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Abstract
This study focuses on the comparison of pile and float designs of a Permanent Magnet Linear Generator (PMLG). Wave power is approximately fifteen years behind other renewable energy sources. Renewable energy is a subject that leads to great potential for maintaining a healthy environment for future generations. The Earth is 70.8% water, 97% of which is in our oceans. If wave power becomes successful within the coming years, the issue with depleting natural resources would not be as demanding of a concern. The pile and float designs may generate different amounts of electricity; this experiment shows the variation of voltage output. By building a miniature prototype design with the same components, the results will show the variation of the designs' efficiency. The comparison of the two designs will be tested by providing a mock-ocean scenario, where a constant wave motion will cause the two different designs to produce different amounts of energy which will be monitered on LoggerPro™ equipment. After three trials the results showed that the float design produced more energy than the pile design. 

Introduction
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In a world where 70% of the planet is covered by water and with global warming presenting a luminous problem, renewable energy sources are needed. “Wave power has a promise…” as Dr. Annette von Jouanne puts it in her article, “The Promise of Wave Power.” Unlike dams, wave buoys do not impede on the life of the marine animals. Waves will be a constant source of power unlike wind power. Especially with the rise in sea level from the melting polar ice-caps, waves will be an ever increasing source of power.  This study will focus on Permanent Magnet Generator Buoys (shown in figure 1 
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As explained in the picture, as the waves oscillate, the buoy will move up and the magnet will move down, compress the coil, and changes the motion into electricity. The magnets shown are connected to a threaded rod. The north ends of the magnets are facing each other and the south ends are facing each other. This forms a super magnet with a super magnetic field. The magnetic field is a crucial part in converting the movement into electricity that can be utilized to power light bulbs. Producing electricity by using magnets is called magnetic induction. Magnetic induction happens when there is a change in the magnetic flux. When there is a change in the magnetic flux a electrical current is presented. Magnetic induction is the one of the ways of harnessing the energy of the sea to fit the needs of humans.

Wave Power is better than solar power, especially in the Northwest because the ocean is near by and the waves are effective yearlong. Solar power in Oregon is ineffective because there are limited amounts of days that solar power can be at its maximum efficiency. With relatively short summers and long winters and being close to the costal areas presents a greater opportunity for the utilization of wave power, especially when the waves off the Oregon coast present top notch conditions for wave power. The temperatures of the Oregon and Washington Coasts are not ideal recreational temperatures, so that leaves fewer disturbances to people. Another plus is that because the buoys are 1-2 miles away from shore, they are not visible from land, unlike wind power, dams, and industrial power plants. 
The Pelamis is a type of wave power machine that uses the wave motion to move the hydraulics in a hydraulic engine. The designers use the engine to produce electricity. However, the Pelamis was designed to be durable and to survive the sea storms and not made to be the most efficient. If someone could design a highly efficient Pelamis that is also durable, that would be ideal. The problem is finding an efficient wave power design that can also survive the storm. 


The pile design is constructed by attaching the stack of magnets to a tier like object. The magnets extend out of the water. The PVC pipe fits over the magnets and allows the waves to make the buoy oscillate. The movement creates a change in the magnetic flux and the magnetic wire coils, thus producing electricity. 

The float design is like the pile design with a few changes. The magnet stack is connected to the buoy by a spring at the top and tethered to the floor on the bottom. Since the magnet stack is connected to the buoy, it floats. When the waves pass, the buoy rises, but because there is a spring connecting the magnets to the buoy there remains a lag time between the waves and the current output. The lag time, however, helps the out put to be more constant because either the magnets or the buoy, with the coils, are moving. 
Hypothesis 

Through our research we believe that the pile design of the Permanent Magnet Linear Generators will be the most efficient.

Methods
This project entails making two Permanent Magnet Generator Buoys and testing the voltage output. Using 1” PVC pipe that is 10” long, wire is wound around the pipe. Two wires will exit the buoys, one from the top of the stack and the other from the bottom. The 3/8 inch neodymium disc magnets will be stacked in pairs on a stainless steel rod with similar sides facing each other, causing them to repel. In between pair, four bolts that are one half inch, the width of the two magnets, are attached to keep the magnets in place. 
In the buoy float design, the magnet stack is attached to a balloon, with a k constant of 24.9 kg*m, so that the stack of magnets can move with some tension between the magnetic fluxes produced by the stack. Attached to the bottom of the magnet stack is a tether with a weight to help the float stay upright. 
The swimming pool is filled with water and waves will be created by using a lane line. The two wave generator designs were tested at the same time, thus eliminating any error between trials. The two prototypes were connected to the Logger Pro™ equipment and utilized the voltage probes to measure and graph the voltage output. The data was taken for 15-second periods and four trials were done all together. 

List of Materials
PVC pipe 2.5" wide 4" long
PVC pipe 1” wide 4” long

Magnet Wire
Red Light Emitting Diodes
3/8" neodymium disc magnets 
Stainless Steel Threaded Rod 
Alternating magnet
Washer of same dimensions
Logger Pro™ and Voltage Probes
Ruler

Data Collection
Wave Mathematical Equations

Wave Length



Vertical Velocity
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L = wave period (time)
g = gravity

T = pool depth

w = vertical velocity

H = wave height
z = distance from the bottom of the pool to the water

The data was collected on February 12, at the Osborn Aquatic Center in the outside pool.
Results
The graph shows that the voltage of the Float Design is much higher than the average of the Pile Design. They both increase in voltage as time goes on as the trend line shows. 
Discussion
From the results of this study, the float design of the Permanent Magnet Linear Generators proved to generate the most electricity. The starting voltage of the Float design is close to six volts, while the starting voltage for the pile design is 0.33 volts. From the beginning the data showed that the pile design produced less electricity, thus our hypothesis was inaccurate. One reason why our hypothesis is incorrect is that we did not take into account the movement of the spring. The waves are constantly passing by, this makes it so the spring is constantly getting compressed or decompressed. The constant movement of the spring makes more magnetic induction. The faster the magnets move through the coils, the more electricity is produced.

Another reason that our hypothesis is inaccurate could be due to the fact that sideways motion affects the float design more than pile design. This is because the pile design nearly eliminates the affect of sideways motion. The sideways motion might play a role in the increase of voltage output. It is unclear whether the sideways motion necessarily helped the float design, but it certainly affected it.  

This study can be improved by taking more samples to eliminate any error. Another way to improve upon this study is to make sure the area between the PVC pipe and the buoy are completely sealed. If they are not sealed then water can get into the magnet chamber, thus adding another variable to the equation. In this experiment, we found the float design to be more efficient. However, other types of devices may be as capable. More tests on the different types of devices can single out the most resourceful. 
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