-sensitive design alternatives are preferred.  Figure 3 provides a 

recent snapshot of the wave heights (in feet) for the United States coastline. 



 

 

6 | P a g e 

 

 

Figure 3 - U.S. Coastline Wave Heights, Dated 4/4/2011 [6] 

 The approaches used in the development of wave technology are float or pitching 

devices, oscillating water columns, and wave surge or focusing devices.  Additional 

considerations need to be made, such as how far off-shore should actual structures stand.  

The closer to land, the easier it becomes to maintain and service these devices.  While the 

further away these structures can provide a greater potential for energy collection.  Near-

shore devices are generally situated between 30 and 75 feet away from land. 

 A long-standing benefit of wave energy generation includes the ability to produce 

essentially free energy and requires no fuel to additional fuel to operate.  Additionally, 

the costs to maintain the buoy are on the low end.  Also, depending on the location, it can 
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be a major contributor of renewable energy.  There are also disadvantages which include 

the cost it takes to develop worthwhile technology.  The variable nature of wave 

frequency and height also make the energy-transfer rates unpredictable.  It can also 

disrupt or alter marine life in the vicinity.  Deciding how and where these structures will 

be most beneficial becomes a critical part of the decision-making process.  The cost for 

high-end industrial sized magnets can be exorbitantly high as well.   
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1.4 Existing Technology  

 In order to determine which approach to take the alternatives in design are 

analyzed and studied.  There are ultimately four designs which prove to be the most 

promising and enticing for a project of this scope.  One such design involves the use of a 

buoy, reel, and dynamo.  Its simplicity is appealing and gives ample room to expand on 

the concept.  Figure 4 illustrates a schematic detailing its process. 

 

Figure 4 - Concept Design of Buoy-Reel System [7] 

There has been success in developing working prototypes and models.  And the 

main concern when attempting to incorporate its design to a concept requiring 

optimization of wave movement is the reel limitations.  In order to have significant 

motion between the dynamo and reel the waves need to be well defined.  In other words, 

wave height becomes critically essential. 

 Another design alternative, initially developed in Oregon State University, 

primarily involves the use of Faradayôs Law of Induction.  The end design is large, bulky, 

and efficient in order to fully take advantage of the wave heights readily available in the 

western coast of the U.S.  Figure 5 shows a detailed schematic outlining this concept. 
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Figure 5 - Magnetic Induction Wave Energy Design [8] 

The functionality in this case is highly situational and would require radical adaptations 

in order to create an alternative more appropriate for the eastern coast. 

 A third design considered is created by the company SIE-CAT.  The idea behind 

the technology is to create a system of buoys configured in a linear fashion to compress 

air and eventually lead it to a main reservoir tank at the bottom.  Each buoy is attached to 

a cylinder and is used to pressurize the air that is being sucked in through the intake port 

in the beginning of the system.  With the help of the undulating behavior of waves, the 

buoy would rise to the crest of the wave, creating a partial vacuum in the cylinder.  The 

wave eventually lowers the buoy once it reaches the trough.  This is similar to the 

behavior of an internal combustion engine.  Each consecutive buoy, compressing the air 

ever so slightly, is further compressed by successive buoys.  The final pressure buildup in 

the reservoir tank could be used to power a turbine to generate electricity.  Figure 6 

shows a simplified representation on how the technology works.  This system interacts  in 
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a synchronized fashion since the timing of the waves is critical to the efficiency of the 

process. 

 

Figure 6 - SIECAT Compressed Air Energy Design [9] 

 A fourth design considered consists of waves being used to harness the kinetic 

energy to turn several impellers within the system. The open-type system consists of an 

open cylindrical buoy which has several impellers attached in series to a worm gear that 

drives a generator.  The water rushes through the open top of the system and the 

impellers rotate due to the kinetic energy.  The vertical distance between impellers allows 

the water to gain potential energy along the way and the lower impellers gain rotational 

motion.  The worm gear at the bottom of the cylinder acts as the driving mechanism that 

converts the vertical rotational motion attained by the impellers to the horizontal 

rotational motion that drives the generator. 
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2. Project Formulation  

2.1 Overview  

 The team remains focused in accomplishing the objectives set forth from the 

beginning of the project.  However, to remain realistic, these goals have and continue to 

be tweaked depending on the constraints that are encountered as activities progress.   

 

2.2 Project Objectives  

The original objectives of the project encompass the following: 

1. The buoy must be able to operate in coasts with low-intensity wave heights. 

2. The aim is to produce a constant supply of 100 W under normal weather. 

3. Attempt to generate power at an average of 12 V (supply to battery). 

4. In order to allow for easy deployment, the final design must be light weight. 

5. The final design should cost $2,000 or less to mass-produce. 

However, due mostly to financial and time constraints the power delivery objective 

has been further tweaked to allow for a more realistic design within the allotted time and 

budget.  The team continues to monitor these objectives to ensure that they can be 

realistically met.  There are other goals that remain high in the priority list, such as the 

size and design alternatives.  These considerations are discussed later. 
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2.3 Design Specifications  

 The project is classified into two sections; the originally intended design, which 

exceeds the amount of funds and time the team has available, and a more economically 

conservative design which can be constructed and tested within the amount of time 

prescribed, as well as built within the teamôs budget limit.  The intended prototype 

consists of two main components; the magnetic case, which houses the magnetic core and 

is anchored directly to the sea floor, and the solenoid case, which houses the copper 

solenoid and floats along the vertical axis.  In the original prototype design, the solenoid 

case also has an external float attached which allows it to ride the waves more efficiently.  

A light design is preferable and the team aims at keeping it under 100 lbs.  The buoy float 

is not to exceed 6 inches in diameter, while the total height is expected to remain within 6 

feet.  Since there are financial limitations the magnet originally considered, a 

cylindrically shaped 1 ft x 1 ft, is replaced by a more economically feasible alternative 

which is smaller in size, 4 in x 4 in. 

 Since the component containing the magnet is restricted in terms of space it must 

be independently buoyant.  As an economically feasible alternative, a schedule-40 4-inch 

pipe can be used as the magnet case.  However, this specific material is heavy and 

requires additional buoyancy support which in turn would require a slight extension in 

height from the original intent.  The solenoid case is of a very specific design which 

requires a custom mold to be created.  The cost of this mold would be exorbitantly high 

and beyond the budget restriction of the project.  Therefore, the team uses an alternative 

solution which can still allow for testing and analysis of the prototypeôs performance at 
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the expense of life and durability.  Due to space limitation, the copper solenoid is 

restricted to 1 ft in length and 5 inches in diameter and is double-layered to intensify the 

current output. 

 

2.4 Constraints and Other Considerations  

 In addition to the objectives set forth there are constraints that must be fully 

understood and considered when designing and constructing the prototype model.  The 

constraints include but are not limited to fluid passage between the solenoid and magnet 

covered cylinders, and maximum and minimum oscillations between the components of 

the buoy.  Also, the magnetic field strength must be strong enough to cause a changing 

field in order to induce current.  Other things to consider include buoyancy, tide changes, 

anchor depth, corrosion-resistant measures, and environmental and biological impacts on 

and due to the buoy.  As the project progresses these and other constraints are manifested 

and taken into consideration in order to allow for the most efficient design permissible. 
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3. Design Alternatives  

3.1 Overview  

The scope of this project allows for open-ended solutions that can serve to meet 

the original specifications set forth by the team in different ways.  As a consequence, 

there are many sound approaches that may be considered when tackling this problem.  

The most feasible and appealing of these solutions are discussed in this section.  Four 

alternatives are considered and evaluated individually and based on budget, time, 

methodology, analysis, ease of testing, construction and assembly. 

Since some work went into the analysis and development of a very preliminary 

team thought process it is worth noting its schematic before discussing the final four 

designs.  Additionally, this allows the reader to understand the initial foundation laid out 

by the team and how the analytical process evolved from there. 

This preliminary design focused on the development of a buoy with a magnetic 

shaft attached to the chassis by motion-sensitive springs at both ends allowing it to move 

vertically.  The desynchronized motion of the buoy would cause a magnetic field change 

creating a current within the solenoid.  The main problem encountered is that the spring 

would need to be integrated into a shock system with the inclusion of a damper.  Figure 7 

illustrates the basic components of what this specific design would look like.   
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Figure 7 - Preliminary Design Concept 

 In order to keep production costs down and the overall system efficient the team 

concentrates in keeping the design simple and with the primary electrical components 

outside the chassis.  Figure 8 shows a design concept more in line with what the team 

expects from the project.  The main difference is that the magnetic case remains fixed 

while the solenoid moves freely about the vertical axis.  There are still many variables 

that remain open-ended, such as the distance between the magnetic caseôs outer diameter 

and the solenoid caseôs inner diameter.  This variable, for example, plays an important 

role in the determination of the strength of the magnetic field produced near the copper 

wire.  Depending on how strong this magnetic field is will determine how much current, 

and subsequently power, can be generated. 

Ampereôs Law plays an important role when determining the amount of current 

that can be generated from a magnet-solenoid couple and it is highly dependent on 

distance between the magnet and solenoid.  This equation is written as 
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 ὄ  ‘
ὔὭ

ὰ
 (1) 

The magnetic flux, B, is a specific property generated by the magnetic material.  N is the 

number of turns produced by the wire, in this case, the copper solenoid, l is the length of 

the solenoid, and i is the amount of current produced.  The vacuum permeability, µ0, is a 

constant.  The teamôs primary goal is to be able to power a 12-volt battery to store the 

current generated by the buoy.  The wave force and subsequent calculations are based on 

an average wave height of 2-ft and frequency of 0.3 Hz, which is typical for the 

southeastern coastline of the United States.  Even though the original intent was to design 

a device capable of generating approximately 100 W of consistent power, the team 

realizes that this goal is highly ambitious, expensive, and heavily time-dependent, which 

make it difficult to achieve within the allotted time frame. 

 
Figure 8 - Consequent Design Concept 2 

 

 Another flexibility afforded by the nature of this project is selection of float 

diameter size, which can increase flexibility and efficient at the expense of materials and 

manufacturing cost and mobility.  Making the diameter too large may end up being 

counter-productive. 
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3.2 Design Alternative 1  

In terms of design alternatives, the following concepts were heavily considered 

when determining which thought process to pursue.  The model described in Figure 9 

outlines the desired characteristics that the team considers to be acceptable and capable of 

meeting the objectives previously set forth.  One challenge, however, is that the model 

requires the size of the magnet to be at least 1 foot in length.  A magnet of this size would 

need to be manufactured or created specifically for this job and the associated costs 

exceed the projectôs budget.  Additionally, the operation of such a magnet can be 

extremely dangerous and unsafe.  The cost for a component of this magnitude alone is 

approximately $2500. 

 

Figure 9 - Design Alternative 1 
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 Another obstacle presented by this concept is the mold required to fabricate the 

float and solenoid case as one part.  This component needs to contain a water-proof 

hollow cylinder that can house the copper solenoid and support the float.  Since no 

standard shapes exist that can satisfy the projectôs criteria additional costs are associated 

in the creation of a custom mold.  If the buoy were to be mass-produced using a quality 

mold, the creation process, including the design and fabrication of the mold, would add 

costs over $2,000. 

 

3.3 Design Alternative 2  

Due to the magnetic fieldôs exponential decay with respect to increasing distance, 

a different approach may be considered which involves the use of five smaller diameter-

sized magnets.  Figure 10 illustrates a geometric interpretation on how these small 

magnets are fit into a case.  The design seems like an interesting alternative to test and 

measure results with.  It also is more cost-efficient in terms of magnetic field use since 

the magnetic field, although smaller in size, is strongest at the edge and near the solenoid 

wire, while the center of the case has a lower strength magnetic field.  Since no field is 

required at the center of the case, this shift in strength towards the outside is actually 

beneficial to this design alternative. 
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Figure 10 - Design Alternative 2 

In addition to the mold problem presented from the first design alternative there 

are two additional challenges brought forth from this design; (1) the cost to acquire the 

correct magnets is still higher than the projected budget and (2) the positions of the 

magnets add complexity to the magnetic field which make it difficult to test and analyze.  

The case would also need to be designed to account for the forces interacting between the 

magnets.  Additionally, to maintain a certain level of safety it is desired that the magnet 

itself does not pose high risk to the team members. 
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3.4 Design Alternative 3  

 A third design alternative, illustrated in Figure 11, is considered to be the most 

feasible in terms of manufacturability and cost.  This model is designed based on the 

same principles as the first alternative.  However, the neodymium magnet fitted is 4 

inches in diameter and 4 inches in length.  The buoy is also smaller in diameter 

(approximately 3 feet).  Additionally, the solenoid has a closer fit to the magnetic case, 

allowing it to take better advantage of the magnetic field generated by the motion of the 

waves. 

 

Figure 11 - Design Alternative 3 

 This alternative design has been fitted with practical pipe end caps readily 

available in the market as well as black float stoppers that serve two purposes; restrict 
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vertical movement to the float and allow the magnetôs case to stand vertically.  As a 

consequence the design allows the float to remain in place while still permitting it to 

produce movement while deployed in the water. 

 

3.5 Feasibility Assessment 

In some form or other the models presented so far each add unique value and 

benefits to the overall success of the project.  However, they also present new obstacles 

and challenges that either exceed the scope of design or hinder the production of the 

prototype in terms of time and/or cost.  Ultimately, the third design alternative is chosen 

due to its overall appeal to the team, ability in satisfying the time and cost constraints, 

and keeping the design complexity manageable. The principal characteristics of this 

design are: 

¶ Medium-sized Components 

¶ Magnetic shaft and electric coil are able to move within a controlled distance 

¶ The design keeps an external float for greater stability 

¶ A neodymium magnetic disk and solenoid can be easily attached to allow 

desynchronized displacement between the two components 

¶ Electrical components are housed outside the buoy in a remote nearby location 

(outside the scope of this project) 

Additional design considerations are made as the project progresses.  For example, during 

heavy storms will the buoys be designed for easy removal or will they be built to 
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withstand hurricane-strength winds and waves?  How well do they react to impacts and 

crashes?  At what depths can they be anchored? 
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4. Proposed Design 

4.1 Overview  

 At this point it becomes necessary to clarify the direction the production of the 

prototype takes due to realistic limitations versus the direction it would have taken if time 

and cost were not critically-deciding factors.  Mass-producing a product facilitates, and in 

most cases, justifies the high cost of the development and design of molds.  In the case of 

this project, purchasing a mold at a high cost for the production of a single prototype does 

not justify its price.  However, it must be noted that if the teamôs product were put into 

high volume production the thought process would be different.  Therefore, from this 

point forward a distinction is made between the conceptual prototype, the prototype that 

would be designed with the intention of mass-production and high durability in mind, and 

the modified prototype, or the low-cost alternative designed to simply survive project 

testing and experimental analysis. 

 Both prototypes share similar qualities in terms of components and size.  

However, they differ mostly in areas where it becomes extremely expensive and difficult 

to manufacture parts.  The conceptual prototype is the ideology and thought process used 

in developing a quality product able to withstand long-term environmental hostilities of 

the ocean.  This prototype will not be constructed by the team.  Instead, its parts and 

functionalities are analyzed without experimental testing.  The modified prototype is built 

based on readily available alternatives which jeopardize the life and durability of the 
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buoy.   However, it allows the team to construct and test certain parameters critical to the 

success of the project.  This prototype is chosen as the prototype model to be constructed. 

 

4.2 Conceptual Prototype  

 The conceptual prototype requires that hermetical corrosion- and UV-resistant 

cases be constructed in order to accommodate the two most critical components; the 

magnet and the solenoid.  Since these components must be completely sealed and 

enclosed, the internal structure cannot come into contact with the seawater.  The hermetic 

seal also plays a crucial role in determining buoyancy behavior.  Scheulde-40 PVC is 

considered as the main material.  However, it requires that at least two hands of high-

quality fiberglass resin be applied in order to add the necessary protection in making it 

durable.  The design also requires that the body withstand buoyancy forces and cable 

tension (tethered to ground). 

The tension cable attached to the ocean floor is required to be made of non-

corrosive and non-ferrous material (to avoid interaction with the magnetic field).  This 

narrows the design possibilities to only a few readily available products.  For all intents 

and purposes, aluminum fills this niche well.  However, it must be noted that it is also 

desirable that anchors and chains contribute in weight in order to add additional tension 

support.  An anchor and chain must be able to maintain tension over extended periods of 

time in order to provide the buoy a maximum tension force necessary to counter the 

upward effects of the waves. 
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The primary components of the buoy are the solenoid, neodymium magnet, and 

the float.  The solenoid is designed approximately 1 ft in length and 5 inches in diameter.  

Two magnets are mated to form one magnet 4 inches in diameter and 4 inches in length. 

The industry field strength is rated in terms of N42/N52.  At the surface (2 inches from 

the center) the magnetic field strength is rated at approximately 2500 Gauss.  At 4 inches 

from the center the magnetic field rating is approximately 700 Gauss.  Magnetic field 

ratings are usually obtained empirically (through experimentation).  However, the 

mathematical model is based on the equation 

 ὄɇὨὃ π (2) 

 

where B is the magnetic field and s is a closed surface area. Using empirical methods the 

strengths are determined by extrapolation using the results from Figure 12. 

 

Figure 12 - Neodymium N42 Magnetic Field Strength at Surface Area 
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It should be noted that at the surface the magnetic field strength decreases with 

increasing length of the magnet while at say, 2 inches away from the magnet, the field 

actually increases with increasing length of the magnet.  Figure 13 shows the relationship 

between magnetic field strength and increasing magnet length 2 inches away from the 

surface of the 4-in diameter magnet. 

 

Figure 13 - 4ò Neodymium N42 Magnetic Field Strength 2-in Away from Surface  

 

For the conceptual design the float is approximately 2 feet in diameter and 

constructed from industrial insulation Styrofoam and nylon.  The finish is protected with 

fiberglass resin in order to increase its durability.  The case containing the magnetic core 

is anchored from the bottom to the sea floor and thus, remains relatively stationary.  The 

solenoid is attached to the float and as waves produce a difference in height relative to the 

core it is free to move in a vertical fashion.  The change in magnetic field relative to the 

solenoid is what causes a flow of current in the solenoid.  This current will then travel 
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outside the solenoid through a secured water-proof outlet and into a battery located 

nearby (outside the scope of this project).  Figure 14 shows an exploded view exposing 

the main components of the buoy system.  The picture also shows the magnetic shaft, 

copper solenoid, wire case, float (in blue and yellow), and stationary magnetic case. 

 

Figure 14 - Exploded View of Conceptual Prototype 

Figure 15 shows a schematic representation of the copper wire coil (solenoid).  It 

has a mean diameter of approximately 15 inches and length of approximately 1 foot. 
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Figure 15 - Solenoid (Copper Wire) 

The magnetic shaft is made of neodymium and is approximately 4 inches in 

length and 4 inches in diameter.  It weighs approximately 14 pounds and is expected to 

be the heavier and more costly of the components.  Figure 16 illustrates the size and 

shape of the magnetic core. 

 

Figure 16 - Neodymium Magnet Core 

The float is represented in Figure 17.  As previously stated, the diameter spans 

approximately 2 feet. 
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Figure 17 - Buoy Float 

The cases where the magnet and copper solenoid are housed are made of smooth, 

light-weight, durable plastics protected in fiberglass resin.  As mentioned earlier, a good 

candidate is Schedule-40 PVC.  Figure 18 and Figure 19  show the visual representations 

of what the magnet and solenoid cases, respectively, look like. 

 

Figure 18 - Magnet Case 

The copper solenoid case has hollow walls to allow the solenoid to fit through.  

For this specific model, the part is fabricated using a custom mold.  The technical 

drawings for the conceptual prototype can be found in Appendix B ï Engineering 

Drawings, page 112.  
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Figure 19 - Copper Solenoid Case 

 

Figure 20 illustrates a conceptual design of the end caps for the magnet case.   

The threaded surface allows for easy installation, removal, and maintenance when 

required.  The inside top end also requires an o-ring seal to prevent leaking. 

 

 

Figure 20 - Magnet Case End Cap 
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Buoyancy, static stress/strain, fatigue analysis, and other mechanical tests are 

conducted and reported in Chapter 6, Engineering and Design Analysis, page 38.  It is 

also worth noting that as the project advances new ideas, changes, and innovations are 

made accordingly in order to ensure that the buoy system benefits from greater efficiency 

in terms of quality and cost while remaining structurally sound. 

 

 

4.3 Modified Prototype  

 Design-wise, the modified prototype is very similar to the conceptual counterpart.  

Where they differ is in the types of materials used, process used, and certain parts change 

in order to allow ease of manufacturability and testing.  Additionally, the solenoid case 

float has been removed in exchange for 3.5ò-diameter Styrofoam strips.  The magnet case 

has also been fitted with smaller diameter Styrofoam strips in order to stabilize it in the 

vertical position.  Figure 21 shows a three-dimensional view of what this model 

resembles.  The prototype is designed based on this visual representation, as it will be 

shown later. 
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Figure 21 - Modified Prototype 

Figure 22 shows an exploded view of the same modified prototype. 
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Figure 22 - Exploded View of the Modified Prototype 

 The magnet case has also been increased from 4 feet to 5 feet to add a greater 

volume-to-mass ratio and thus, decrease the density, improving buoyancy.  As previously 

mentioned, this buoy is not expected to have prolonged life in the waters.  Instead, it is 

built to allow for easy testing and analyzing.  The construction of the modified version is 

economically more feasible than the conceptual alternative. 
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5. Project Management  

5.1 Overview  

 In order to facilitate the research and development of this project the team 

members are assigned different tasks in areas on which they are expected to excel and 

become subject matter experts.  In some cases areas are covered and overlapped by two 

or even all three members to expedite certain aspects of the project, such as the writing of 

this report and construction of the prototype.  Testing and analysis is also split between 

all members.  In terms of specific tasks, these are outlined and discussed in the following 

section. 

 

5.2 Project Breakdown  

 The senior design project has been broken down into sections depending on the 

type of work required to accomplish it.  These sections are 

¶ Problem Statement and Proposed Solution 

¶ Literature Survey 

¶ Definition of Project Objectives 

¶ Preliminary Analysis and Design 

¶ Selection of Design Alternatives 

¶ Advanced Analysis and Design 

¶ Construction of Prototype 
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¶ Testing and Evaluation 

¶ Final Report 

As the project advances tasks are constantly reviewed and revised in order to ensure 

accuracy and proper analysis. 

 

5.3 Project Organization  

In terms of organization a timeline has been developed in order to keep track of 

major breakthroughs, developments, and milestones achieved throughout the project.  

The team timeline is presented in Figure 23. 

 

Figure 23 - Senior Design Project Timeline 

9/2 10/12 11/21 12/31 2/9 3/21 4/30

**FALL 2010**
Design Considerations

Preliminary Design Report (10%)
Project Research
Proposed Design

Brief Description of Design Proposal
Team Presentation Rehearsal

Senior Design Report (25%)
Team Poster Design

Team Presentation Rehearsal
Printed Team Poster

Short Presentation to IAB
**SPRING 2011**

Analysis and Design
Senior Design Report (50%)

Prototype Construction
Senior Design Report (75%)

Testing and Evaluation
Senior Design Report (100%)

Presentation Rehearsals to Faculty
Final Presentation

Team Project Time Management

Days Completed

Days Remaining
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 The tasks have been broken down into two main sections; Fall 2010 (EML 4551 

Ethics and Design Project Organization) and Spring 2011 (EML 4905 Senior Design 

Project). 

 

5.4 Breakdown of Responsibilitie s 

 Based on the sections outlined under Project Breakdown (5.2), page 34, each team 

member is assigned tasks in order to efficiently complete all work necessary.  The 

Organizational Flow Chart in the following page illustrates a breakdown of these 

responsibilities per team member.  Please note that some aspects overlap and that all team 

members ultimately share the responsibility of ensuring that all tasks are completed. 
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6. Engineering Design and Analysis  

6.1 Overview  

 The following sections outline the studies performed before the construction and 

testing of the modified prototype.  These analyses encompass the relevant mechanical 

engineering theories that help drive the overall success of the project. 

 For all finite element tests a mesh size of approximately 0.5 inches is used.  

Figure 24 contains additional details and properties specific to the mesh size. 

 

Figure 24 - System Element Properties 
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6.2 Thermal Analysis  

 In terms of thermal properties PVC is a poor conductor of heat, and thus, the 

analysis and results are consistently monotonous.  The results for the magnet case and 

solenoid outer case temperature gradient resultant are shown below. 

 

Figure 25 - Magnet Case Temperature Gradient Distribution at 1 BTU/s 

 

 

Figure 26 - Solenoid Outer Case Temperature Gradient Distribution at 1 BTU/s 

 The deflection temperatures of schedule-40 PVC are illustrated on Table 1. 
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Table 1 - Deflection Temperatures of Sch 40 PVC 

Pressure (psi) 
Deflection 

Temperature (°F) 

66 167 

246 125 

  

 The average oceanic temperature near the coast in Miami Beach, Florida is 78 °F, 

with the yearly temperatures fluctuating between 71 and 86 °F.  Considering the heat 

factor alone, PVC is able to withstand these temperatures all year round, since the load on 

the buoy due to the buoyancy effect does not exceed 40 lbs.  These values do not take 

into consideration the tidal and rip current effects that add to the buoy load. 

6.3 Kinematic Analysis  

 The Ocean Wave Energy Generator requires vertical displacement, velocity, and 

subsequently, acceleration, in order to produce current according to Faradayôs Law of 

Induction 

 ‐  ὔ
ῳ 

ῳὸ
 (3) 

 

where Ů is the electro-magnetic force, or voltage, N is the number of turns of the solenoid, 

ū is the magnetic flux, and t is the time.  From this equation it can be easily verified that 

the voltage is directly proportional to the rate of change produced by the magnetic field 

relative to time.  In other words, the driving force behind the production of current is the 

undulating motion of the waves against the solenoid case. 
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 Since the magnetic field is perpendicular to the direction of current the only 

pertinent motional direction is along the y-axis (vertical direction).  Figure 27 illustrates 

the direction of motion from the wave and on the buoy. 

 

 

Figure 27 - Displacement and Velocity Direction 
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 According to the National Oceanic Atmospheric Administration (NOAA), waves 

in the eastern coast of Florida average 2 feet in height and frequent approximately 0.3 

Hertz.  The modified prototype is designed to allow it to cycle through approximately 2.5 

feet in height. 

6.4 Dynamic/Vibration Analysis  

 The four principal modular shapes due to vibration frequencies for the PVC 

components are calculated based on a maximum tension force of 50 lbs.  All detailed test 

results are generated and listed in order for the magnet case and solenoid (5-in and 6-in 

diameter pipes). 

For the magnet case (Schedule-40, 4-in diameter, 5-ft), the four modes of 

vibration frequencies are listed, respectively. 

 

Figure 28 - Magnet Case, Vibration Frequency, Mode 1 

 



 

 

43 | P a g e 

 

 
Figure 29 - Magnet Case, Vibration Frequency, Mode 2 

 

 

 

Figure 30 - Magnet Case, Vibration Frequency, Mode 3 
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Figure 31 - Magnet Case, Vibration Frequency, Mode 4 

 For the 5-inch-diameter solenoid case part, the vibration frequencies for all four 

modes are listed below. 

 

Figure 32 - Solenoid Inner Case, Vibration Frequency, Mode 1 
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Figure 33 - Solenoid Inner Case, Vibration Frequency, Mode 2 

 

Figure 34 - Solenoid Inner Case, Vibration Frequency, Mode 3 
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Figure 35 - Solenoid Inner Case, Vibration Frequency, Mode 4 

 

6.5 Electromagnetic Analysi s 

 The current produced in an environment such as the ocean and with the 

equipment being used is of the alternating type (AC).  This is important because in order 

to produce useful energy the buoy requires that the AC current is converted into DC with 

one of the many available market products.  Since the teamôs goal is to generate 

approximately 12 volts, the current quantity has not been set as one of the primary 

objectives. 

The calculations for the magnetic field analysis are handled using Ampereôs Law, 

equation (4): 

 ὄ  ‘
ὔὭ

ὰ
 (4) 
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Since testing magnetic fields require experimental analyses application software 

aids in determining the values of magnetic fields at different distances from a given 

magnet.  In this case a magnetic calculator is used provided by the manufacturer from 

where the magnet is purchased.  According to the manufacturer, imported magnets are 

rigorously tested to match the results posted from the software.  A magnetic field strength 

of 2743 Gauss is recorded at the surface for a magnet of grade N42 and dimensions 4ò 

(diameter) and 3ò (length). 

As shown in Figure 36, the magnetic strength decreases from 2743 Gauss to 613.3 

Gauss when the distance is increased from 0 (at the surface) to 2 inches from the surface 

(4 inches from the center of the magnet).  This is a significant decrease that would have a 

tremendous impact on results when designing a buoy that must allow for a medium 

(water) to flow through it. 

 

 

Figure 36 - Magnetic Strength 2 Inches from the Surface 
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 In contrast, Figure 37 shows the strength of the magnetic field at 1.5 inches away 

from its surface.  The magnetic flux at that point is still very strong, relatively speaking.  

The strength stands at 0.134 T.  This is actually very promising because at those values 

there may be significant production of current on a 4ò x 4ò magnet.  The dilemma that is 

presented, however, is that there will be little flow volume for the water to move.  This, 

in turn may end up causing a bottleneck, in-where the float may have a very difficult time 

passing by the magnetic shaft when the waves push it upwards.  A fluid mechanical 

analysis is needed in order to determine if this indeed poses a serious problem to the 

current design.  If that is the case then the team will need to reanalyze the entire design 

structure of the buoy system. 

 

 

Figure 37 - Magnetic Strength 1 Inch from the Surface 
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 The neodymium magnet used is considered a hybrid N42/N52 in strength since it 

contains both, a 4 x 3ò N42 and a 4 x 1ò N52.  The overall dimension of the combined 

magnet is 4 x 4ò.  Both magnets have a combined weight of approximately 14 lbs.  The 

properties for the magnet are listed in Appendix D, page 130. 

 Neodymium magnets are extremely vulnerable to collisions, impacts, and high 

temperatures.  They are brittle and can break easily.  Therefore, it is important for the 

team to handle the magnet with much care.  It is also critical that the magnets are handled 

with extreme care in order to avoid serious injury. 

 The project also heavily relies on Faradayôs Law of Induction, which is closely 

related to Ampereôs Law.  The equation is formulated as follows 

 ‐  ὔ
ῳ 

ῳὸ
 (5) 

 

As can be seen the voltage generation depends directly on the amount of turns the 

solenoid has and on the rate of change of the magnetic flux with respect to time.  That is 

why ocean waves, in this specific case, play such an important role.  The wave motion is 

able to create the changing magnetic flux with respect to a stationary object. 

 Also, when speaking of power generation it is important to understand Ohmôs 

Law, which states the relationship between power, voltage, current, and resistance.  Since 

the projectôs emphasis is mostly on the design and operation of a buoy system in terms of 

its mechanical properties, the team concentrates on the mechanical engineering 

characteristics while still keeping in mind the electrical aspects.  Ohmôs Law is 

formulated as follows 
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 ὠ  ὍὙ (6) 

In this case, V is the voltage, I is the current, and R is the resistance.  In terms of 

power, the equation correlating the above terms is 

 ὖ  ὠὍ (7) 

 

 In knowing the voltage and current of the system one is able to calculate the 

power by using equation (7).  Additionally, the force generated by an electromagnetic 

element can be found by using Ampereôs Force Law 

 Ὂ  
‘Ὅ

ς“ὶ
 (8) 

For equation (8), F is the force, ɛ0 is the vacuum permeability constant, and r is the radial 

distance from the magnet to the solenoid. 

 Knowing that the vacuum permeability constant is 

 ‘  σȢψσρπὠɇίȾὃɇὪ (9) 

and that the number of turns of the solenoid, N, is approximately 500 turns, the team is 

able to calculate how much voltage can be expected from the buoy.  The length of the 

solenoid is approximately 1 foot, and the magnetic field is approximately 1000 G.  Also 

knowing that 

 ρ Ὃὥόίί ωȢςωρπ
ὠɇί

Ὢὸ
 (10) 

the amount of current needed to generate the B-field per cycle is calculated using 

equation (1).  This value is 
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 Ὥ   
Ȣ ɇȾɇ

Ȣ ɇȾ ɇ
 47.0 A (11) 

Considering a reversal of this process, there is potential for harnessing current 

from a solenoid and magnet.  However, it should be noted that this value is also 

theoretical and the total current generated using the reverse process varies and depend on 

other factors.  There are many variables that need to be taken into account, including the 

frequency at which waves are able to output this current. 

A better and more accurate way of calculating the amount of voltage that can be 

generated is by using Faradayôs Law of Induction, equation (5).  By knowing the 

magnetic field strength from the solenoid to the magnet (0.009 V-s/ft
2
), the magnetic 

field area is approximated to 2 ft, the change in flux (magnetic field x area) per unit time 

= 0.024 V-s.  Using equation (5), yields V = 14.1 V.  This value is very promising, since 

it suggests the buoy is capable of generating over 14 V. 

 

6.6 Buoyancy Analysis  

 Ensuring that the system remains buoyant is critical to the success of the 

generator.  The main components, the magnet case and solenoid case, are analyzed and 

tested for buoyancy.  The equation for the buoyancy force is 

 Ὂ  ὡὩὭὫὬὸ έὪ ὈὭίὴὰὥὧὩὨ ὊὰόὭὨ „ Ὠὃ ”Ὣὠ (12) 

For equation (12) ɟ is the density of the submerged mass, g is the gravitational 

acceleration, and V is the volume displaced by the submerged mass.  This equation is also 

known as Archimedeôs Principle. 
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 As an example, in order to calculate the buoyancy of the magnetic case, the 

volume is determined.  This volume is found by using 

 ὠ  
“Ὀ

τ
ὒ  

“πȢσχυ

τ
υȢρχ πȢυχρ Ὢὸ (13) 

For equation (13) V is the volume, D is the diameter of the pipe, and L is the length of the 

pipe.  The gravitational acceleration constant is given as 

 Ὣ  σςȢς 
Ὢὸ

ί
 (14) 

Also, the mass of the submerged body is needed.  In this case this can be found by 

weighing the body and dividing the result by the gravitational constant 

 ά  
ὡ

Ὣ

ςφȢφ ὰὦί

σςȢς ὪὸȾί
πȢψςφ ὛὰόὫί (15) 

The density can now be found by using the relationship 

 ”   
ά

ὠ
 
πȢψςφ ὛὰόὫί

πȢυχρ Ὢὸ
ρȢττχ ίὰόὫίȾὪὸ (16) 

The density of seawater is 

 ”  ρȢωψψ ίὰόὫίȾὪὸ (17) 

When comparing this value to the density of the magnet case it is observed that the 

density of water is greater than that of the case.  Therefore, if fully submerged, the 

magnet case would float. 

 A similar analysis is conducted for the solenoid case.  The diameter is computed 

by subtracting 5.5 inches from 6.5 inches.  This is necessary since the solenoid caseôs 

volume does not include the center hole through which the magnet case slides.  

Otherwise, all equations are followed exactly as shown previously. 
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6.7 Force and Stress Analysis 

 In order to test the components on normal stresses the following equation is 

utilized 

 „  
Ὂ

ὃ
 (18) 

where ů is the stress, F is the normal force, and A is the area.  Additionally, in order to 

calculate the bending moment in a given specimen the Euler-Bernoulli Bending equation 

is used 

 „  
ὓὧ

Ὅ
 (19) 

where M is the bending moment, c is the perpendicular distance from the neutral axis of 

the beam, and I is the second moment of area.  Since there are no significant torsion 

stresses that can significantly impact the buoy, this portion of the analysis only 

concentrates in normal stresses. 

The main buoy component, the magnet case, is tested and built to withstand 1000 

pounds of buoyancy force.  Under these conditions it is able to withstand this force with a 

minimum safety factor of 18.  The results from this test are shown in Figure 38. 
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Figure 38 - Magnet Case Factor of Safety Results 

 The displacement results under this condition are displayed in Figure 39. 

 

Figure 39 - Magnet Case Displacement Results 

 The von Mises stress distribution for the magnetic case is illustrated in Figure 40. 
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Figure 40 - Magnet Case von Mises Stress Distribution Results 

 The same analysis is performed on the solenoid assembly.  The minimum factor 

of safety, stress distribution, and displacement are all simulated and calculated under a 

compressive 1000-lb-force condition analysis.  The factor of safety obtained is 39.  This 

result is illustrated in Figure 41. 
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Figure 41 - Solenoid Assembly Case Factor of Safety Results 

 The displacement results are listed in Figure 42. 

 

Figure 42 - Magnet Case Displacement Results 

Finally, the solenoid assembly case von Mises stress results are listed in Figure 

43. 
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Figure 43 - Solenoid Assembly Case von Mises Stress Distribution Results 

 

6.8 Fluid Mechanics Analysis  

In order to determine an appropriate distance between the solenoid and magnetic 

cases it is necessary to study the fluid characteristics of the system.  This is extremely 

important since the magnetic field decreases as a function of exponential decay with 

increasing distance.  However, making a tight fit between the two will limit the velocity 

of the fluid through the float opening, thus, restricting the movement of the float.  If the 

float is unable to properly move in sequence with the waves its efficiency can be 

significantly reduced as well.  The viscosity of the fluid, in this case sea water is studied 

according to the equation 

 †  ‘
Ὠὺ

Ὠώ
 (20) 
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where Ű is the shear stress or drag exerted by the fluid on the walls of the buoy, ɛ is the 

fluid viscosity.  For seawater this value is 1.88 x 10
-3

 Pa·s (2.73 x 10
-4

 psi·s).  Also, dv/dy 

is the velocity gradient perpendicular to the direction of the shear stress.  The team is able 

to perform preliminary analyses on the fluid mechanics of the buoy system.  It is initially 

determined that a one-to-two inch radial gap between the magnetic and solenoid cover 

may actually be a decent compromise between float velocity and magnetic field strength.  

If this value proves to be insufficient then the gap will need to be increased at the cost of 

field strength. 

 

6.9 Fatigue Analysis  

 The fatigue analysis is calculated using the results from SolidWorks.  Both pipes, 

the solenoid and magnet cases, are evaluated.  The fatigue test for the magnet case is 

performed using a pressure of 10 psi and restrained at the bottom end, since the anchor 

chord is attached at this location.  The results for the magnetic case are listed in Figure 

44. 
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Figure 44 - Fatigue Analysis of Magnet Case 

 The assembled solenoid case is tested using a pressure value of 100 psi from the 

bottom end and restrained at the top end.  This model is selected because the solenoid 

case crashes against the top end cap when the waves push from the bottom upward.  The 

fatigue results are shown in Figure 45. 
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Figure 45 - Fatigue Analysis of Assembled Solenoid Case 

 

6.10 Coastal Data 

 The project heavily relies on historical coastal data collected by the National 

Oceanic and Atmospheric Administration (NOAA).  This information has been provided 

courtesy of Florida International Universityôs own International Hurricane Research 

Center.  On average, the wave heights in the state of Florida are about 2 to 4 feet in 

height.  This information is critical in order to determine the maximum efficiency that the 

buoy design can attain.  The following two figures show snapshots from different days in 

terms of the wave heights predominant in the coasts of Florida.  
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Figure 46 - Coast of Florida - Wave Heights ï April 

10, 2011 [6] 

 

 

Figure 47 - Coast of Florida - Wave Heights ï April 

14, 2011 [6] 

 

 

 The wave frequency also plays an important role when determining the overall 

efficiency of the buoy.  This frequency has been determined to be an average of 0.3 Hertz 

for the eastern coast near Miami and Fort Lauderdale.  The data collection allows the 

team to concentrate in actual mechanics of the system rather than data research on coastal 

trends.  The available history is used to facilitate these calculations.  
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7. Prototype Construction  

7.1 Overview  

 Since the conceptual model proves to be a challenge to build in terms of cost 

effectiveness the team presses ahead in the construction of the more cost-conservative 

alternative, the modified prototype (see Figure 21).  Although this model is not expected 

to survive long in a seawater environment it does facilitate testing and analysis.  It must 

also be noted that even though the buoy itself is approximately 5 feet in length, the model 

is considered small since the magnet is only 4 inches in diameter and 4 inches in length.  

The magnet is the limiting factor in terms of energy production. 

 

7.2 Preliminary Results  

 Initially the team tests magnetic field strengths experimentally by using three 1ò x 

1ò (1 inch diameter, 1 inch length) N52 magnets and a 1.5ò diameter solenoid with 

approximately 7ò in length.  The tests simulate undulating motion at approximately 2 Hz. 

This preliminary small-size model is used to test, extrapolate, and scale results to the 

intended prototype design and size.  As the results indicate, the data is weak in terms of 

voltage and current generation.  However, this is attributed to the smaller size of the 

magnets and wires.  By tweaking the design and using larger and more powerful magnets 

the team is confident that a larger size prototype can be expected to output a noticeable 

amount of voltage. 
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Figure 48 shows two solenoids of different diameters built in order to perform 

preliminary experiments before the actual construction of the final design. 

 

Figure 48 - 7-in Test Solenoid and Multi-meter 

 Figure 49 shows the three 1ò x 1ò N52 magnets used to perform the tests.  In 

terms of strength the magnets are quite powerful, although their magnetic field strengths 

decay rather rapidly with distance. 

 

Figure 49 - Three 1-in x 1-in N42-Grade Magnets 
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 Figure 50 shows a 3.5-in diameter solenoid built on a 2-ft pipe in order to test and 

analyze pipe length relation with solenoid length. 

 

Figure 50 - 7-in, 2-ft Long Test Solenoid 

 Table 2 shows the results from the first tested solenoid.  This solenoid has a 3.5-in 

diameter wrapped to a 1-ft pipe.  The solenoid was tested using a frequency of 

approximately 2 Hz.  The average current generated is 30.8 mA and average voltage is 

0.033 V.  As previously stated, the results were lower than anticipated. 

  



 

 

65 | P a g e 

 

Table 2 - 3.5-in Solenoid, 1-ft Pipe, 1.25-in Diameter, 2 Hz 

3.5-in Solenoid, 1-ft Pipe, 1.25-in 
Diameter, 2 Hz 

  Current (mA) Voltage (V) 

1 23 0.072 

2 29 0.011 

3 41 0.012 

4 34 0.013 

5 25 0.031 

6 29 0.052 

7 22 0.051 

8 37 0.024 

9 23 0.05 

10 45 0.011 

Average 30.8 0.033 

 ̀ 8.1 0.022 

 

 For the second run the pipe is increased from 1 foot to 2 feet in order to test and 

compare pipe length to solenoid length.  The results actually show a minute improvement 

in terms of voltage and current gain.  There is a 28.6% increase in voltage and a 45.5% 

increase in current.  The results of this analysis are shown in Table 3. 
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Table 3 - 3.5-in Solenoid, 2-ft Pipe, 1.25-in Diameter, 2 Hz 

3.5-in Solenoid, 2-ft Pipe, 1.25-in 
Diameter, 2 Hz 

  Current (mA) Voltage (V) 

1 26 0.08 

2 38 0.016 

3 54 0.019 

4 33 0.013 

5 28 0.027 

6 32 0.066 

7 18 0.053 

8 29 0.014 

9 55 0.029 

10 83 0.167 

Average 39.6 0.048 

 ̀ 19.2 0.048 

 

 Table 4 shows the results obtained with a 7-in solenoid on a 1-foot pipe.  As with 

the previous results the numbers show an increase in both, voltage and current.  The 

voltage increases by approximately 1.77% while the current shows an increase of 

approximately 4.2%. 
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Table 4 - 7-in Solenoid, 1-ft Pipe, 1.25-in Diameter, 2 Hz 

7-in Solenoid, 1-ft Pipe, 1.25-in Diameter, 
2 Hz 

  Current (mA) Voltage (V) 

1 21 0.08 

2 45 0.022 

3 41 0.025 

4 43 0.019 

5 47 0.034 

6 35 0.051 

7 26 0.122 

8 31 0.054 

9 45 0.067 

10 69 0.029 

Average 40.3 0.050 

 ̀ 13.4 0.032 

 

 The next test evaluates the same 7-in solenoid from the previous example with a 

2-ft pipe.  In this case, however, there were no significant gains in terms of voltage and 

current at the same frequency.  The percent changes are -1.48% and -8.0% for voltage 

and current, respectively.  Results are shown in Table 5. 
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Table 5 - 7-in Solenoid, 2-ft Pipe, 1.25-in Diameter, 2 Hz 

7-in Solenoid, 2-ft Pipe, 1.25-in Diameter, 
2 Hz 

  Current (mA) Voltage (V) 

1 43 0.011 

2 41 0.021 

3 40 0.035 

4 28 0.025 

5 37 0.1 

6 38 0.014 

7 49 0.013 

8 44 0.125 

9 22 0.112 

10 55 0.004 

Average 39.7 0.046 

 ̀ 9.5 0.047 

   

 The overall results, although lower than expected, still show promise.  With a 

larger magnet and solenoid couple, the team is confident it can generate a constant output 

of 2 to 10 volts.  However, since the frequency of ocean waves is approximately 0.3 Hz, 

the power output is expected to be less. 

 

7.3 Prototype Design  

 Once preliminary tests are complete the team begins the process of construction 

and manufacturing by gathering the necessary components needed to build the model.  

The components are either purchased or obtained from different stores, which included 
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online stores.  For example, the neodymium magnets were picked up from two different 

online stores.  These magnets were then bonded together to form an equivalent 4ò x 4ò 

hybrid N42/N52 magnet. 

 It should be noted that although some construction processes were outsourced and 

contracted to manufacturing stores the team performed most of the machining and 

assembly.  Additionally, some processes used, such as epoxy-bonding, do not guarantee a 

long life expectancy for the buoy.  In order to ensure the safety of all team members, it 

was agreed early on to use a smaller scale model. 
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7.4 Parts List and Cost 

 The parts and cost per part are listed in Table 6. 

Table 6 - Modified Prototype Construction Price List 

Price List Unit Price Quantity Total 

N52 4x1 Magnet $480.00  1 $480.00  

N42 4x3 Magnet $366.00  1 $366.00  

4" Schedule 40 Pipe (5 ft) $7.98  1 $7.98  

5" Schedule 40 Pipe (1 ft) $13.20  1 $13.20  

6" Foam Core Pipe (1 ft) $8.55  1 $8.55  

PVC Cement $9.15  1 $9.15  

20-Gage Copper Wire (600 ft) $29.95  1 $29.95  

4" End Caps $7.35  2 $14.70  

4' x 1' Gray PVC Slab (Solenoid Rings) $32.00  1 $32.00  

4" High RPM Grinding Disk $5.27  2 $10.54  

1' High RPM Grind Extension $9.96  1 $9.96  

Sand Paper $4.95  1 $4.95  

Styrofoam Insulation Spray Can $3.96  5 $19.80  

Styrofoam Float $3.88  5 $19.40  

5200 Marine Sealant $8.97  1 $8.97  

Machine and Construction $550.00  1 $550.00  

Total     $1,585.15  

 

This list does not include team man hours, replaced and damaged parts, wasted 

material, and equipment that may have been previously available (power drill, saw, etc).  

Additional price and company information may be found in Appendix A, page 103. 
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7.5 Construction  

 The manufacturing process in developing the prototype involved different 

procedures for the different components.  Some parts are sent to the manufacturing lab 

and others are handled strictly by the team.  The solenoid is fabricated first, since it is the 

inner-most part that requires to be completed before the solenoid case can be sent to the 

manufacturing lab to be machined and sealed. 

 The solenoid is built at FIUôs own machine shop.  The 5-inch ID pipe is set up in 

the lathe and slowly turned while a team member tightly lines up the copper wiring until 

one foot is covered.  A second coat of wiring is applied by returning the wire in the 

opposite direction.  Figure 51 illustrates how this process is completed. 

 

 
Figure 51 - Creation of the Solenoid 
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 To keep the copper wiring in place, the lined up wires are covered with tape.   It is 

easier to work with the solenoid once the part that has been worked on is secured.  Figure 

52 shows how this process was followed.  The ends need to be free from wire since the 

solenoid case end rings will be fit snug between the 5-inch and 6-inch pipes. 

 
Figure 52 - Securing the lined up Solenoid Wires with Tape 

Once the solenoid is complete, the team can cover the 5-inch ID pipe with the 6-

inch ID pipe and send it to the contracted manufacturing lab in order to have the ring lids 

manufactured from PVC slabs.  The solenoid case also requires that the small hole is 

created in order to have the two sides of wires pulled through it.  The hole must then be 

secured against leakage. 

Figure 53 shows the PVC rings created at the manufacturing lab to secure both 1-

ft pipes together.  The hole through which the wires are accessed is also seen.  Figure 54 

shows the solenoid in a different profile. 
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Once the solenoid rings were manufactured and glued to the case, 5200 Marine 

Sealant is used to seal the hole from which the wires are drawn.  This ensures that the 

solenoid is leak and water proof. 

 

Figure 53 - Completed Solenoid Case (1) 

Figure 55 shows the solenoid with the marine resin already applied and drying. 
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Figure 54 - Completed Solenoid Case (2) 

Since the resin takes up to 2 days to cure and completely dry, the solenoid is left 

at the shop until it is ready to be picked up. 

In the mean time, the magnets are prepared to be unified.  This is a dangerous 

process, since the magnetic force increases exponentially with decreasing distance 

between them.  A team member can be seriously hurt if the magnets are not handled with 

care. 
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Figure 55 - Marine Sealant is Applied to the Wiring Hole 

 Figure 56 shows the two magnets coupled together to form a 4 x 4ò neodymium 

magnet cylinder.  The inner joints in the same figure were purchased but never used, 

since the 4-inch diameter in the PVC pipe was filed using a power disk fitted to the 

power drill. 
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Figure 56 - Neodymium Magnet Core 

 

 Once both magnets are coupled together, the 4-inch pipe inner diameter is 

prepared to be bored.  The reason for this is that when the magnets arrived and it was 

attempted to fit them inside the pipe, the pipe walls were too small and did not allow for 

even a snug fit.  The inner diameter walls needed to be ground approximately 1 to 2 

millimeters.  Schedule 40 PVC pipes are very rigid and difficult to reshape.  Figure 57 

shows the tools used in order to grind the inner walls of the 4-inch pipe. 

 

 

 














































































































