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Inverter $ 310.00
Battery $ 289.00
Charge Controllers (x3) $ 280.40
Microcontroller Board Parts/Prototyping/Spares | $ 175.39
Current Sensors for Microcontroller $ 103.77
Microcontroller Kit/Display $ 84.98
PCBs from ExpressPCB $ 65.75
Box Assembly (Wheels, Wood, Hinges) $ 47.00
Screws, Paint, Nails, Switches $ 30.00
Distribution Blocks $ 27.90
Wires $ 15.00
Exhaust Fan (and related Parts) $ 14.00
Circuit Breakers $ 9.00
Buzzer $ 5.00
Total| $ 1,457.19

Budget $1,000
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1  Executive Summary

The Green Box was a system intended to make green energy practical for the average home.  The purpose of this system was to allow for the easy connection of up to 3 types of energy producing devices that included wind, solar, human power or any other type of “Green” input, in any configuration.  The system could also store any power generated and provide interfaces to the consumer that allowed for easy practical use of the power.  Since the main purpose of The Green Box was to bring a small scale green energy solution to the general consumer, the box provided user friendly interfaces that were familiar to the public for connecting power generating devices and for extracting power that had been stored.

In order to achieve the desired functionality, several major components were integrated into the final system.  First, compact power generation devices were researched and implemented such that they produce practical amounts of energy, and were easy to use requiring no specialized knowledge.  These included a solar cell array, a wind turbine, and a mechanism for harnessing human power.  A power storage subsystem was also  designed and implemented that provided an efficient means of transferring the power generated into a stored and ready to use form available for consumer use.  This included a charging system capable of handling the simultaneous connection of 3 input devices, as well as the most efficient battery given the typical anticipated usage patterns of The Green Box.  Components were also designed and implemented that converted the stored energy into the familiar AC and DC sources that the end consumer would prefer.  Diagnostic components were also designed and implemented which provided the consumer with a user friendly way to know how much power they were generating, how much had been stored, and other similar information.  All of this was done while still employing all of the best electrical and other safety principles, given that this system was intended for the average consumer.

This project took place over two consecutive semesters.  The goals of the first semester included researching, designing, and beginning to acquire the components required.  The goals of the second semester were the production and testing of a prototype system that demonstrated all of the objectives stated in this document.

The team for this project consisted of three Electrical Engineering majors, and one Computer Engineering major.  The combined expertise of these team members was relied upon exclusively to carry out this project, given that the project will not be sponsored by any entity outside of the project team.

2  Definition

Motivation

The Green Box was a compact energy storage system designed to make the various types of green energy devices more practical for home use.  Lately, the public has become more aware and accepting of these alternative forms of energy generation such as wind power, solar, and even harnessing human power.  However, it stands to reason that one of the factors that causes consumers to hesitate to add these types of devices to their home is the cost associated with paying top dollar for the skilled labor and knowledge required to make practical use of the devices.  For example, many consumers understand what solar panels are and are skilled enough to mount one or many on their house, but lack the expertise to make the necessary infrastructure changes to their house to make any practical use of the generated power.

The Green Box aimed to make integration of green energy into the home as simple as possible.  Consumers will now be able to connect green power generating devices using familiar plug-and-socket connections.  Up to three different types of devices(wind, solar, and human power), can be connected to the Green Box at one time.  The consumer may take advantage of locally favorable conditions to easily connect the most efficient devices for their area.  For example, a consumer in Florida may wish to plug in 3 solar panel arrays, while a consumer in Alaska would prefer to plug in 3 wind turbines.  The Green Box aimed to be an all-in-one solution to allow consumers to harness one of the most untapped energy resources in the world today.

The Green Box also aimed to make green energy more user friendly by making small scale green energy systems useful for the average consumer.  Very few consumers have the financial resources to power their entire home from these alternative forms of energy, but most would find it beneficial to make use of smaller amounts of energy.  The potential uses are endless, but include powering small appliances during power outages to charging battery operated devices for everyday use.  One application that was very obvious to all residents here in central Florida, was how helpful The Green Box would be during a hurricane.

The Green Box stored the green energy that was generated, and made it easily available to consumers in the form of familiar DC and AC outlets, thus overcoming some of the fear of the unknown that may be hampering many consumers.

There were a couple of obvious concerns that arose while considering the idea of The Green Box.  The first concern, of course, was safety.  Since The Green Box was  designed with the average consumer in mind, certain steps had to be taken to attempt to minimize any potential hazards whether they were electrical or mechanical, such as a spinning turbine blade.  A second concern was how much power could actually be generated:  Could enough power actually be generated to make this a viable system?  We, of course, thought the answer was “Yes”, and were motivated by the challenge to prove that such a system is viable.

Goals and Objectives

Since the main idea of The Green Box was to bring small scale green energy production to the average home, many of the associated goals and objectives were geared toward this overriding theme.  What follows is a discussion of the primary goals and objectives that we hoped to achieve for each of the main subsystems, as well as a brief discussion of some of the goals for the complete system.  An example of goal for the complete system would be something like stating that system will be “small sized,” or have “high efficiency.”

Input 1:  Solar Power

The Green Box system needed to include a solar panel so that in parts of the world where it was ideal to do so, users could have solar energy recharge the battery of The Green Box.  It was desired for the solar panel to be inexpensive.  Cost depended on power output and was considered at all times since producing our own solar panel to save money was not a practical option.  Solar panels produce a DC current, so no signal conditioning was needed to prepare this power for storage.  Another goal was to have the solar panel attain maximum efficiency from a size vs. wattage standpoint.  Since consumers may have wished to selectively deploy the solar panel at various times, it was understood that the panel could not be prohibitively large or difficult to handle.  This would, of course, limit the wattage that could be achieved but a more important factor was the ease of use rather than the power output.  For the same reason, the solar panel could not be extremely heavy.  The solar panel also needed to have a long cable on it, so that the panel could be placed on the roof of the home while the box it plugged into was in another location, like a garage for example.  The cable needed to have a connector on it for quick connection to and disconnection from The Green Box.  The connector on the cable was a female connector to reduce the risk of electric shock.

Input 2: Wind Power

The Green Box system also needed to include a wind turbine so that in areas (and times) where it was more advantageous to do so, users could have wind energy recharge the battery of The Green Box.  As with the solar panel, cost depended directly on power output and was considered at all times.  Wind turbines produce AC current, but some come with rectifiers included so that a DC current can be achieved.  It was a goal to procure a wind turbine that already provided DC current, so that the wind turbine could be plugged into the same input port as the solar panel and the human power mechanism.  This was necessary to allow the consumer to use multiple wind turbines to recharge the battery of The Green Box.  It was known that the wind turbine should not be too large or heavy, and should have a guard on it to protect the users from injury due to spinning blades.  The wind turbine also needed to have a long cable on it, so that the turbine could be placed on the roof of the home or on a pole while the box it plugged into was in another location.  The cable needed to have a connector on it for quick connection to and disconnection from The Green Box.  The connector on the cable was a female connector to reduce the risk of electric shock.

Input 3: Human Power

The Green Box system also included a human powered mechanism for charging the battery of The Green Box.  This could be used as part of an exercise routine, or during an extreme power outage event when the user needs to charge a phone or similar electronic device.  Our goal was to make this a foot-powered system which would be easy for users, while also producing the most power.  The device was small and portable, knowing that it would be used indoors and the user would not want it to take a lot of space in the house when it was not in use.  The human power mechanism included a DC generator so that it could be plugged into the same input port as the solar panel and the wind turbine.  The DC generator also needed to have a long cable on it, so that the pedaling could take place in one location while the box it plugged into was in another location.  The cable needed to have a connector on it for quick connection to and disconnection from The Green Box.  The connector on the cable was a female connector to reduce the risk of electric shock.

Output 1: DC Power

The Green Box system provided a DC power outlet so that the user was presented with a familiar interface.  This outlet was of a “cigarette lighter” style in order to provide compatibility with the most common devices, and was protected with a fuse.  The outlet was easily visible and clearly labeled on the front face of The Green Box.

Output 2: AC Power

The Green Box system also provided a duplex AC power outlet so that the user was presented with a familiar interface.  This required an inverter which supported any inductive load and also had a rating of 1000 watts.  A pure sine wave inverter was chosen to attain these desired goals.

Simultaneous Operation

The Green Box was designed to provide the utmost flexibility when it came to operational scenarios.  On the input side, any or all of the 3 input sources may have been in use at any given time.  The Green Box took care of making sure that each was contributing to the charge function.  The 3 inputs were also easily interchangeable.  For example, the solar panel could have been plugged into Port #1, Port #2, or Port #3.  Also, more than one solar panel could have been used.  The Green Box system could handle whatever input combination that was given to it.  These inputs were current limited to provide electrical safety.

The same simultaneous operation principle applied to the output side.  For example, the user could plug in both an AC and a DC device at the same time.  Also, The Green Box system allowed for use of the outputs while the system was charging.

Efficiency

It was the goal of The Green Box project team to make the system as efficient as possible.  Small amounts of power were being generated to begin with, so extra steps had to be taken in the design to conserve it.  Any area in which power loss was observed was eliminated. 

Another factor in the efficiency of the system was the display to the user.  The user was always aware when the system was fully charged so that they were able to take advantage of that stored power.  It would not have been very efficient or healthy for the system to keep charging a full battery when the user didn’t realize that he or she could have used the power sooner.

Ease and Intuitiveness of Use

Ease and intuitiveness of use was another goal of The Green Box system.  Great care was taken to insure that the average consumer was presented with familiar outlets, easy to use cables, and an intuitive and simple message display and charge indicator.  

Low Noise

The system produced very little noise since it would reside inside the consumer’s garage most likely.  There also was the idea that a user might take The Green Box camping.  In these scenarios, a low noise system was one of the critical goals.

Portability

Certain users may have had the desire to take The Green Box system to remote locations, such as a camping trip or a disaster site.  Individual components of the system were designed to be lightweight, and if that was not practical they had caster wheels to aid the user in handling the system.

Modularity/Compatibility

The Green Box system was designed with future inputs in mind.  Basically, any DC current generating device that had the correct female connector and the correct voltage and current requirements was able to be plugged in and start charging the battery of The Green Box system.

Enclosure/Housing

The enclosure was large enough to house all of the necessary components, but was also able to be easily modified in order to cut holes for the outlets.  The box needed a certain degree of weatherproofing as well, and was designed for slight inclimate weather.  The exact NEMA rating that was desired for each user depended on what uses and locations that the consumers may have had in mind.  However, this extreme protection was not be part of the Green Box prototype.  Next, the enclosure was as lightweight as possible, and was easy to open and close in case a part needed to be replaced or a circuit breaker needed to be reset.  The enclosure was also a huge factor in our objective of a low noise system, and attention was given to this fact when selecting the enclosure.  Finally, The Green Box was painted green to support the overall theme of the project.

User Display

The main purpose of the user display was to give status indication to the user of battery level, or of any fault conditions that may have occurred.  The display was also easy to read.  The display was backlit, so that it could be read during a power outage.  The display was also low power, so that otherwise usable power for the user was not wasted on powering the display.

3  Requirements

Green Power Inputs

The Green Box system had three types of green power generation devices.  Each device plugged into The Green Box's energy storage system for later use.  These inputs were for demonstration and testing purposes of the Green Box, and not a critical component of the system itself.

· One input was a solar panel capable of producing 100W.

· The solar panel was light and weighed no more than 35lbs.

· The solar panel was no larger than 15 sq. ft..

· Another input was a wind turbine capable of producing 400W.

· The wind turbine weighed no more than 40lbs.

· A final input was a human power mechanism capable of producing 70W.

· The human power mechanism weighed no more than 30 lbs.

· The solar panel, wind turbine, and human power mechanism each had the necessary integrated hardware to produce a 12VDC output.

· The solar panel, wind turbine, and human power mechanism each had a  long cable for remote mounting of the devices.  

· The solar panel cable, wind turbine cable, and human power mechanism cable each had a female connector for mating with The Green Box.

· All input receptacles had identifying labels.

· The system was capable of charging itself using power from more than 1 input at a time.

AC/DC Outputs

The Green Box system produced a 110VAC, 12VDC and 5VDC (USB) output for use by the consumer. 

· The system provided a standard duplex 110VAC outlet.

· The system was capable of providing a 110VAC, 60Hz, 9A output.

· The system also provided a standard 5VDC USB output.

· The system also provided a 12VDC, 15A output “cigarette lighter” output.

· The system incorporated all circuit protection necessary for the rated loads.

· The system provided labeling on all outputs displaying voltage and current ratings

· All output receptacles were of the female type.

· The system was capable of providing output power to the user at the same time that input power was being received.

· The system was capable of powering a small user display using power generated from the green sources, stored in the AGM battery.

· The system incorporated a pure sine wave inverter to create the 110VAC output power, and support any inductive load.

Power Storage

The Green Box system was capable of storing the energy created by the 3 green energy inputs, and also allowed the stored energy to be supplied to power the 3 outputs.

· The system was capable of storing power input from up to 3 sources simultaneously.

· The system incorporated an AGM battery with a capacity of 100Ah. 

· The system provided indication to the user when it was fully charged.

· The system incorporated a separate charge controller for each input.

· The system provided diagnostic and system monitoring information to the user as provided by the microcontroller.

· The battery was less than 3000 cubic inches in size.

· The battery weighed less than 100 lbs.

User Display

The Green Box system incorporated a user display.  This display provided information to the user as necessary.

· The system provided an LCD display to the user.

· The display was powered by the AGM Battery and consumed less than 200 mA.

· The display indicated to the user when the battery was full.

· The display signaled all fault conditions that existed.

Physical Requirements

The Green Box system remained reasonable in size, making it convenient for a consumer to use and incorporate into their daily life.

· The entire box assembly containing the battery, inverter, and inlets/outlets weighed no more than 130 lbs.

· The entire box assembly was no larger than 8 cubic feet in size.

· The box had caster wheels for easy transport.

· The box was green in color.

· The box was slightly weather resistant.

4  Research

Hardware

Generators

With the inclusion of human power generation in this project, various types of generators had to be researched to insure that the generator chosen would provide adequate performance based on the project’s requirements.  As a group, it was decided that, within the scope of this project, the generator would be viewed as a single component and the project would not include the design and construction of the actual generator.  To this end, research time was not spent on the specifics of building a generator, but rather on the differences in types of generators, which helped in later determining the exact type of generator to be used in this project.  Some determining factors included:  adaptability, ease of use, efficiency, cost, availability and reliability.  Research was therefore focused in these areas.

One decision that had to be made was whether to use an AC or DC generator.  The fundamental difference between the two is, as their acronyms suggest, in how the current and, therefore, voltage is supplied.  An AC generator consists of a magnetic field and an armature made of conductive wires wound in loops rotating within the magnetic field, inducing a voltage in the conductor causing current to flow.    Slip rings attached to the armature rotate with it while carbon brushes are used to conduct the current from the armature to a resistive load.  Generally speaking, AC power has the advantage of being more efficient than DC power in transmission.  An AC voltage can be stepped up using a transformer, thereby lowering the AC current and effectively lowering the power loss, governed by the equation
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, on the transmission lines.  The voltage could then be stepped down at its destination by another transformer to a usable voltage level.  This advantage is somewhat minimized though if the power is not being transmitted over a long distance as the resistance of a segment of wire is determined by the equation
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.  In this project, for example, it needed to be determined if the transmission power loss from the generator to The Green Box would be significant enough to justify the addition of two transformers.  This would then determine if this AC power advantage had any noteworthy importance as it pertains to this project.  The early projection was that stepping up the voltage would not reduce transmission losses enough to justify doing so as the distance from the generator to The Green Box was expected to be on the order of feet.  Therefore, the cost of a step up transformer was not expected to be offset by any power savings that would result.  However, a means of stepping down the voltage would have been necessary, regardless if the voltage is stepped up at the generator or not as lower voltage AC generators are typically 115 volt and the power storage device is expected to be 12-24 volt.  

Another advantage of using an AC generator is in having the ability to directly power AC devices through receptacles.  Since most devices operate on AC power, or have AC to DC converters either built into the device itself or into the device’s power supply, the AC generator could theoretically be used to supply power, in real time, to devices.   Obviously, though, the problem with this advantage is that in order to keep the device on and in good repair, the generator would have to provide the proper voltage, generally 110-120 volts, at a consistent rate.  While this is certainly possible with a gas powered generator which can be set to provide a constant rpm to the generator, it would be extremely difficult, if not impossible, for a human to achieve the speed and consistency required over a period of time for this AC power advantage to be effective in practice.  Another problem with this advantage, as it pertains to this project, lies in the purpose of The Green Box, which is meant to store energy for useful purpose.

The major difference in the construction of a DC generator as opposed to that of an AC generator is in the DC generator’s use of commutators which are, simply stated, rotary electrical switches.  The DC generator’s commutators replace the AC generator’s slip rings and, at the instant of the voltage polarity switch in an armature loop, the connections to the external circuit are mechanically reversed by that loop’s commutator.  The DC generator uses a number of these loop/commutators arrangements, each with a two pulse per revolution voltage, in combination to produce an essentially DC voltage.  One advantage to using a DC generator is in that most batteries and power storage devices require a DC voltage for charging.  If an AC generator is used, a rectifier circuit would have to be designed and implemented in order to convert the AC signal into a usable DC signal in addition to the voltage regulation circuit.  A DC generator will produce a DC voltage that will only need to be routed through a voltage regulation circuit to prepare it for use by the power storage device.  Another advantage of using a DC generator is in the availability of motors with specifications meeting the requirements for this project.  The lower voltage DC motors tend to operate at a reasonable RPM with a satisfactory required applied torque as opposed to their AC equivalents which can generally operate at a lower rpm but at a higher voltage and have an additional trade-off of a much larger required applied torque.  For example, a Dayton Permanent Magnet DC Electric Motor model 4Z529 will produce either 1/6 HP, 12 volts DC at 1800 rpm or 1/3 HP, 24 volts DC at 4200 rpm with approximately 6 in-lbs of applied torque.  A Pacesetter 42R-E Parallel Shaft AC Gearmotor Model 0649 will produce 1/6 HP, 115 volts at just 300 rpm, however it requires and applied torque of 25 in-lbs.

Another decision that had to be made was whether to use a belt or roller to drive the generator.  One factor that was considered in deciding which method to use was efficiency.  Using a belt connecting the gear system of the human power mechanism to the drive shaft of the generator would have resulted in higher energy transfer efficiency than mounting the generator such that a direct roller method could be achieved.   The lower transfer efficiency of the roller method would be particularly evident at higher rpm’s which would generate greater amounts of friction between the roller on the generator’s drive shaft and the roller or wheel on the human power mechanism, resulting in larger energy losses through heat dissipation.  The belt method would result in less friction, therefore less heat dissipation loss, due to greater surface area contact between the belt and the drive.  Another factor that was considered in deciding which method to use was size.  One of the features of the human power generation portion of The Green Box is its portability.  The human power mechanism should be small enough to be able to fit under, or on, a table.  If, for example, the belt method was indeed chosen, it would have to be designed in a manner keeping the entire system as compact as possible.  Noise criteria is another factor to consider when making the decision of using the belt or roller method since the human power mechanism is meant to be used in the house while performing other tasks.  It should be designed in such a manner as to not be a major distraction to those around.  Perhaps the most dominating factor that was considered in deciding which method to use was based on the type of human power mechanism that was selected.  For example, if it had been determined that a minimalist approach is the preferred option and a simple frame and pedal system is built, the belt method would have been the option, virtually by default, because the roller method would involve building a larger, more complex system.  However, if an exercise bike is the desired option, it would have been determined on a specific case basis if either method was unpractical, although either method could be utilized on most models.

If an AC generator would have been the option selected, the group would have selected a 115 volt motor as they are among the least expensive, most readily available AC options.  Since, however, a DC generator was the option selected, a decision was made on the rating of said generator.  This decision, though, was mostly driven by the selection of the power storage device and the other power generation devices.  Some of the DC options considered were 12, 24 and 38 volt permanent magnet motors rated between 1/6 and 1/4 horsepower.  If the group had decided to use an AC generator, a Pacesetter 42R-E Parallel Shaft AC Gearmotor Model 0649 at a cost of about $345 would have been a likely option.  Since it was decided that a DC generator would be the better option for this project, a Leeson Permanent Magnet Motor model CM31D17NZ26D at a cost of approximately $190 and a Leeson Permanent Magnet Motor model C4D17NK5D at an approximate cost of $275 were choices strongly considered.  

Batteries

The battery was considered as the heart of the project, since it stored all the energy that was created by the solar panel, wind turbine, and human power generator.  Without a battery to store power over a period of time, such as a day, the user would only have been able to harness the instantaneous power created by the three generators.  This would have been silly on a night with no wind, because the solar panel and wind turbine would have been useless.  The battery allowed the user to access power any time they desired, as long as the battery was properly charged beforehand.  At first, it might have been simple to think that all batteries were generally constructed the same, and any rechargeable battery would work well for the project.  This was definitely not the case, since the system generated some serious power with The Green Box generator inputs, and the system needed a battery capable of storing all this energy.  Also, the system would charge and discharge the battery many times over the course of a few decades, so a durable battery was also needed.  Various factors were researched on battery technologies, and the advantages and disadvantages of each type of battery are presented below.

There were three categories of batteries that were considered.  These included starting, deep cycle, and RV/marine batteries.  It was discovered that starting or “cranking” batteries were commonly used to start and run engines since they produced a very large current, but only for a short period of time.  The lead plates within these batteries were very thin, and there were a great deal of them stacked together creating a large surface area for the electrolyte to make contact.  This allowed for a large amount of current to be drawn from the battery in a short period of time, and for the battery to be charged up quickly.  The problem with starting batteries for use in The Green Box was not that they could not provide a large amount of power for more than a few seconds, but that the system needed a battery which could be discharged numerous times.  In fact, many starting batteries would only have lasted 15 to 30 cycles if they were used in the frequent charge/discharge manner that was designed for The Green Box.  Therefore, it was concluded that starting batteries were not a good choice for the project.  

Next, deep cycle batteries were researched for use within the project.  It was found that deep cycle batteries are manufactured with a few thick plates and therefore a smaller surface area for contact with the electrolyte.  This allows deep cycle batteries to be discharged deeper than the starting or marine battery for more cycles.  In fact, some premium deep cycle batteries can be used for thousands of cycles if not discharged past 50%.  Since there is less surface area, deep cycle batteries are able to produce a moderate amount of current for a long time, and are able to be charged at a moderate current as well.  A factor called positive grid corrosion is what primarily determines a batteries life.  The positive terminal of a battery is what falls apart over time, so basically the thicker the plates in a battery, the longer the battery will last.  This plate thickness was the reason why deep cycle batteries were superior compared to starting batteries.  Deep cycle batteries were also the most popular type of battery used in solar and wind power systems in the present day. 

Finally, marine batteries were found to be a hybrid between a starting battery, and a deep cycle battery.  The plates within the battery are between the thickness of the starting battery and deep cycle battery, which allows them to perform with the best of both worlds.  They’re able to start a large boat, and also supply power to the electronics on board while the engine is running.  Although the marine battery is both very powerful for starting engines and can supply moderate power for a moderate time, it still does not match the durability that the Deep cycle battery would bring to the project.  Marine batteries generally only last half as many cycles as deep cycle batteries.  Therefore, the decision was made to use deep cycle batteries for the project.

Now, further research was required to discover which type of deep cycle battery to use, because once again there were three different types of deep cycle batteries.  These different types of batteries included flooded, gel cell, and absorbed glass mat (AGM).  The group researched the advantages and disadvantages of each type of battery.  First, flooded or “wet” batteries had the lowest initial cost, which made it very appealing to include in the project.  Flooded batteries were also more tolerant of improper recharging voltages than the other two deep cycle batteries.  Flooded batteries had the highest rating for cranking amps, and also worked well in cold conditions.  The disadvantages of flooded batteries included that they must have been operated upright and not in any other orientation, and they were unable to be shipped with transportation companies such as the United States Post Office, UPS, or various other shipping companies due to battery acid leakage.  This would have made the product harder to sell to consumers, since they would have limited delivery options.  Another disadvantage of the flooded type battery was that the electrolyte (distilled water: H20) would have to be maintained by the user. This would have been difficult and annoying for the consumer, since the battery would have been hard to access in the green box.  The last and probably worst disadvantage would have been that the electrolyte could spill and cause severe damage to components in the green box, or even have injured a human.  Also, the excess gas created during the boiling part of charging the battery could be fatal if a person inhaled the fumes.  So, even though flooded batteries were cheap and provided the most power of the three deep cycle batteries, the disadvantages of potential damage and shipping problems proved this to be a poor selection for the project.

The second type of deep cycle battery to research was the gel cell battery.  Unlike the flooded type battery which had to be vented to let hydrogen and oxygen gas escape, the gel battery was sealed with a one way valve installed to let excess gas escape.  Also, the acid within the battery had been mixed with silica gel to give the electrolyte a thick, viscous medium.  The advantage of a gel cell battery was that it was impossible to spill acid, even if the battery was broken.  This immobilized electrolyte allowed gel cells to be approved for air transport by the International Commercial Airline Organization (ICAO), International Airline Transport Association (IATA), and Department of Transportation (DOT) as noted on the label if properly insulated from short circuits.  This got rid of the problem presented with shipping for the flooded batteries.  Gel cell batteries could also be installed in any orientation.  They were not required to be upright like the flooded type battery.  Gel cell batteries also had decent bulk recharge times, and were able to hold a charge while sitting idle for quite a long time.  These batteries were also much more durable and vibration-resistant than flooded batteries.   The disadvantages of gel cell batteries were that they would easily be damaged if they were overcharged, and battery life would quickly drop.  Also, in hot climates such as the summers in Florida, the water loss from the battery in 2-4 years could be enough to render the battery useless.  The water lost from overcharging could not be replaced inside the battery to prevent this premature death, either.  In addition, the gel cells cost more, as well as weighed more than flooded batteries.  Further disadvantages were realized when the absorbed glass mat battery was research, as shown below.

The final type of deep cycle battery researched was the absorbed glass mat battery.  This was the newest battery technology, which had a very fine fiber Boron-Silicate glass mat.  Absorbed glass mat batteries had all the advantages of the gel cell battery, and then some.  The AGM batteries even cost a bit less than gel cell batteries.  Absorbed glass mat batteries would not leak acid, even if they were broken.  The AGM battery could also be installed in any orientation, and like the gel cell battery was approved for air transport by the International Commercial Airline Organization (ICAO), International Airline Transport Association (IATA), and Department of Transportation (DOT).  Another advantage was that since these batteries were sealed, or better stated as valve regulated, no acid fumes were emitted during normal operation, and the electrolyte level would not need to be maintained.  Another advantage of using absorbed glass mat batteries was that they have a lower internal resistance, and therefore do not heat up as quickly.  AGM batteries work well at higher temperatures, and discharge very slowly.  In fact, some batteries only discharge 1% a month.  AGM batteries can also accept nearly any amount of current fed into them, so charging times can be dramatically reduced.  AGM batteries can also approach 99% efficiency in power storage due to their low internal resistance, caused by the efficient recombination of oxygen and hydrogen inside the battery.  The Absorbed glass mat battery was also found to be extremely durable and vibration resistant, and could even be thrown into a pool of water and still be able to operate.

As with almost everything in the world, the advantages gained from the absorbed glass mat battery came with a tradeoff.  One disadvantage of using an AGM battery was that they did not last as long per cycle as a gel cell battery of the same size and weight. The AGM battery was also more susceptible to thermal runaway than gel cell batteries, and the voltage had to be regulated between 14.4 and 14.6 volts at 68 degrees Fahrenheit and even more strictly as the temperature would rise.  Therefore, more emphasis was placed on a sophisticated charger which was both voltage regulated, and had a temperature sensor for the delicate AGM battery.  Now that all the three types of deep cycle batteries had been researched, including the flooded, gel cell, and absorbed glass mat, it was easy to see that the absorbed glass mat battery was the best choice for The Green Box.  Figure 4.1.2A below shows a table of the advantages, and the few disadvantages of the absorbed glass mat battery.
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Figure 4.1.2A Advantages and Disadvantages of an Absorbed Glass Mat, Deep Cycle Lead-Acid Battery

A discussion on battery life and the methods to extend life as long as possible would be appropriate here.  First of all, the further a battery is discharged, the quicker its life will come to an end.  Figure 4.1.2B below shows how the number of cycles dramatically decreases as the battery is drained deeper and deeper.  It might be easy now to assume that the shallower each discharge cycle is the longer the battery will live, but there is a limit.  A battery that is very shallowly discharged to 5% will usually not last as long as one discharged down to 10%.  This shallow limit happens because the lead dioxide builds up in clumps on the positive plate inside the battery rather building up evenly across the whole surface.  Therefore, it’s detrimental to discharge a battery too deeply or too shallow too many times.  So, a balance must be found.  Many people consider a 50% discharge to be the sweet spot for a battery to extend life and use the maximum amount of charge possible.  This can be confirmed by looking at Figure 4.1.2B.
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	3200


Figure 4.1.2B AGM Battery Life Cycles vs. Depth of Discharge

Overcharging and undercharging are also bad for battery life.  Overcharging is terrible for a AGM battery due to its sealed design.  When the AGM battery is overcharged, the oxygen and hydrogen will not be able to recombine, and will escape out the one way pressure relief valves.  The water cannot be replaced since a AGM battery should never be opened and serviced like a flooded battery.  The lack of water causes the electrolyte to dry out, and the battery will become weaker and eventually useless.  Undercharging will also hurt the battery because a layer of sulfate will gradually build up on the positive plate.  This will also make the battery gradually weaker, and eventually render it useless.  Therefore, the battery should be charged with a voltage regulated charger to prevent the battery from suffering the life shortening effects of overcharging and undercharging. 

Another topic of interest for an AGM mat battery was that they could bulge, or even cave in during operation.  The batteries were designed to expand a little bit, so the permanent loss of gasses during overcharging does not occur.  The batteries could create a vacuum and suck in the walls of the battery when the battery is heavily discharged, because the chemical composition inside the battery changes the total volume of the battery.  This expansion and contraction of the battery was taken into account when placing the battery inside the green box, so the battery had enough extra space.  Another factor that was taken into account about overcharging was the release of hazardous gasses.  Even though the AGM battery was sealed, overcharging would allow oxygen and hydrogen to escape out the one-way pressure relief valves.  If the box was sealed tightly, then the gasses would not be able to exit safely to the atmosphere, and the green box would have turned into an explosive weapon.  Also, even if the gasses were expelled from the green box, they were done in a way that a human could not come too close to it, and die from inhaling toxic fumes.

Now that the decision was made to use an absorbed glass mat battery, and the fact that this battery was not as commonly known, the decision was reinforced by giving various examples of other projects which use an AGM battery.  Absorbed glass mat batteries were currently in use in various premium vehicles.  These batteries were being used in these luxury vehicles since they had features such as navigation, stability control, and powerful audio systems.  AGM batteries were therefore being used to supply the heavy electrical load produced by this equipment.  The BMW 5 Series used AGM batteries to recover energy using regenerative braking and computer control to let the alternator charge the battery rapidly when the car was decelerating.  Various racing organizations such as NASCAR and IHRA used AGM batteries, because they were so durable and vibration resistant.  Also, absorbed glass mat batteries were being used in situations where people might be around, since the acid could not spill out and injure, or even kill a person.  AGM batteries also produced more power in a smaller package so many motorcycles began using them in their design.  Another example was that AGM batteries were the choice for applications in freezing conditions such as scientific instruments in the Arctic, since they could not freeze due to a lack of liquid.  The AGM battery was initially invented and developed in the 1980’s for military aircraft where power, safety, and reliability were great considerations.  This initial purpose of the AGM battery also supported the accepted superiority of the battery.  Finally, and most likely the greatest of all, absorbed glass mat batteries were the most popular battery used in both solar and wind installations.  Therefore, the choice of using AGM batteries for our the Green Box proved to be extremely successful.   

Charging Systems

Charging the battery in the Green Box was not a subject to ignore, and required quite a bit of concentration. In this section, research was conducted on the methods of proper battery charging, and further details are presented below for the special absorbed glass mat battery.  The project was designed for the battery charging system to operate as efficiently as possible for many years, as well as harness the maximum possible amount of energy generated.  Other factors taken into consideration were heat generation, safety, and speed of charge.  Finally, the different types of chargers for solar, wind, and dc permanent magnet generators were researched, and the advantages and disadvantages of each product will be discussed below.

To start off the discussion of charging systems, the generalized process of charging any battery was researched.  This helped in the understanding of the operation of the charging system in the Green Box.  Basically, there were four stages of battery charging, including bulk, absorption, float and finally equalization.  The first stage was the bulk charge.  This supplied most of the energy to the battery, specifically from the total discharged amount all the way up to 80-90% capacity.  Also, this stage took up about 60% of the total recharge time of the battery.  During the bulk stage, current was sent to the batteries at the fastest rate possible, which was determined by a limit of 20 amps per every 100 amp hour rating of a battery (in a 20 hour discharge period).  The bulk stage should end, however, if this stage lasted too long.  The bulk charge time period should not last more than 1.2 times the depth of discharge, divided by the average charge in amps.  In other words, at a 50% discharge of a 150 AmpHour battery the depth of discharge would be 75 AmpHours, and the maximum recharge rate will be 30 amps.  This yielded a maximum bulk stage charging time of 2 hours and 30 minutes at the maximum current flow (30 amps).  This stage was the most important for a battery charger, since it supplied most of the power during the recharging cycle, and also presented the greatest challenge in monitoring the batteries.  Since so much current was being fed into the battery, great care was taken to make sure that the battery was not overcharged.  This would have lead to a short death of the battery and possible injury to the consumer if they were in close proximity.  Also, not to be forgotten, undercharging a battery was just as detrimental to the life of the battery.  The bulk stage charge ended when a maximum voltage was reached (14.1 Volts for AGM batteries).

The second stage in the recharging cycle was the absorption stage, in which the battery charger kept a constant voltage on the terminals of the battery.  The current would slowly decrease as the internal resistance inside the battery built up.  The constant voltage during this stage would be the highest in the recharge cycle, and the value depends on the type of battery used (13.5 for AGM batteries).  The absorption stage would bring the battery up to a 100% charge, but if this stage lasted longer than 8 hours, it would be stopped.  At this point the battery was fully charged, but there were still two more stage which maintained and reconditioned a battery.

The third stage in the recharging cycle for a battery was the float stage, where the voltage was reduced to a low level to provide a maintenance, or “trickle” charge.  The purpose of the stage was to maintain a battery at 100% capacity.  This maintenance stage operated by having a small current (usually less than 1 amp) fed into the battery to replace the natural self-discharge of the battery anytime it was needed.  This could even happen a few times every second when pulse charge modulation was used in a charger, which sensed a very small voltage drops in the battery and replenished the necessary charge.  The float stage was not necessary for some batteries, due to their slow-discharge rate.  However, having this feature in a battery charger would definitely be useful in the long run, since all batteries were susceptible to natural self-discharge.  

The final stage of battery charging was the equalization stage, in which a voltage higher (10%) than the absorption stage was applied to balance each individual cell inside the battery.  Equalizing helped prevent the buildup of sulfate on the plates of the battery, which would extend battery life.  Equalizing also brought each of the 6 cells inside the 12 volts battery up to the same voltage level.  The equalization stage can be very useful, but was not available in all chargers, since some batteries could not use the equalization charge.  

Now that the general process of recharging a battery has been discussed, the specific details for the battery used in the Green Box will be discussed.  Since it was decided that an absorbed glass mat, deep cycle battery would be used, the specifics for each stage of the recharging cycle will now be discussed.  The graph below in Figure 2.1.4A shows both the voltage and current ratings for each cycle in a battery charger for an absorbed glass mat battery.  The bulk stage requires a maximum current to be set, and for the 150 AmpHour battery that will be used, this will be 30 amps.  An Absorbed glass mat battery can, however, accept up 33% of the AmpHour rating, which is 50 amps for this 150 amp hour battery.  Figure 4.1.3A shows a current of only 10A, but it must be taken into consideration that this is for a 50 AmpHour battery, and not a 150 AmpHour battery.  The maximum time for the bulk stage was previously calculated to be 2 hours and 30 minutes for a 30 amp charge, and the charger would cut off if this time was surpassed.  The maximum 50 amp charge should have a time cutoff of only 1 hour and 30 minutes.  Also, the voltage was shown to steadily climb to a value of 14.9 volts.  Further research shows that a voltage value of 14.1 was a good cutoff, so this smaller value was used instead. 

The next stage to research was the absorption stage.  As the graph shows, the voltage should be held constant at 14.8 volts.  The battery charger needed to have a temperature sensor for an absorbed glass battery, because AGM batteries were susceptible to thermal runaway.  Also, the AGM battery should stop being charged if the temperature exceeded 100 degrees Fahrenheit.  This stage would come to a stop when the battery would only accept 100 milliamps or less.  The battery was fully charged at this time.  Note:  There was another type of absorption charge which could be used for AGM batteries that would have been very beneficial to the project.  This method for the absorption stage was not voltage regulated, but current regulated to 3 amps.  This would have allowed the absorption stage to last only 45 minutes.  Therefore, the total time for charging a battery completely from 50% to 100% could be as short as 2 hours.  If this quick charge was used, however, the voltage must never have exceed 16.8 volts.  This option was not used since the charge controllers used did not support this setting.

The float or trickle charge stage was unnecessary for an absorbed glass mat battery, due to the battery’s slow self-discharge rate.  However, this feature would have been useful if the consumer left the battery inside the Green Box charged for a long period of time.  This stage was beneficial, because AGM batteries should be stored at a charge as close to 100% as possible to extend battery life.  If needed, the voltage to keep regulated on the terminals of the battery was 13.5 volts.  The float stage was not crucial to battery life, because the self-discharge rate of an absorbed glass mat battery could be as low as 15% a year.  This stage was included in the final design, however, because the charge controllers used contained this stage.
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Figure 4.1.3A Absorbed Glass Mat VRLA
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The final stage of recharging an absorbed glass mat battery was the equalizing, or balancing stage.  This stage occurred between the absorption and optional float stage.  To perform this stage correctly on the AGM battery, exactly 2 amps were produced, and were not allowed to pass 15.6 volts.  Also, this stage would never last more than 4 hours for the AGM battery. 

Now that the proper procedure of charging batteries and the specifics for the Green Box’s absorbed glass mat battery have been discussed, the creation of the charging system will be discussed.  Since the AGM battery was quite delicate compared to a flooded deep cycle battery, more precise voltages and currents were needed to ensure both battery life, and safety.  Also, the charger was required to have a temperature sensor to monitor the battery, to protect it from thermal runaway.  This could lead to fires, injuries, or even death of the consumer.  Due to three different charging stages required for an AGM battery, a microprocessor was required to be used to switch from the bulk stage, to the absorption stage, and finally to the float stage.  Each stage needed to include the equipment to read the characteristics of the battery including voltage, current, and temperature, and then adjust the equipment to allow the proper charge to occur.  Also, connections between all the devices and the battery had to be made.  Creating a sophisticated charging system, as needed for an AGM battery was seen to be very difficult and time consuming.  It seemed to be an entire project inside of itself.  Therefore, the decision was made to purchase a charger which had previously been designed to properly charge an AGM battery.


We broke the function of the charging system down into its components, so we could better analyze the system.  First of all, the output of the system had the desired voltages and current as previously discussed.  The inputs, however, were a different story.  We had a total of three inputs, including a solar panel, a wind turbine, and a human power generator.  Each of these inputs created its own range of voltages and currents.  On this note, we knew that three dramatically different voltages could not be connected in parallel, or the highest voltage will try to force current into the two lower voltage components.  This certainly would have presented a wide range of problems, including multiple generator failures.  Therefore, we needed a way of regulating each of the three voltages, so that we could combine them into one, and then feed them to the input side of our charging system.  Also, another option was created in which each generator would have its own separate charging system.  This decision for the number of battery chargers will be discussed further in the design section of charging systems.  

There were two types of battery chargers that were researched for the project.  The first was a battery charger which accepted a 120V alternating current from a home wall socket, and the second was a charge controller that accepted direct current and was common in many solar panel and wind turbine installations around the world.  Without much discussion, the obvious choice was to choose the charge controller, since the point of the project was to use the DC output of the three “green” generators.  Since the decision was easily made to use charge controllers for our project, the features of the project for charging an absorbed glass mat battery will now be discussed.

The basic function of the charge controller was to regulate the voltage from an input source, and then output that power to the battery.  This voltage regulation was definitely required, since each of the three inputs produced a different range of voltages and currents.  It was assumed that the input to the charge controller(s) would be regulated.  There were three types of charge controllers available.  These included simple 1 or 2 stage controllers, 3 stage and/or pulse width modulation controllers, and finally maximum power point tracking controllers.  The first type of controller to discuss was the simple charger.  This design of charge controller relied on relays or shunt resistors to control the voltage in only a few simple steps.  All these controllers basically did was turn on and off to achieve a desired voltage.  These controllers are very old, and rarely used in newer solar installations.  However, they were very durable since their components were so basic.  The next charge controller, the 3 stage controller, was becoming quite common in solar panel installations, and could also acquired quite cheap.  The cheap price, as well as efficient and reliable charging were great advantages of this charger.  Finally, the maximum point power tracking charge controller was the most sophisticated of all three, but also the most expensive.  Also, this type of controller was usually used in large solar installations.  The MPPT controller is much more efficient than the other two, approaching 97% efficiency in power transfer.  Maximum power point tracking will now be discussed, and the decision if this type of controller was the best for the project will be discussed.

Basically, a maximum power point tracking charge controller optimized the match between a power source, and a battery.  The smart MPPT controller would look at the voltage of the input source, and the voltage at the terminals of a battery, and decided the best power to supply the battery.  Since the voltage is usually regulated, this meant trying to force as many amps into the battery as possible.  Let’s create an example to explain.  Let’s say the battery was at a low charge voltage of 11.5 volts, while the output from a solar panel was 17.5 volts and 8 amps. This meant the solar panel was producing 17.5volts*8amps = 140 watts.  However, without a MPPT charge controller, the battery would only accept 11.5 volts, so the power that was actually fed into the battery was 11.5volts*8amps = 92 watts.  This is a dramatic drop in power efficiency.  The Green Box definitely needed to be efficient, or power would have been wasted for such a small system.  The MPPT was useful here in that it could raise the current, while keeping the voltage at an efficient level.  So, back to the example.  When the battery was at a voltage of 11.5 volts, the charger would produce a slightly higher voltage at 12.5, and create 11.2 amps to create a total power transfer of 12.5volts *11 amps = 137 watts.  Therefore, nearly all the power from the solar panel was fed into the battery.  Although this power efficiency seemed high, it was not uncommon for MPPT charge controllers to approach 98% efficiency.

The graph below, in Figure 4.1.3B, shows the calculation that a maximum power point tracking charge controller would make to find the best power efficiency possible.  Voltage is present on the horizontal axis, while current is shown on the vertical axis.  The light blue line shows the possible voltages and currents that can be created from the MPPT charge controller, while the green line shows the power that the combination of these two will create.  The charge controller found the maximum power point by finding where the green line is at a maximum value.  Also, this process could occur many times a minute, which produced the most efficient power transfer possible between a power source and battery.  The maximum power point tracking charge controller would have been a great addition to the Green Box project, due to the power that it would restore compared to the 3-stage controller.  However, various features were discussed in the design section on charging systems to decide which charge controller was the best choice for the Green Box.
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Figure 4.1.3B Charge Controller Maximum Power Point Calculation
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Solar-Cell Arrays

One of the best ways to produce energy from nature was from a source which was abundant most of the day, and nearly every day of the year in virtually every part of the United States.  This natural source of energy was sunlight.  Solar panels were an obvious choice for use within the Green Box design, and the decision could be reinforced by noting that solar panels were used for energy production worldwide, and even in outer space by the International Space Station.  The goal of this research section on photovoltaic energy production was to present the technology and equipment to efficiently capture as much energy from the sun as possible, and discuss what technologies were best for the Green Box.  This was done by discussing the various types of solar panels, characteristics of solar panel energy production, module placement, and finally methods of increasing sunlight capture.  Note: The name Solar Arrays implies that multiple solar panel would be used, but that is the option of the consumer.  

The first topic to discuss was the various types of solar panels.  There were three different types of silicon used to create photovoltaic modules.  These included monocrystalline, polycrystalline, amorphous, and finally a non-silicon solar panel named Copper Indium Gallium de-Selenide (CIGS).  The first type of silicon used in solar panels was monocrystalline.  This type of solar panel was the most efficient, with percentages around 13%-16%.  This type of solar panel was expensive though, because of the manufacturing process.  The silicon was sliced from the same large crystal ingot, and was very pure with few irregularities.  This increase in efficiency allowed for smaller monocrystalline solar panels to perform the same as larger panels of a different type, such as amorphous silicon.  The panels were also estimated to last 25 to 50 years, so the higher initial investment would pay off since it would produce energy for quite a long time.  Monocrystalline solar panels were very fragile, and care must have been given during the shipping and installation processes.

The next type of solar panel to discuss was polycrystalline silicon.  Instead of the highly refined single crystal ingot used in monocrystalline solar panels, polycrystalline panels contained many crystals, and appeared like little chips or a mosaic painting.  Making a solar panel with multiple crystals instead of just one allowed the panels to be made cheaper.  The disadvantage of polycrystalline solar panels were that they were less efficient, and produced only 11%-14% of the electrical energy that hit their surface.  Polycrystalline solar panels were the most common type of solar panel in home installations, due to their low cost, and average power efficiency.

Another type of solar panel material was amorphous or thin film silicon.  The manufacturing process was different for this type of solar panel in that the silicon was not created from slices of silicon connected together.  Instead, a photo sensitive compound was deposited onto a surface, such as stainless steel.  Some experimental houses even used this photo sensitive material on roofing tiles to create a roof which acted completely as a solar panel, and did not look unattractive.  This type of solar panel was also very durable, and could even be flexible in many applications.  Shipping and installation was therefore much easier.  Amorphous solar panels were also the cheapest type of solar panel, as well as the newest, but as with everything, there were disadvantages.  The amorphous solar panel was only half as efficient as monocrystalline solar panels, and only created electricity from 7%-8% of sunlight that hit them.  This inefficiency could be overcome, however, by using a bigger solar panel to achieve the desired power output.  Amorphous silicon also had the advantage of not losing efficiency when the temperature was above 110 degrees, unlike the other types of solar panels.  Finally, the longevity of amorphous solar panels was still unknown, since the technology was still quite new. 

The last type of solar panel material to discuss was Copper Indium Gallium de-Selenide (CIGS).  As the name suggests, the material did not use any silicon, but instead contains copper, indium, gallium, and selenium.  This type of photovoltaic was the least common by far, but was in the experimental stages.  Scientists had shown that this material could be sprayed onto surfaces such as foil, plastic, glass, cement, and other construction materials.  This material caused a lot of news stories to talk about the new discovery of efficient and cheap energy production from the sun, but the technology was still far from catching up with traditional silicon solar panels.  Therefore, this type of solar panel was not a good choice for the Green Box.

Now that all the different types of solar panels have been discussed, including monocrystalline, polycrystalline, amorphous, and Copper Indium Gallium de-Selenide (CIGS), a decision was made about which technology was the best for the Green Box.  It was already ruled out the use of CIGS was wrong for the senior project, so we only needed to focus on the three remaining.  The most desirable solar panel material for the Green Box was amorphous silicon, due to its low price.  The reduced efficiency for solar panels of the same size could easily be fixed, by using a solar panel with a larger surface area.  The photovoltaic module would be placed on the roof, so the required space for installation was not too big of an issue, since only one solar panel would be used for the project.  This decision was not confirmed to be final, until various factors were discussed in detail within the design section on solar arrays.  The biggest deciding factor occurred  due to price.  Also, room was left for a great deal to be encountered by one of the students in the senior design group, and the item could be bought locally by advertisement online, such as craigslist or EBAY.  If that method was chosen, the cost would be considerably reduced, since shipping costs were eliminated, and used condition panels could go for almost half the price of a new photovoltaic module.

The process by which solar panels created energy were briefly researched to help understand the operation of photovoltaics.  Figure 4.1.4A shows a demonstration of the various layers of a solar panel.  The process for solar energy production was quite simple.  Sunlight shined on the panel and passed through three layers of transparent material including an antireflective coating, a transparent adhesive, and finally the glass cover for the solar panel.  These performed their obvious roles.  The important part was how the photovoltaic module generated electricity.  This was created by placing an n-type semiconductor and p-type semiconductor’s surfaces together.  The n-type semiconductor had an abundance of excess electrons with negative charge, while the p-type silicon had an abundance of positively charged holes.  The point of contact between these two different types of semiconductors was called the p/n junction, and excess electrons could easily move from the n-type semiconductor to the p-type semiconductor and produce a current.  This was where sunlight capture became important.  Sunlight helped create an abundance of extra electrons by breaking the silicon structure’s bond with its photon energy.  Not all photons could break the bond of a semiconductor material like silicon, though.  Also, some photons were too powerful.  For an electron to be freed from its crystal structure, its band-gap energy had to be matched by photons from the sun.  If the energy from the photon was too low, then nothing would happen.  If the photon energy was too high, then the excess energy would be dissipated as heat in the solar panel.  Therefore, a balance needed to be found for efficient solar energy production.  Figure 4.1.4A below depicts a typical solar cell.

[image: image7.emf]
Figure 4.1.4A Photovoltaic Energy Production

Image courtesy of the Office of Renewable Energy and Energy Efficiency, Solar Energy Technologies Program

Solar panels could be very inefficient, so methods to increase energy production was important to discuss.  Some reasons for inefficiency were inherent to the nature of creating electrical energy from the sun, while others could be fixed by creating a method to increase energy production.  The first set of issues to discuss were ones that were naturally inherited, which included the wavelength of light, recombination of electrons/holes, temperature effects, and finally reflection of light.  The first was the wavelength of light.  Light is naturally composed of different wavelength of light, and not all can be used by solar panels.  The main reason that solar panels are not 100% efficient is that they cannot absorb all the different wavelengths of light.  In fact, more than half the spectrum of light available is not able to be absorbed by solar panels.  Another inherited inefficiency was the recombination of electrons and holes, which occurred in some materials when an impurity or crystal structure abnormality was encountered.  The next issue was the effect temperature had on solar panel efficiency.  Solar panels actually work best in cold conditions, which is ironic since the sunniest places are usually extremely hot.  In fact, it was found that when the temperature was at about 120 degrees Fahrenheit, the solar panel was only 70% as efficient as compared to a temperature of 70 degrees Fahrenheit.  The final inefficiency that was naturally inherited by solar panels was the reflection of light.  Silicon can reflect more than 30% of the light that strikes its surface.  This reflectance can be minimized by the use of an antireflective coating on the top of the semiconductor.  Each layer can only stop reflection of one wavelength, so multiple layers can be laid on top of each other to increase efficiency.

A few methods were created to help increase the efficiency of solar panels.  The first one was the issue which deals with heat.  Since the solar panels became increasingly inefficient as the temperature rose, a system could be created which cooled the solar panel down to a more efficient temperature.  This could be done by using liquid nitrogen, or a refrigeration system similar to an air conditioning unit or a refrigerator at home.  The next method that could be used to help solar efficiency was to use mirrors to concentrate light onto a solar panel.  Since the Green Box project only required a small area to use for the solar panel, the area for sunlight capture could easily be increased by using mirrors like the installations of solar thermal plants around the world.  The last method that could be used to increase solar panel efficiency was to create a device that tracked the sun.  This would allow the solar panel to have its face pointing directly at the sun, which allowed for the most efficient solar capture possible.  In fact, it was discovered that a solar panel that was only 25 degrees off from pointing directly at the sun could be 70% as efficient as one that was perfectly aligned.  These different methods could all increase the efficiency of the solar panel used in the project, and will be discussed further in the design section on solar arrays.

Solar panels have various ratings which can be used to compare one product to the other.  These ratings were researched, so the advantage of one solar panel compared to another could be realized.  The first rating was nominal voltage, which was the system in which the solar panel was compatible with.  Common configurations are 12 volts, 24 volts, and 48 solar panels.  This was listed to help the person buying the solar panel to purchase parts which will not damage one another.  For the Green Box, it was decided that the system would operate on 12 volts, so a solar panel with this nominal voltage was purchased.  The next rating to discuss was the Voltage at Maximum power (Vmp).  As the name suggests, this was the absolute highest voltage the solar panel would achieve under perfect conditions, which included harnessing sunlight with a perfect incident angle, on a relatively cool day.  One last rating to discuss for the voltage properties of a solar panel was open circuit voltage (Voc).  This was the voltage that would be produced by the solar panel with no load attached to the positive and negative terminals.  A note should be given here about solar panel mixing.  It was strongly recommended that when solar panels were wired together in parallel that they have nearly the same exact voltage.  Many commercial solar panel vendors recommended buying panels which were from the same manufacturer, and have the same size, power, etc.  This ensured that the maximum amount of energy from each panel would be produced.  As discussed in the section on charging systems, if two solar panels are wired in parallel with different voltages, then a reverse current might damage the solar panel with a lower voltage.  If a diode was used to block this back current, then the panel would not produce any power, since the diode would cut-off and current would not be allowed to pass through.  This solar panel miss match could be fixed, however, by using separate charge controllers for each different set of solar panels.  Although the Green Box used only one solar panel, it was still wise to discuss this problem to prevent misuse during future designs or modifications.

The next rating of solar panels to discuss to aid in the search for the best choice for the Green Box was current.  The maximum current that the solar panel could produce under the perfect weather conditions listed previously was named “Imp”.  The next rating for current was the open circuit current, or Isc.  This was the current which would be produced if the measurement was taken from the positive terminal to the negative terminal of the solar panel.  These various ratings of solar power panel could be found on manufacturer’s specification sheets, or on the label on each solar panel.  They were usually listed as numbers, but also came in the form of I-V curves, as shown below in Figure 4.1.4B.  These were created by researchers who vary the light which strikes the surface, and then plot many different points to depict the energy production that each solar panel made in various conditions. These charts were used as a deciding factor for  the solar panel chosen for the Green Box.  
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Figure 4.1.4B I-V Curve
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The final topic that was researched on solar panels was the availability of sun for energy production.  As shown in Figure 4.1.4C, different places in the United States presented a better opportunity for energy production.  The Green Box would use the solar panel to its maximum potential in the areas which appear in orange and red on the map.  These areas are in the Southwestern United States in states including Arizona, California, Nevada, New Mexico, and Texas.  It was no surprise that these states were also the biggest supporters in the push for using solar panels in green energy production.  The largest solar installations in the United States resided in the Southwestern part of the country as well.  The solar panel would still be a good choice in states such as Florida, Hawaii, Oklahoma, and Colorado, since they also have constant sun.  In fact, these states had a high number of solar installations as well.  This map could be used more for the marketing side of the product than the actual design.  The Green Box was designed to operate with moderate or intense sun like in the state of Florida.  The states which presented a problem were primarily in the North.  The brown sections on the map would produce only a quarter as much power with a solar panel installation as would one of the states in red.  However, a small amount was still better than none.  If the Green Box were ever to become an actual product out in the marketplace, it would be a wise decision to eliminate a large solar panel from the initial product to reduce price.  If the same initial price was desired to make a profit on the final product, then the solar panel could be reduced while another input such as the wind turbine could be increased.   

[image: image9.jpg]Direct Normal Solar Radiation
(Two-Axis Tracking Concentrator) | imsnesnay e snra g roe

aerosol optical depth, precipitable water vapor, albedo, atmospheric
pressure and ozone resampled to a 40km resolution. See
ttp: fwianw.nrel govigis/il_csp htmi documentation for more details.

KWh/m2/day

A DGRBS OT 1 Oy O
NOOARGOTOO NN

o1

Produced by the Electric & Hydrogen
Technologies & Systems Center - May 2004





Figure 4.1.4C Solar Radiation in the United States
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Wind Power Mechanism

The Green Box system was built to accept a wind turbine to harness the power of the wind, since this is one of the most abundant resources available in many parts of the world.  The goal of this research was to explore the two different options that The Green Box project team was presented with in reference to acquiring a suitable wind power mechanism for integration in to the system.

First we researched the different physical types, and then we researched the options for the power output of the various wind turbines available today.  Modern wind turbines also come with many different options to increase their reliability, safety, and efficiency.  Some of these options include pitch control, yawing, and electrical or mechanical braking.  None of these options were considered in depth since they presumably won’t be included on the small scale wind turbine that will be used in The Green Box system.

The first option for integration in to the Green Box system was to acquire what is commonly referred to as a horizontal-axis wind turbine.  Similar in appearance to an old windmill, this is what most people imagine when they think of a wind turbine.  Figure 4.1.5A illustrates a typical small horizontal-axis wind turbine, so as to prevent confusion with a vertical-axis wind turbine which will be discussed later.
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Figure 4.1.5A Example of a Small Horizontal-Axis Wind Turbine
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When thinking about acquiring a horizontal-axis wind turbine, the project team considered the advantages and disadvantages of this type and how they apply to The Green Box system.  

Two of the biggest advantages of a horizontal-axis wind turbine are the fact that it is mountable high up on a pole allowing access to higher winds, and their inherent higher efficiency due to the blades moving perpendicular to the wind throughout the whole rotation.  The fact that a turbine mounted high up on a pole will have greater access to stronger winds is obvious, but the turbine chosen for use in The Green Box system is only able to take advantage of this on a very limited scale.  As a requirement of this project the turbine would need to be rapidly deployable, so it was not mounted high up on a pole.  The second big advantage, the fact that it is inherently more efficient due to the blades being perpendicular to the wind, is a much more important factor when considering it’s use in The Green Box system.  Due to the nature of the system, and the small amounts of power that will be generated, care must be taken to conserve efficiency at every possible point in the system.  The increased efficiency of the horizontal-axis wind turbine is intriguing when thinking of the applicability to The Green Box.

Two of the biggest disadvantages of the typical horizontal-axis wind turbine are the necessity for a yaw mechanism to turn the blades toward the wind, and the inherent difficulties in installing high up on a pole or tower.  For the Green Box system the lack of a yaw mechanism was acceptable, because most small scale horizontal-axis wind turbines such as the one we used come with a tail that keeps the blades pointed in to the wind instead of a yaw mechanism.  The disadvantage of inherent high elevation installation difficulties were also minimized by the fact that the Green Box system used a very small scale horizontal-axis wind turbine, since that is all that was required to meet our low power requirements.

The second option for integration in to the Green Box system was to acquire what is commonly referred to as a vertical-axis wind turbine.  These turbines are designed to handle wind from any direction without repositioning the turbine.  While this would obviously help for areas with irregular wind patterns, it has inherent inefficiency due to the blades not being pointed in to the wind throughout the entire rotation cycle.  Figure 4.1.5B illustrates a typical small vertical-axis wind turbine, so as to prevent confusion with a horizontal-axis wind turbine.
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Figure 4.1.5B Example of a Small Vertical-Axis Wind Turbine
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The main advantage of a vertical-axis wind turbine, besides that it can handle wind from multiple directions, is that it has a lower startup speed than most horizontal-axis wind turbines.  This had a direct impact on it’s attractiveness for use in the Green Box system.  Vertical-axis wind turbines can usually start producing electricity in wind speeds at less than 10 m.p.h..  This would indicate that the vertical-axis wind turbine may be more suitable for use in areas where the Green Box is deployed, but where the wind conditions are less than ideal for power generation.

However this seemingly huge advantage may be more than overcome by the biggest disadvantage of a vertical-axis wind turbine, which is it’s inherent inefficiency.  This inefficiency results from the fact that additional drag is created when the blades rotate in to the wind as part of the revolution cycle.

The Green Box project team also considered what type of electrical output is desired from the wind turbine, regardless of whether it was a horizontal or a vertical-axis turbine.  Most wind turbines come with a generator already included as part of the mechanism, attached directly to the shaft of the turbine or to a gearbox.  Since the Green Box was designed to accept DC inputs, it was critical to the team to select a turbine as part of the design phase, with either a DC generator, or one that has an AC generator along with the necessary circuitry included to rectify that signal.

Cost was yet another consideration when deciding on which type of turbine to use.  The Green Box required a 200W turbine.  Initial research showed that horizontal-axis wind turbines are much more available and easy to acquire than vertical-axis wind turbines are at this time.  Another option being considered was to make a wind turbine ourselves.  This option wasn’t chosen, however, because our focus was to be on the Green Box energy storage and interface more so than the actual input devices, since that part is the motivation for the project.

The Green Box project team also considered, when debating whether to use a horizontal or vertical-axis wind turbine, the availability of wind energy in various parts of the country where the Green Box may be deployed.  Figure 4.1.5C illustrates that different parts of the country present drastically different opportunities for wind power production.  Perhaps a Green Box system produced for use in a certain area would be able to make better use of the increased efficiency of the horizontal-axis wind turbine, while a Green Box system produced for use in a different area may stand to gain from the lower turn on speed of a vertical-axis wind turbine.  An even better solution would be for Green Box systems in areas with “Marginal” or below wind production to include more solar panels with the system instead of a wind turbine.  The design philosophy of the Green Box, with flexible input ports, makes such a change not only possible but actually quite simple and practical.
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Figure 4.1.5C Wind Resources in the United States
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Human Power Mechanism

It was decided that the human power mechanism that will was used to drive the generator in The Green Box was to be a type of stationary bike.  The design team decided that the bike selected was to be relatively small as to allow the user to easily transport the device from one location to another.  The team considered purchasing a device new or used as well as the possibility of building a device.  In addition to giving consideration to the size of the device, cost was to be a determining factor in the process of selecting a device for the human power mechanism in The Green Box.

The device had to have a gear, pulley or roller system driven by a pedal mechanism.  A roller system, as defined for this project, is a system where a roller or wheel driven directly by the pedal mechanism drives a smaller roller connected to the generator shaft through direct contact.  Designing this type of system could have resulted in a more compact device as the generator would have been mounted in such a manor as to make direct contact with the roller/wheel driven by the pedal system.  However, the direct contact, especially at higher rpm’s, would have resulted in higher energy losses due to friction when compared to a pulley or gear system making the roller system a less efficient option.  Direct roller systems also have a tendency to be rather loud, especially when operating to produce a higher wattage.  Below, in Figure 4.1.6A, is an example of a typical configuration of bike generator with a roller system.
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Figure 4.1.6A Typical Roller System Configuration

Image courtesy of http://pedalpowergenerator.com
Reprinted with permission of Pedal Power Generators LLC

Designing a gear system was another option that was considered.  This type of system can either be a direct contact gear system or a gear and chain system.  A direct contact gear system, for the purposes of this project, would have been similar to the roller system in terms of design with the exception that gears are used instead of rollers or wheels.  A direct contact gear system would have also offered the apparent advantage of resulting in a compact device as the generator would be mounted close enough to allow its gear to make direct contact with the gear driven by the pedal mechanism.  This option could have been more efficient than the roller system as the friction losses associated with the gears would be less than those associated with the rollers, especially at higher rpm’s.  Another gear option would be using a chain gear system much like that of a bicycle.  In this option, the pedal mechanism would drive the larger gear directly and the smaller gear, attached to the shaft of the generator, would be driven by the larger gear through the use of a chain.  This option would be more efficient than a direct gear system, especially at higher rpm’s, as it would result in less slippage.  One disadvantage to a gear system is in safety, especially if small children are expected to be present when the device is in operation.  The gears and chains offer opportunities for fingers to get pinched when in operation.  Gear systems also would be at a disadvantage concerning noise, when compared to a pulley system, as either gear system would involve some amount of metal to metal contact whether it is between the gears directly or between the gears and a chain.  Because a gear system was chosen for this project, part of the design of the human power mechanism, or the selection of such device if one had been purchased, involved computing the gear ratio in order to optimize the generator’s power production.  Below are the equations that were used in such a calculation where gr is the gear ratio, r is the radius of the smaller gear attached to the generator’s shaft, R is the larger gear driven by the pedal mechanism, ωD is the angular velocity of the larger gear and ωd is the angular velocity of the smaller gear.
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Another option that was considered was the use of a pulley system.  This type of system, for the purposes of this project, would have been similar to that of the gear and chain system in terms of design with the exception that pulleys and a belt are used rather than gears and a chain.  In this option, the pedal mechanism would drive the larger of the pulleys which would, in turn, drive the smaller pulley, attached to the generator’s shaft, through the use of a belt.  This type of system would be expected to be as efficient, if not more, than the gear and chain system and would be expected to produce less noise than the other options presented.  While it would have been safer than that of a gear or gear and chain system, since there are no chains or gear teeth, it would not have been as safe as a direct roller system.  Once again, if a pulley and belt system had been chosen for this project, part of the design of the human power mechanism, or the selection of such device if one is purchased, would have involved computing the pulley ratio in order to optimize the generator’s power production.  Below are the equations that would have been used in such a calculation where pr is the pulley ratio, r is the radius of the smaller pulley attached to the generator’s shaft, R is the larger pulley driven by the pedal mechanism, rpm is the revolutions per minute of the smaller pulley and RPM is the revolutions per minute of the larger pulley.  Also below, in Figure 4.1.6B, is an example of a typical configuration of a bike generator with a pulley system.
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Figure 4.1.6B Typical Pulley System Configuration

Image courtesy of http://pedalpowergenerator.com
Reprinted with permission of Pedal Power Generators LLC

One option that was under consideration was building a device to use as the human power mechanism.  Since the device wouldn’t have had to have been more than a “bare bones” stationary bike, the team considered building a simple pedal and gear mechanism mounted on a stand.  An advantage of building a device would have been the ability to design a device that matches the desired size criteria.  Since the device was only to be used to drive the generator, it could have been designed without concerns of additional features such as display panels and adjustable tension, thus not requiring the additional size that these types of features would require.  Designing and building the device could also have had the advantage of optimizing the turn ratio as the larger gear or pulley driven by the pedal mechanism would have been selected by the design team as opposed to a purchased piece of equipment which would have come with a manufactured gear or pulley system.  One disadvantage to building the device was in potential complications of construction.  The members of the design team are not skilled in metal work or welding, so the construction of the frame could have proven to be problematic.  Cost was also considered a disadvantage in this case as stationary exercise bikes are readily available at most flea markets, garage sales and discount stores at relatively low costs.  Even if it had been found that the parts needed to build a device would cost less monetarily, the extra time that would have been spent in constructing such a device outweighed the monetary savings.

Originally, the more likely option in acquiring a human power mechanism for The Green Box was the purchase of a manufactured stationary bike.  The selection process would have most likely included finding one that was manufactured with a wheel, pulley or gear driven by the pedals as opposed to the exercise cycles that are nothing more than a pedal system mounted on a frame such as the Stamina InStride Cycle XL, at a cost of $34.09 on Amazon.com, as pictured below in Figure 4.1.6C.  A device such as this does have the advantage of being very compact and one of these devices could be purchased and modified to fit the needs of The Green Box, however, any monetary costs savings most likely would not outweigh the time that would have had to have been spent in modifying the device and the potential problems that could have arisen in such a task.  
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Figure 4.1.6C Stamina InStride Cycle XL

Image courtesy of www.staminaproducts.com
Reprinted with permission of Stamina Products, Inc.

A traditional exercise bike or a recumbent exercise bike could also have been considered, however, these types of bikes could have severely limited the proposed advantage of portability of the system.  An advantage to using a larger bike, though, is that the larger exercise bikes generally have a larger built in wheel, gear or pulley.  A bike such as the Weslo Pursuit 4.0, pictured below in Figure 4.1.6D, could also have been modified in an effort to reclaim some portability of the system.  The seat, display and shaft could have been removed along with any electronic equipment inside of the case making it lighter and smaller.  Though modifications could have been made to make this type of device a more attractive option, it would most likely have only been considered if one could not have been acquired from a flea market, garage sale or donation for little to no cost.
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Figure 4.1.6D Weslo Pursuit 4.0 Exercise Bike

Image courtesy of and reprinted with permission of www.iconfitness.com
Another option considered, if purchasing an exercise bike had been the chosen direction, was a mini exercise bike.  Such a device would have been a better option than a traditional exercise bike, in terms of size, as its compact design lends itself to the portability aspect that the design team was originally seeking for this portion of The Green Box without having to make major structural changes to the device.  Another advantage of using a mini exercise bike as opposed to a traditional or recumbent exercise bike would have been cost.  While a mini exercise bike would be more expensive than a simple peddler, such as the Stamina InStride Cycle XL, it would be considerably less expensive than a traditional or recumbent exercise bike if purchased new.  One disadvantage, the significance of which was determined in the generator design phase, came in the mini exercise bike’s pulley or gear size as it would have been smaller than that of the traditional or recumbent bike.  A device such as the Isokinetics Deluxe Pedal Exerciser, pictured below in Figure 4.1.6E, at a price of $73.64 new from Amazon.com, was an option considered for use in The Green Box.
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Figure 4.1.6E Isokinetics Deluxe Pedal Exerciser
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Green Box Housing

There are three basic housings to be investigated for the Green Box. Polycarbonate (Plastic), Fiberglass, and a basic computer case will all be examined as housing for the generator. Requirements for the Green Box state that it must be easy to store, portable, yet large and sturdy house the entire charging system. 

Polycarbonate (Plastic)

Polycarbonate casings are versatile, cheap and easily produced. Plastic housings have no direct electrical connection between the housing and a metal carrier body, which means it will be safe for housing the generator. As they are easily molded, if the Green Box were to go into production, this option will need to be seriously considered as it can be manufactured for optimal space usage. Because the motivation for this project is alternative energy, it would be an added bonus to manufacture The Green Box out of recycled materials. Plastic housings and cases can also be configured for waterproof casings. Figure 4.1.7A shows an example of a polycarbonate, portable, waterproof case, ideal for a portable Green Box.
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Figure 4.1.7A Polycarbonate Casing Possibility
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Fiberglass

Fiberglass housings and casings are commonly used for musical instrument carrying cases. Fiberglass is non-flammable, making it safer than polycarbonate should an electrical fire start. They are extremely durable, as they do not warp, rot, contract, expand, dent, corrode, shrink or crack. Fiberglass cases can also be watertight and moldable to certain dimensions. Fiberglass boxes tend to be expensive and heavy. A Hoffman ® 24.19x24.19x12.00, weighing as much as 39 lbs, case’s list price is $1417.00, well beyond a reasonable budget for this project. Though fiberglass is a safe and extremely durable option for a casing, its high cost is enough to bust budget, and its weight limits the mobility and lightweight design of The Green Box.

Computer Case

A computer case is a simple and reasonable solution for a prototype of The Green Box. They can be very large, lightweight, have fitted locations for exhaust fans, outputs and inputs, and portable. However, it will be difficult to find a computer case that meets the size requirements for the batteries explored for the project. A computer case, also, is not weatherproof. Although it would be an inexpensive and easy case to use for a prototype, it may not be the best pick for manufacturing of a product. Computer cases can be found for as low as $20.00. However, as mentioned before, a case that will fit the size of the battery can be expensive and hard to find. Again, this ultimately limits the options for casings and makes Polycarbonate cases the best option for ultimate project production.
Message Display

There were a myriad of possible ways to display information to the user of The Green Box.  The goals of the project were to display diagnostic information to the user such as indication of charge level, real-time status of all current flowing in and out, and indication as to how much money has been saved over time.

The three possible types of message displays that were considered for use by The Green Box project team were an Alphanumeric LCD display, a Graphical LCD display, and an LED Light Bar System(aka an LED Bar Graph system).  One other type of display system that was briefly considered was one where the user would simply be provided with a series of LEDs to indicate status.  In such a system, a green LED might indicate full charge for example, while a red LED might indicate a fault condition.  It was decided that such a simple system of indicator lights would not provide the desired level of detailed information to the user, and it was determined that further research on such a system would be fruitless.

Many different factors were considered when contemplating which type of display to use on The Green Box.  These factors included, but of course weren’t limited to, the following:  the type of information that can be displayed, the supply voltage required, the temperature range in which the display can properly operate, power consumption, backlight shutoff capability(to conserve power), and type of communication required to drive the display.  With most components cost was a factor as well, but all of the displays that were looked at were so inexpensive that cost wasn’t considered to be a factor that would be heavily looked at.

Research was first done on Alphanumeric LCD displays.  A typical example of this type of display is shown in Figure 4.1.8A.
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Figure 4.1.8A Typical Alphanumeric LCD Display
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One of the biggest advantages that was quickly noticed in regards to Alphanumeric LCD Displays is the fact that literally thousands of choices are available in the marketplace.  This type would be more than capable of displaying all of the types of information that the team was trying to convey to the users of The Green Box.  They are available in a wide array of required supply voltages, although 5V versions seem to be the most common by far.  Since The Green Box system was to operate at 12V, this required the team to have a 12V-5V regulator, but it was determined that this wasn’t an issue since there would already be one for the microcontroller.  Operating temperatures that were available ranged from -20 degrees Celsius to +70 degrees Celsius.  Having such a wide array available was also a nice advantage of this type of display.  Low power consumption was also a nice advantage of these displays as it always measure in the mW scale, which is well below what The Green Box will be capable of supplying.  The ability to have a backlight that can be switched off to conserve even more power also seemed to be a readily available option on these alphanumeric displays.  Many different communication protocols were also readily available.  This means that no matter what microcontroller architecture that the team chose that a suitable display could be easily found.

Research was next done on Graphic LCD displays.  A typical example of this type of display is shown in Figure 4.1.8B.
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Figure 4.1.8B Typical Graphic LCD Display
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A big advantage of this type of display was it’s flexibility to display all sorts of wonderful information such as bar graphs in addition to text.  Like the alphanumeric displays, these graphic LCDs also were readily available with a myriad of options.  However, these displays required an interface chip that must be integrated with whatever microcontroller that The Green Box employs.  The learning curve associated with such integration was deemed to be an unnecessary challenge to the team, especially given that the extra functionality associated with this display may not have been necessary.  Much like the alphanumeric displays, the graphic displays were been found to be available in many supply voltages, with 5V being the most common.  Operating temperatures available were found to be slightly better than the alphanumeric displays, with ranges from -30 degrees Celsius to +85 degrees Celsius.  Low nominal power consumption and the ability to switch off the backlight is also pretty standard in these displays.  

The last type of display researched was an LED Light Bar system, which is also commonly referred to as and LED Bar Graph indicator.  A sampling of this type of display is shown in Figure 4.1.8C.
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Figure 4.1.8C Assortment of LED Light Bar Indicators
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The obvious drawback to this kind of display was that while it may be wonderful for use as a battery level indicator, the lack of alphanumeric capabilities would limit the type of diagnostic information that can be conveyed to the user.  While this type would have been extremely easy to implement into The Green Box, and it is available in many styles, the group decided that its shortcomings were too great in order for it to be used in the project. 

Power Inverters

The battery of The Green Box provides a dc supply to the outlets and other components of the box which require power.  While this dc supply will suffice for the dc outlet and the other components of the box, the power supplied to the ac outlet obviously had to be converted.  To convert the direct current supply from the battery to the alternating current required for the ac outlet, an inverter had to have been designed and implemented in The Green Box.  The process of the inversion is completed in two steps.  In one step the direct current source is converted to an alternating current waveform. In this step, the portion of the circuit responsible for the dc to ac conversion is designed based on the desired output’s waveform shape and frequency.  This can be performed using devices such as BJT transistors, MOSFET transistors, other switching devices, a 555 timer or other such logic.  The other step in the power conversion process involves stepping-up the voltage through the use of a transformer or a boost converter.  Though a boost converter is less expensive than a transformer and would make the circuit considerably smaller and lighter, it is also less efficient and more difficult to control, requiring additional circuitry for stabilized control.  For these reasons a boost converter was not used in The Green Box and a transformer instead would have been used to step-up the voltage in the dc to ac inverter.  In the selection process for the transformer, the maximum deliverable power from the inverter would have to have been determined.  The transformer and transistors would then have to have been selected as such to have provided the required maximum supply power.  For the purposes of this project, the desired ac output of the inverter was to have been 120 volts/60 hertz and the dc input to the inverter, from the battery, was to have been either 12 volts or 24 volts.  

There were three basic types of dc to ac inverters to have been considered for use in The Green Box.  These types are:  square wave inverter, the modified sine wave inverter and the pure sine wave inverter.  Square wave inverters were the first type of dc to ac inverters made and are currently scarce, if not obsolete, in retail.  They are the simplest of the inverters in terms of design and implementation.  While this type of inverter is the simplest and least expensive to build, it is not without its disadvantages.  They are comparatively inefficient, as opposed to pure sine wave inverters, as their large first harmonic, which is a characteristic of square waves, result in a rather high total harmonic distortion, or THD.  The total harmonic distortion is defined as the square root of the sum of the squares of the harmonic voltages divided by the fundamental voltage.  Another problem connected with square wave inverters is in that inductive loads should not be operated by the square wave supply as the abruptness of the changes is the supply waveform can be damaging to the load, which can then, in turn, be damaging to the inverter’s components.

A modified sine wave inverter, also referred to as modified square wave inverters due to its hybrid output waveform, would be the next step up in terms of efficiency and compatibility.  They operate by passing varying levels of DC voltage during each half cycle remaining at each level for specified time durations such that the resulting average power and rms voltage mimics that of a sine wave.  This “leveling” process results in a staircase waveform which is a cross between a sine wave and square wave in shape.  These types of inverters are more efficient than square wave inverters and their delivered power is consistent enough to run most devices, though they can still be prone to equipment damaging current spikes.  They also have a lower THD than square wave inverters.  While this results in a cleaner signal capable of operating a wider variety of devices, other distortion sensitive equipment and inductive loads still may not operate correctly, or possibly at all, with power supplied by a modified sine wave inverter.  Building a modified sine wave inverter also requires more components then a square wave inverter resulting in a more complex and costly design.

The third type of inverter considered for use in The Green Box was the pure sine wave inverter.  These types of inverters produce a sine wave output identical to that of the power supplied by a home’s electrical outlet.  The main advantage to using a pure sine wave inverter is that any type of device, regardless of the distortion sensitivity or inductive characteristics of the load, can be operated by it as they produce the most consistent waveform output resulting in a more efficient conversion process.  This leads to electronic devices, such as television and audio equipment, operating with less audible and electric noise.  Once again, though, the increased efficiency comes at a price.  The design of a pure sine wave converter is more complex and costly than that of the modified sine wave inverter.

Another option considered was acquiring a manufactured inverter and incorporating the device in The Green Box.  This option would have been advantageous in time savings, but would be considerably more expensive than building one “from scratch”.  One such option was Xantrex Technology Inc’s XPower Inverter 300.  This product converts a 12 volt DC supply to a 120 volt, 60 Hz AC modified sine wave signal with up to 300 watts of usable power and a surge capacity of 500 watts.  This product is shown below in Figure 4.1.9A and retails, along with other similar products, between $125 and $175.  If a pure sine wave was the desired AC supply, then the PROwatt SW 600, also from Xantrex Technology Inc, could have been an option.  It provides up to 600 watts of continuous power at 60 Hz with a surge capacity of 1200 watts.  It is also converts a 12 volt DC input to a 120 volt AC supply and retails, along with other similar products, between $180 and $225.  This product is shown below in Figure 4.1.9B.
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Figure 4.1.9A XPower Inverter 300
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Figure 4.1.9B PROWatt SW 600
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If it had been decided that a power inverting circuit was to be built as part of the project, then a square wave inverter would have been the most likely choice.  Because The Green Box was an early model prototype and the design, build and testing time frame was somewhat limited due to the length of the semesters; the limitations of a square wave inverter, compared to the performance of a modified sine wave inverter or a pure sine wave inverter, could have been acceptable trade-offs to the design team when weighed against the expected time and cost savings.  Figure 4.1.9C below is a schematic of a possible inverter for use in The Green Box.
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Figure 4.1.9C DC/AC Inverter Schematic

Courtesy of http://hobby_elec.piclist.com/index.htm

Reprinted with permission of Seiichi Inoue

This inverter, as designed, will convert a 12 volt DC input to a 110 volt AC square wave and will produce a maximum of 120 watts.  It uses two HEX inverters, IC1, and a variable resistor, VR1, as part of the oscillator circuit which outputs a square wave in the frequency range of 49.2 Hz to 93.9 Hz at point 1 on the schematic.  This signal is the opposite phase of the inverter’s output and is used to control the switching circuit.  To produce the required 60 Hz frequency, the variable resistor, if all components were ideal, would be set to 1.24 kΩ.  However, since there are variations in the rated values of the components, the actual setting of the variable resistor would have to be made using a testing procedure to produce an oscillator output of as close to 60 Hz as possible.  The following equation was used to calculate the output frequency range of the oscillator.
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The switching circuit in the referenced square wave inverter consists of two silicon P channel MOS FET high speed power switching transistors, TR3 and TR5, and two silicon N channel MOS FET high speed power switching transistors, TR4 and TR6, controlled by the antiphase of the square wave oscillator.  The transistors are installed as to provide an ON condition for TR3 and TR6 upon receiving a low level input and to provide an ON condition for TR4 and TR5 upon receiving a high level input.  Receiving the opposite level input would then provide an opposite condition for the respective transistor.  Figure 4.1.9D below is a depiction of how the switching circuit of the inverter will operate. 
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Figure 4.1.9D Switching Circuit for DC/AC Inverter

Reprinted with permission from Seiichi Inoue

Regardless of the type of inverter that was chosen for this project and regardless whether it was decided that the inverter was to be built or bought, it had to be decided how much power was to be available at the AC outlet.  This decision was based on the storage capacity of the battery, the speed at which the battery is capable of recharging and the expected level of power generation from the various sources.  Since it had been decided that the inverter was to be purchased, then it was primarily a matter of selecting an inverter with the desired power output rating.  If a square wave DC to AC inverter was built as a part of this project and if this design had been used to build said inverter, it would have had to have been decided if a maximum of 120 watts was a sufficient output.  If not, then there would have had to have been some changes to the proposed design, including:  selecting a different transformer, one rated for more than 10 amps, adjusting the values of the circuit components to produce the desired current and selecting components, such as the transistors and fuse, rated for the desired current.  The design team continued to explore alternative options for use as the DC to AC inverter in The Green Box.  The final decision on the type of inverter to use was based on factors such as price, feasibility and function with function being the most heavily weighted factor.

Exhaust Fan

An unfortunate byproduct of energy production, which is heating inside of the Green Box’s case, needed to be considered. It was determined that it would be a wise decision to include an Exhaust Fan into the project design. This research was used to look into the costs and benefits of having an exhaust system, as well as different types.

Most computer exhaust fans are used to either circulate cool air into the case or vent hot air out. A two 80mm exhaust fan system is ideal for this because one would drain the heat while the other brought cool air into the system. The Vantec Stealth SF802 80mm PC Case Cooling Fan runs off of a 12V DC power supply and draws 0.1 Amps which produces a 27 CFM (Cubic Feet per Minute) air flow. Given the size of The Green Box, a small exhaust fan can lower the temperature of the box by 1 – 2 °C. The Stealth SF802 is priced at $7.99 per unit on www.xpcgear.com. 

Since a microcontroller was used, it was determined to be beneficial to include at least one fan so that product life may be extended. Also a microcontroller could turn the fan on and off as the temperature fluctuated inside The Green Box. 

Microcontrollers

The use of a microcontroller was a large issue. It dictated the type of display system, as well as the types of sensors and digital I/O that could be incorporated.  This section will describe the benefits to a microcontroller, as well as the benefits to not having used one.  It will go over cost and efficiency, as well as any further uses of microcontrollers.   

Microcontrollers are often referred to as embedded controllers and run any number of consumer electronics.  They are a principal electronic component used for managing options and features.  They have a range of capabilities but are usually dedicated to one task.  This brings an interesting component to the discussion as The Green Box.  The first need for a microcontroller could have been to regulate the incoming energy and create a Power Factor Correction Circuit.  The second need for a microcontroller would have bene to run some sort of display for a user to know the current status of The Green Box.  The microcontroller also was ultimately used to read current sensors, battery voltage, and a temperature sensor.  It was then able to display this information and make control decisions based on this data.

Microcontrollers are often low-power devices and might consume 50 milliwatts.  They are often always associated with LED or LCD displays as they have the ability to store pre-stored strings of data or text.  Microcontrollers are typically low cost and do not take up very much room.  This meant two things: the size requirements of The Green Box will not be altered drastically, if at all, due to the addition of microcontrollers.  Secondly, it would not hurt the budget.  Texas Instrument’s top of the line Delfino microcontroller runs at $15.50.  This, of course, had many features and capabilities and would, honestly, be better fit in a major control system.  As for the needs of The Green Box, a more reasonable priced and performing microcontroller would run at estimated costs of $5-6 per unit. 

The most obvious use for a microcontroller for The Green Box would be an external LED or LCD display.  In this case, it would make perfect sense as they can, at the very least, turn on LEDs to display the charging status of The Green Box.  At this level, a very basic LED could have been used.  If it was The Green Box’s group decision to purchase a microcontroller and program it, an ideal purchase would be an 8-bit processor.  Discussed below are a couple of basic 8-bit processors, their features and prices.

When looking for a microcontroller for The Green Box, a few areas were to be examined. First and foremost, programmability was looked over. Though eventually any microcontroller that went into The Green Box would have a set program, it was important to consider how difficult it is to program and reprogram for testing purposes. For this reason, a controller with EPROM or internal flash program memory was to be considered. After a working design had been tested, only then should the group consider a one-time programmable chip.

Since this microcontroller would be running any display chosen, it needed to be capable of the necessary current flow. For this reason, the microcontroller had to be picked in tandem with whichever display was picked. This proved to be an important step in picking the appropriate microcontroller.

Because there are a plethora of Power Factor Correctional Controller Integrated Chips (PFC IC’s), it wasdecided to research them separately as they have already been manufactured, test, and produced at low costs. This section only deals with controllers for an external display, and the appropriate sensors that we would ultimately incorporate.

Memory is of major concern to any microcontroller picked. Several things must be considered, such as what the microcontroller will be used for. What kind of programming will it take? How many instructions are available in its programming language? This leads into what type of architecture the microcontroller uses. This includes questions whether a chip can execute code out of data memory, and if peripheral equipment is treated like memory or registers, and how general purpose the registers can be. These questions amounted to the question of “what architecture will best suit The Green Box’s needs?” On top of the architecture the chip would use, some chips may use different assembly software which may require purchases or free trial downloads. It would be important to examine, ultimately, if the chip’s coding language matches available software.

This being said, in order to reiterate the needs of this controller, a list has been compiled to show what The Green Box is looking for in a microcontroller:

· Can the chip be reprogrammed easily?

· Does it have the ability to run current and operate either an LCD or an LED display?

· Does it have very low power consumption?

· How does the microcontroller treat external displays (AKA: as registers or memory dumps?)

· Does the available memory fit the amount of room necessary for the estimated level of programming?

· What kind of programming architecture does the microcontroller use?

· What kind of software is required for programming the microcontroller?

· Did the microcontroller have 6 Analog-to-Digital converters, as required for out various analog sensors?

The 68HC11 is a microcontroller is designed for operations of up to 4 MHz and low power consumption. It has two 8 bit accumulators capable of accumulating into a single 16 bit, as well as two 16 bit registers. It also has a condition code register, a 16-bit stack pointer, and a program counter. Originally designed and made by Motorola, it is now built by Freescale Semiconductors. This is a very adaptable and resourceful option as it has many different features and variants. A 68HC11 can come with up to a 1 Mb addressing memory. Higher bit options (ranging from 256 bits to 768 bits of RAM) are a little excessive for the purposes of controlling a simple display. The 68HC11 has many different programming options available, with a free option being the THRSim11 available from any number of sites as a trial version. This is a standard programming language based on the use of the three accumulators.  This processor’s bootload was originally called “BUFFALO”, an acronym for “Bit User Hast Friendly Aid to Logical Operation”. The many different versions of the HC11 include different numbers of external ports. The important part about the HC11 is that some versions, B and C, can operate with an external memory. B and C HC11’s use address and data bussing. When operating this way, Port C of the HC11 carries both the lower byte of address and data. This is important to note since the use of an external device, such as an LCD, may be required when using an HC11. The HC11 is capable of turning on outputs of LEDs, but may not run the power required for a LCD. It will use ASCII coding, which can be beneficial to the group’s potential use of LCDs. This means that if an external LCD is used, it will need to be powered separately. Overall the Freescale Semiconductor’s 68HC11 is an excellent choice for the coding involved in this project.  The boards are relatively small and can handle great workload. The RoadRunner 68HC11 board system is available for purchase at $39.00 with an educational discount price.

The 8052 Microcontroller was another possible option for use in The Green Box. It uses an MCS-51 standard instructional set, which is compatible with a lot of other microcontrollers offered in today’s semiconductor industry. This being said, there are plenty of free trials for compilers and programming software available for use and even more tutorials and resources for help, if needed. Most 8052 developers use PC based software and use EPROM programmers to transmit the data to the actual microcontroller, while many modern 8052’s have internal EPROM or internal Flash memory and can be compiled to a 8052 board with a serial port. C++ compilers are available for the 8052, though most are ‘C’ and Assembler based languages great for use with the 8-bit 8052. It is important to note that in addition to the hardware above, the 8052 microcontroller requires its programs to be saved in pure ASCII coding and that once a source code is written, it will need to be assembled into an “Intel Hex” file. To tag along with the idea that The Green Box may need a fan, the 8052 microcontroller has software available so that it can determine temperature. It is a temperature sensor that can ultimately turn on an exhaust fan, if so desired. 8052’s are not inexpensive, however, and an educational kit “Single Board Computer” can run up to $299.00 fully assembled and tested, where as build it yourself kits can be $199.00. Though the versatility of this board means that it was a great choice for running a display system and possibly an exhaust fan, cheaper options were available.

Texas Instrument’s offered the MSP430 micropower microcontroller and can come in as USB systems as cheap as $20.00. It uses a 16-bit RISC architecture language and mixed signal processor. According to the Texas Instruments website, the MSP430 is “the ultimate solution for battery powered measurement applications.” This low cost system may have proven extremely useful in The Green Box’s goals of determining the level of charge and displaying that information on an LED display or Liquid Crystal Display. This system simultaneously interfaces to analog signals, sensors, and digital components. Typical applications include utility metering, intelligent sensing, and consumer electronics. The 16-bit RISC CPU is capable of being used with peripheral external components and has a built in clock system. Complete development tools (meaning software, compiler and unit) are offered by Texas Instrument as low as $20.00, while individual devices can be found for as low as $0.49. This is an extremely good option for use of a microcontroller in determining the charge of the Battery and controlling an LED display.  Cost effective and practical, this competes with the versatility of the Motorola 68HC11.

A PFC circuit is commonly found in devices with high wattage, but can come in any size.     In the case of The Green Box, initial power specifications had realistic expectations of 1440 Watts/day as a goal.     Combined with a Deep Cycle, Absorbed Glass Mat Battery, the Green Box and three power sources, the amount of energy charging the battery is incredible.     Even though it had already been determined that the Green Box may use full wave rectifiers in order to increase efficiency, it might have been beneficial to use a switching mode power supply (SMPS) with a power factor correction circuit (PFC).     A PFC circuit featuring a microcontroller would be best placed inside the housing of the display to be used.

Figure 4.1.11A below shows a SMPS with a PFC and microcontroller in a possible configuration for a display interface.
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Figure 4.1.11A Possible Microcontroller Configuration

 Permission for use pending from Hannu Virtanen

The question, ultimately, became whether or not to include a Microcontroller as a PFC or as an individual controller to be hooked up to an Liquid Cyrstal Display or a Light Emitting Diode Display.  To illustrate the decision making process, a few example microcontrollers open for purchase have been discussed above.  Microcontrollers can be used for a variety of things.  Microwave ovens use them as their computer; there are hundreds inside jumbo jets.  They are versatile and can be relatively inexpensive. Such options as the Motorola or Freescale Semiconductor’s 68HC11, any brand of 8052-microcontroller, or a Texas Instruments MSP430 can be used and control, easily, any computer functions embedded in The Green Box. Looking specifically at utility monitoring, the TI MSP430 is reliable, cheap and is low power consuming. The 8052 can be used to check power of the device, but can also be used to turn on exhaust fans as well as run coding for an LED. An 8052 can be extremely expensive, however. A Motorola 68HC11 is versatile. It is found in any number of consumer electronics and can handle the coding required for The Green Box’s external display. It may also be able to turn on an exhaust fan.  

However, if a microcontroller was used for an individual PFC for a liquid crystal display, it would have been a waste.  The LCDs or LED display would draw so little power and would not effect the overall power storage at all.  Assuming that the battery can store its power for a great amount of time and that any display would be used when the battery is under operation, it would make little to no sense to have included this type of microcontroller.

Beyond this, it was much more feasible, economical and reasonable to find one microcontroller that could do everything including controlling the display, reading analog inputs, and also controlling digital input and outputs.

Power Factor Correction 

Text In the case of The Green Box, the goal is to store power efficiently and quickly.    It must have the ability to efficiently take power from the Human Power Generator, the Wind Power Generator, and the Solar Cell array and store it in the battery.    It must effectively use the power driving the system in order to maximize the speed of charging.    A person using the Green Box will be in need of power that does not take hours to trickle charge.    In order to aid the “Zap Charge” of the Green Box, several different circuits and filters are being considered to assist in the efficiency of power generation and storage.    One such method is Power Factor Control Circuitry.   

Power Factor Control can be achieved passively or actively.    Power factor is defined by the ratio of real power to apparent power.    Because it is a ratio, the power factor is defined as a number between 0 and 1.    Ideally, a completely in phase load will have a Voltage, Current, Power and Average Power as shown below in AC voltage and current example in Figure 4.1.12A.    This section will look at Passive and Active Power Factor Control Circuitry.    
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Figure 4.1.12A Graph of In Phase Load

Permission Pending

Passive Power Factor Control is the simple usage of a filter, like the one found in Figure 4.1.12B below.    A simple filter reduces the harmonic current and makes a non-linear load act like a linear load.    Power factor can then almost be unified through the use of capacitors and inductors.    
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Figure 4.1.12B Passive Power Factor Control

 Permission for use from Brett Burleigh

Active PFC Circuits typically include a microcontroller and a set of capacitors, designs can get as intricate as shown in Figure 4.1.12C below.     This is the more preferable type of correction as it provides a more power efficiency, yet comes at a greater cost.     Theoretically, an Active Power Factor Control circuit can lower total harmonics and correct for AC voltage.     The added benefit to an Active Power Factor Control Circuit is that it can handle a large range of input voltages.     This can be ideal for improving the Green Box power delivery to battery upwards of 90%, if coupled with the correct components.     However, the negative of using this system to improve power input efficiency is cost.     

Most Active PFC circuits found in electronics today can be found in projection and display technologies.    They are found inside the casing and are set so that the high wattage units can be in phase with energy supplied by power companies.    This, in turn, cuts back on power costs by trying to lower reactive power:
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Where S is apparent power, P is real power, and Q is reactive power.    Through the addition of capacitor banks activated by microcontrollers, Q is minimized and real power and apparent power become more equal.    This makes power supplies more efficient as they try to match their loads.    In relation to The Green Box, this may make it easier to charge the Absorbed Glass Mat Battery more efficiently.    Because the Absorbed Glass Mat, Deep Cycle Battery is capable of a extremely fast power transfer and charging, a power factor controlling circuit may ultimately make the power transfer close to 90% efficient.    It will also compensate for lagging and leading currents.    If programmed correctly and matched with the appropriate set of capacitors and inductors, this has the potential of charging the battery in shorter time intervals.    
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Figure 4.1.12C Active Power Factor Control

Courtesy of FreeCircuitDiagram.com

An ideal Power Factor Correction circuit would composed of a reactive power control relay, a network connection array, several slow blow fuses, inrush limiting contactors, a series of capacitors in three-phase units with delta connection, and a transformer to control power.     This system, however, can be quite heavy and may not be as mobile as The Green Box is intended to be.   

Currently, Texas Instruments and Fairchild Rectifier offer power factor correction controllers on integrated circuits.    Texas Instruments offers 25 different types of integrated circuit PFCs capable of handling over 750 watts, two of which are designated for military use only.    Of these 25 different types of active power factor correction circuits, the specifications and cost/benefit analysis will be scrutinized to determine which, if any, PFC IC should be included as a main component of The Green Box.    Because the chips are manufactured in great quantity, the individual unit prices are low.    If the Green Box were to include integrated circuit chip PFCs, a combination of these microcontrollers would easily be the best option.    The key is to find the appropriate specifications for the units that may fit the design requirements for The Green Box.

Initial requirements for a Power Factor Correcting Controller Integrated Circuit (PFC IC) will be:

· Capable of in excess of 750W

· Operating Supply capable of 12V

· Lower startup current (Less than .3mA)

· High operating supply current (in excess of 1 amperes)

· Capable of operations in high temperatures

The Texas Instruments UC2854A is a versatile Power Factor Controller IC capable of handling high wattage.  It is a 16 pin SOIC wide package and also available for different temperature ranges, which may be of interest to The Green Box group since the Glass AGM battery is capable of generating excess heat.  This PFC IC is a wide bandwidth, low offset current amplifier, as well as a UVLO threshold options.  The startup supply current is extremely low, meaning that the moment energy begins trickling from either the human power generator, the solar panel, or the wind turbine, the PFC will be turned on and begin regulating voltage and phasing power.  A block diagram in Figure 4.1.12D below illustrates how the UC2854A is designed.  Individual variants of the C2854A run from $1.70 to $2.00 per unit.
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Figure 4.1.12D T. I. UC2854A PFC Controller IC

Permission Pending from Texas Instruments

The UC3855B is another TI PFC IC with specifications that may ultimately match future requirements for The Green Box.  It is capable of up to 20 V and includes a UVLO threshold for passing power through.  The PFC IC also has a lower start up current (0.15mA) and a high supply current capability (1.7A).  It is a 20 pin SOIC package, with a duty cycle of 95%.  Overall, this is a good choice for a lower cost high performance power factor preregulator.

The UC3854A controls boost PWM to within 95% of correct phase.  It also limits line current distortion to less than 3%.  It’s capable of up to 20Vs, and withstands temperatures up to 70° C.  It also includes a 10V/16V UVLO threshold.  However, it’s startup current is higher than the UC3855B (0.25mA with customers rating it to sometimes 0.3mA), and it will only carry at most 1.2A.  This can ultimately hinder the charging circuit of The Green Box as our goal is for relatively fast “zap” charging.

Texas Instruments recently released the UCC28019A 8-pin active PFC controller that uses boost topology operating in “Continuous Conduction Mode”.  The specification meets the requirements of The Green Box with a maximum duty cycle of 98% and the same active voltage thresholds.  It also was designed with the intent of operating within the 100W to 2kW range.  The startup voltage lockout is set to less than 0.2mA.  The UCC28019A also offers a peak current limit and open-loop detection.  It also protects the system against input-brownouts which may occur when dealing with alternative energy resources (such as wind, solar, and human power generation).  Because this controller si rated for such high wattages, it also has great temperature resistance (Operating up to 125° C).  This unit’s block diagram is shown below in Figure 4.1.12E.

[image: image35.emf]
Figure 4.1.12E UC28019A Block Diagram

Permission for Use from TI

The UCC28070 is an excellent PFCIC available from Texas Instruments.  It operates well within the originally specified goals for including a controller, and offers several features that may ultimately assist in the project.  This PFC IC was designed for desktop power supplies such as computers or televisions as well as being able to withstand the power loads of heavy industrial equipment.  It also can handle up to 2 Amps of operating supply current.  This means that if the Green Box was to be operating in great efficiency, this correctional controller will handle great loads of current.  At $4.39 a unit, this is a pricier active PFC controller.  The unit’s simplified design drawing is shown below in Figure 4.1.12F.
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Figure 4.1.12F TI UC28070

Permission Pending

The UC3854B is another possible PFC IC capable for use in The Green Box.  This controller has an operating current supply limit of 1.2mA.  It is a 16 pin SOIC chip that will make a duty cycle of 95% and operate after 0.25mA.  For high wattage Power Factor Correction Controllers, this option is extremely cost effective since it is priced as little as $1.50 a unit.  It accomplishes near perfect power factor unity by using average current mode control.  This means the current remains stable with low distortion and does not need slop compensation.  This is different from the options listed before, since they utilize peak current mode control that the user programs to the integrated circuit.

International Rectifier has several power managing option available for use in The Green Box. Their line of PFC’s are extremely small and capable of running systems greater than 200W. Each available IR PFC IC have the same list of specifications, and the decision becomes which one can handle the power load of The Green Box. For comparative reasons, the IR specifications will be discussed here. The largest of their PFC IC’s draws less than a 0.3mA of power. All of their IC’s will achieve a 0.999 power factor if used correctly and integrated to the entire system. This will mean that any power coming into The Green Box is almost certainly going to be used for charging the battery. Any of the International Rectifier PFC IC’s offers Peak Current Mode Control. This means that The Green Box can charge the absorbed glass mat battery using current control as opposed to voltage regulation. This might mean that any PFC IC used can be a major design feature for the charging system of The Green Box. Each PFC also have threshold logic allowing for protection against brownouts, applicable with soft starts, and output undervoltage. Each of these system security features will make sure that the battery is charging with the optimal input power settings, and that in order to charge the battery, a good steady current flow is required. Higher wattage power factor correctional controllers available from International uses OCC mode PFC technology in order to boast 40% less capacitors, elimination of current transformers, and 50% smaller PCB areas. In addition to being able to protect for peak current control, International Rectifier offers an Over voltage Protection pin for greater system protection. Each of their integrated chips are capable of handling  over 1.5 A currents, and are designed for 13-22 V operating ranges. Beyond this, these systems can also operate in high temperature (70° C). 

Fairchild Semiconductor offers the FAN4800I Power Factor Correction and Pulse Width Modulator is highly recommended for battery charging systems. The Fan4800I uses small, inexpensive capacitors and reduces power line loading on FETs. This controller offers leading edge, average current, boost-type power factor correction and trailing edge PWM. This average current system measures both current entering and leaving the controller in order to better control the power factor of the entire system. The Fairchild FAN4800I uses a gate driver (capable of 1A) that minimizes the need for external driver circuits. The startup current required is 100µA, while the operating current is 2.5mA. This device offers low harmonic distortion with a high power factor and reduction of ripple current in the storage capacitor. It also has built in brownout control, over voltage protection, UVLO thresholds and ability for soft start. It is available in 16-DIP and 16-SOIC packages. Fairchild electronics boasts that this PFC IC with PWM can be ideal for a high wattage battery charger. Below in Figure 4.1.12G is a block diagram of the Fairchild Semiconductor FAN4800I’s PFC section in relation to the pins.
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Figure 4.1.12G Block Diagram for an FAN4800I

© 2005 Fairchild Semiconductor Corporation

Because most super-efficient power factor controls are large, heavy and quite expensive, it may be overlooked for a prototype model. It is believed that the combination of Full-Wave Rectifiers and Charging Controllers will provide enough efficiency for the Green Box.  After considering many different types of Power Factor Controllers, it was ultimately decided that they will not be included in The Green Box.  Despite being able to put the sources in phase with the battery and charging system, the Green Box will charge efficiently without it.

Though initial design estimates conclude that the integrated circuit power factor correction controllers will be included, the group reserves the ability to include one at a later date if it is determined that a cost effective controller can be included in the design.

Full Wave Rectifiers

The Green Box includes a battery for power storage, charged by three different inputs; a human power generator, a solar panel and a wind turbine.  Since the power delivered to the battery for charging has to be DC, it stands to reason that the power generated from each of the inputs will have to be DC power.  If it had been decided that an AC generator was to have been used for the human power portion of this project, the AC output of the generator will have had to have been converted to DC power before reaching the storage unit.  To accomplish this task, rectification of the AC output would have had to have been performed.  Rectification is a process whereby alternating current (AC) is converted to direct current (DC) by passing the signal through a rectifier circuit.  Half-wave rectification if the most basic form of rectification.  In a half-wave rectifier circuit, half of the current waveform is allowed to pass, call it the positive half, while the other half cycle of the waveform is blocked, call it the negative half.  What remains is a pulsating DC waveform which is, in this case, purely positive.  Half-wave rectification can easily be achieved by placing a single diode, in series, between the AC supply and the load for each phase.  The designer of the circuit chooses which half, either positive portion or negative portion, of the AC waveform to pass simply through the orientation of the diode.  The DC voltage of an ideal half-wave rectifier can then be calculated by the following equation:
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While half-wave rectification is an easily implemented way of converting AC to DC, it would not have been the conversion technique used in The Green Box due to its inefficiency.  As was stated previously, the half-wave rectifier converts AC to DC, as its name suggest, by blocking one half of the waveform’s cycle.  Though this process performs its function as prescribed, in doing so, half of the signal’s available energy is wasted.  The preferred method of converting AC to DC in The Green Box would have been full-wave rectification.  In full-wave rectification, the circuit allows both the negative and positive half cycles of the AC waveform to pass, but the rectifier converts the whole waveform to a single polarity.  Again, as was the case with the half-wave rectifier, the polarity of the rectifier’s output is chosen by the designer through the orientation of the diodes.   The type of full-wave rectifier that will be utilized in this project is the bridge rectifier.  This type of rectifier uses four diodes placed in a bridge configuration and has an added advantage of producing the same output polarity regardless of the polarity at the input.  The DC voltage of an ideal full-wave rectifier can be calculated by the following equation:
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There are drawbacks to performing full-wave rectification relating to energy loss due to a voltage drop across the diode.  In half-wave rectification, the voltage drop occurring in the rectification process is simply equal to that of the voltage drop across the diode.  On the other hand, in a full-wave bridge rectifier, the voltage drop associated with the rectification is equal to the voltage drop across two diodes.  Even though the loss due to the voltage drop across the diodes in the full-wave bridge rectifier is twice that of the half-wave rectifier, the energy loss in the half-wave rectifier created by blocking one half of the AC cycle still results in a more severe loss.  

Another issue concerning rectification using diodes lies in the fact that the AC input to the rectifier must be sufficiently large to overcome the voltage drop across the diodes.  Even in waveforms of significant amplitudes, there comes a point in the wave where the signal strength is less than that of the combined voltage drop across the diodes and that portion of the waveform is blocked.  Small signals, those with a maximum amplitude of less than that of the combined voltage drop across the diodes, simply will not pass without amplification.  

The actual voltage drop across a diode varies by the type of diode selected, as well as slight variances between individual diodes of the same type.  For instance, a typical silicon p-n junction diode has a built in voltage of approximately 0.7 volts associated with it, generally varying between 0.5 and 1.5 volts, while a Schottky diode is typically associated with a built in voltage of approximately 0.3 volts, generally varying between 0.15 and 0.45 volts, making the Schottky diode a more efficient option.  Schottky diodes also have a switching time, the time it takes the diode to switch from non-conducting to conducting, at least 10 times faster than the reverse recovery time of traditional silicon p-n junction diodes.  Schottky diodes do have some disadvantages compared to typical silicon p-n junction diodes, though.  One such disadvantage is Schottky diodes have a relatively low reverse voltage rating and relatively high reverse leakage current which can lead to thermal instability.  Schottky diodes are also more expensive than typical silicon p-n junction diodes, though they are still relatively inexpensive, approximately 50 cents a piece.  Cost would not have been a factor in the selection of diodes for this project as, when compared to the project budget of The Green Box, the price of diodes was relatively negligible.  Therefore, it needed to be determined if the increased efficiency of the Schottky diodes would outweigh its disadvantages.  Otherwise, if an AC generator would have indeed been the option selected, typical silicon p-n junction diodes would have been used in the construction of the full-wave rectifier.

Another issue that had to be addressed when considering using an AC generator with a full-wave rectifier for the human power generation portion of The Green Box was output smoothing.  While the signal exiting the full-wave rectifier is a form of DC, it is not a constant voltage DC and suffers the effects of a pulsating DC voltage.  This can be somewhat rectified through the use of a reservoir capacitor placed parallel between the rectifier and load.  While this capacitor will filter the signal, giving the waveform a much smoother form, the signal will still suffer a ripple effect as the waveform still won’t be a constant-voltage DC signal.  The larger the capacitor, the smoother the DC output form becomes, however, this comes with the obvious trade-offs of size and cost.  The ripple can be further reduced with the addition of a capacitor input filter.  This consists of an additional capacitor parallel with the rectifier and an inductor in series between the capacitors.  While this will smooth out the DC signal to the storage device, it once again comes with the trade-off of size and cost and further complicates the design and implementation.  It should be noted, though, that a voltage regulator was to be used regardless of the type of generator selected.  This would help in the smoothing of the DC signal, thereby lessening the need to completely smooth the signal through the capacitor filters.  Therefore, the human power portion of this project was to be designed without a capacitor input filter, though this issue could have been revisited dependant on testing results of the generator and the ripple tolerance of the power storage device.

In addition to the rectifier that would have been required if an AC generator was selected, a second rectifier may have been required for use with the wind turbine.  Wind turbines can be designed to provide either an AC or DC output with some AC models delivered with built-in rectifiers.  Since the physical wind turbine was not to be designed as part of this project, whether or not a rectifier had to be designed for that portion was based solely on the turbine purchased.  Since it was equipped with a built-in rectifier, or a DC generator, then no further action needed to be taken.  If, on the other hand, it had been equipped with an AC generator and no built-in rectification, then steps would have needed to been taken to design and build another full-wave rectifier circuit.  The methodology for design would largely have been the same as that of the human power generation rectification circuit, though the specifications of the wind generator would have defined the design parameters.

Below is an example of a full-wave rectifier using silicon p-n junction diodes with a filter for output smoothing.  Also below are two examples of rectified DC waveforms, both generated by variations of the following circuit.  The first was achieved by disconnecting the reservoir capacitor, note the pulsating waveform.  The second was with the reservoir capacitor included in the circuit; note also that, while the output is much smoother than that of the unfiltered signal, there still exists a ripple in the output.  This circuit was modeled and simulated in Multisim 8.

[image: image42.emf]
Figure 4.1.13A Bridge Rectifier with Reservoir Capacitor
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Figure 4.1.13B Unfiltered Output of Bridge Rectifier
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Figure 4.1.13C Filtered Output of Bridge Rectifier

Voltage Regulation

While providing a DC source to the power storage device was certainly necessary, it was not the sole requirement for an effective and safe charging circuit.  Other factors that were considered were the charging voltage of the storage device as well as its current limitations.  These requirements are not only necessary for charging the battery, but operating outside of the manufacturer’s recommended range could damage, or significantly reduce the life of, the battery along with the other circuit components.  Therefore, voltage and current regulation had to be implemented in this project for each of the three input options.  Each input had to be analyzed independently to determine the best process of regulation for that individual input.  Some components, such as the solar panel or wind turbine, came equipped with built-in voltage regulators.  In a case such as this, it would only needed to be determined if the output from the built-in voltage regulator meets the requirements of the storage devices and matches the output of the voltage regulators served by the other inputs.

One method of regulation and DC to DC conversion that was examined is linear regulation or zener diode regulation.  In this method, a zener diode is placed parallel to the load, connected in reverse, and a resistor, acting as a current regulator, is placed in series between the output of the rectifying circuit and the diode.  With the zener diode featuring a constant voltage drop designed to meet the battery’s requirements, any increase in input voltage would result in an increased voltage drop across the resistor equal to the difference between the input voltage and the diode’s voltage.  For this to happen, the current through the resistor would increase, with the excess current flowing through the zener diode rather than into the storage device due to the fact that the storage device would be parallel to the zener diode.  Since the diode’s voltage remains constant for a given range of currents, the battery’s voltage will not change resulting in a constant current into the device.  It also should be noted that the input voltage to the regulation circuit should be higher than the desired charging voltage to insure a stable voltage across the zener diode.  For this reason, the diode selection process would not only have involved choosing a diode rated for the desired voltage, which would have been based on the requirements of the power storage device, but also confirming that the diode’s maximum current rating was sufficient for the maximum expected current in the circuit.  

The circuit also would have had to have been designed in such a manner that the minimum current through the diode would have been large enough to ensure that the diode was operating in the reverse breakdown region.  The minimum designed current should have been greater than the minimum zener current, which can be estimated to be approximately 1/20 times the diode’s maximum safe operating current.  The current regulation resistor design could be determined by the following system of equations where is is the current through the current limiting resistor, Rs, vcap is the average voltage across the reservoir capacitor of the rectifier, vz is the rated voltage of the zener diode, Vf is the turn-on voltage of each diode in the rectifier, Vrms is the rms voltage at the input of the rectifier, izmin and izmax are the minimum and maximum currents, respectively, through the zener diode and Pdissmax is the maximum safe power dissipation from the zener diode:
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After determining the value of the current regulating resistor, calculations can be performed to determine the total heat dissipation for the zener diode regulation circuit using the equations 
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.  The maximum heat dissipation from the resistor can be calculated simply by using the current through the resistor, is, and the resistor Rs.  The maximum heat dissipation through the diode can be calculated by using the current through the resistor, is, as this is the absolute maximum current that could flow through the diode, and the voltage across the diode., vz.  This total heat dissipation could then be used as a component of a heat gain analysis for The Green Box to determine if an exhaust/ cooling system would have been required and to ensure a safe operating temperature for the diode.

The efficiency and regulation of this type of linear regulator could be significantly improved with the addition of an emitter follower stage.  In such a case, the transistor is connected to the regulator so that the base current of the transistor forms the zener diode load current, which would be significantly less than the load current.  It should be noted, though, that there would be an additional voltage drop between the zener diode and the power storage device due to the transistor’s VBE drop in this type of circuit.  Due to the addition of the transistor, the formula for determining the current limiting resistor is different than previously stated and there is an additional transistor base current to consider.  Below is the revised equation for determining the resistor, Rs, size and the transistor base current, iB, where hFE(min) is the minimum acceptable DC current gain from the transistor and iL is the required load current as well as zener regulator circuit schematics, for possible use in this project, both with and without an emitter follower stage modeled in Multisim 8.  Note that in the equation for the current limiting resistor iB is multiplied by 2; this is to ensure that Rs is not so large as to prevent an adequate base current.  Without this constant, the value of Rs would be considered a maximum value.
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Figure 4.1.14A Linear Regulator

 [image: image55.emf]
Figure 4.1.14B Linear Regulator with Emitter Follower

Linear regulation using zener diodes, with or without an emitter follower stage, would be a low-cost option as the components (a resistor, zener diode and a transistor) are all inexpensive.  It is also provides reliable results, providing that a quality heat rejection system, such as heat sinking and exhaust fans, is used if the heat load analysis proves one necessary.  A third advantage to linear regulation using zener diodes is that the output voltage provided by the regulator is low-noise.  Finally, linear regulation is a simple voltage regulation option in both implementation and design.  This method of voltage regulation is not without its disadvantages, though.  Linear regulators are inefficient, even with an emitter follower stage, especially if the voltage drop between the regulator input and storage device is large.  The loss of energy in the system results in the dissipation of heat through the components which could have led to component damaging temperatures within The Green Box.  This heat, therefore, would have had to have been removed from the box which could have led to the need for a more expensive and complex exhaust/cooling system.  Another disadvantage to linear regulators is in the fact that the voltage can only step down from the regulator’s input, or the rectifier output, to the regulator’s output.  The voltages that the input sources will produce as well as the voltage required for charging the power storage device will need to be confirmed in order to determine if this type of voltage regulation is a viable option for this project.  If it is expected that there will be a large voltage difference between a source and the battery, or if it is expected that there will be a large current supplied by the source, then linear regulation probably won’t be used due to the inefficient operation in such circumstance.  Also, it is determined that a supply voltage will be lower then that of the charging voltage, this type of voltage regulation won’t be used in the charging circuit as per the voltage requirement of the zener diode.   

A second means of voltage regulation though the use of DC to DC converters that was explored is switched-mode conversion.  These types of conversion circuits are composed of inductors, capacitors, diodes and transistors.  The regulation of the output voltage is realized by adjusting the duty cycle, the ratio of on/off time, of the transistor while taking advantage of the energy storage property of the inductors and capacitors.  Even though the circuitry for switched-mode converters can be more complex and expensive than that of linear converters, switched-mode conversion is considerably more efficient, in the range of 85% to 98%.  This can be attributed to the fact that switched-mode converts are operating the transistors only in their on/off (saturation/cut-off) modes while linear converters operate in the active region of the transistors.  The higher efficiency results in less power loss, less heat dissipation, which would reduce the size of, if not the need for, an exhaust/cooling system for the box.  A disadvantage of switched-mode converters, as compared to linear regulators using zener diodes, is in the amount of electronic noise created by the converter.  It had to be determined if any of the circuitry in The Green Box was noise critical, and if so, the noise threshold would need to have been determined along with the amount of noise produced by the converter.

One type of switched-mode converter is the step-down converter, or the buck converter which performs a self-regulated voltage reduction without the wasted energy associated with voltage dividers or linear voltage regulators.  A buck converter circuit simply consists of two switches controlling an inductor and a comparatively large capacitor for filtering the output.  If used in this project, the switches will consist of a transistor and a Schottky diode, which would be more efficient than a typical silicon p-n junction diode. The transistor can be either a standard BJT transistor or a MOSFET transistor, with the MOSFET having an efficiency advantage but a cost disadvantage.  The voltage gain of a buck converter is equal duty cycle which is defined as the ratio of the ON time of the transistor to the switching frequency.  Because the input/output voltages and the load current will be determined by the design of their respective components, the only component in the step-down converter that needs to be designed is the inductor.  Below is the series of equations that would need to be used in determining the size of the inductor where D is the duty cycle which is equal to the voltage gain of the converter, Vout is the desired output voltage of the converter, Vin is the supplied voltage to the converter by the source, Lc is the converter’s inductor at the critical inductance level, RL is the load resistance and fs is the converter’s switching frequency as well as a schematic of a buck converter, modeled in Multisim 8, for possible use in this project.  
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[image: image58.emf]
Figure 4.1.14C Step-down (Buck) Converter Schematic

Though a buck converter was not be used in the charging circuit of The Green Box, it could very well have been used in providing power to other components within the box that happen to require a smaller voltage than what the battery will supply such as a microcontroller or exhaust fan.  The buck converter’s efficiency, and therefore reduced heat dissipation, could have been a more attractive option than the less efficient linear regulator.  It had to be determined if this benefit of a buck converter outweighed the advantages of simplicity, low cost and low-noise operation of a linear regulator.

Another type of switched-mode converter that was to be considered for The Green Box is the step-up converter, or the boost converter.  The components that are used in the implementation of a step-up converter are the same as those used in the implementation of the step-down converter.  The difference is that they are arranged in such a manner that the output of the converter is higher than that of the input.  This type of DC to DC conversion would be necessary if any of the expected input voltages are lower than that of the voltage level required for charging the device. Design of the step-up converter would also have been similar to that of the step-down converter in that the only component that requires special design is the inductor.  Below is the series of equations that would need to be used in determining the size of the inductor where D is the duty cycle, G is the voltage gain of the converter, Vout is the desired output voltage of the converter, Vin is the supplied voltage to the converter by the source, Lc is the converter’s inductor at the critical inductance level, RL is the load resistance and fs is the converter’s switching frequency as well as a schematic of a boost converter, modeled in Multisim 8, for possible use in this project.


[image: image59.wmf](

)

D

V

V

G

in

out

-

=

=

1

1



[image: image60.wmf](

)

[

]

(

)

s

L

c

f

R

D

D

L

2

*

*

1

2

-

=


[image: image61.emf]
Figure 4.1.14D Step-up (Boost) Converter Schematic

A third type of switched-mode converter that was to be considered for this project is the buck-boost converter.  Whether the output of this type of DC to DC converter is greater than or less than the input voltage is adjustable based on the switching transistor’s duty cycle.  A key characteristic of a buck-boost converter is that, whether operating as a step-up converter or a step-down converter, the polarity of the output voltage will be opposite the polarity of the converter’s input voltage.  Once again, design of the buck-boost converter would have been similar to that of the step-down converter and the step-up converter in that the converters all use the same components and the only component that requires special design is the inductor.  Below is the series of equations that would need to be used in determining the size of the inductor where D is the duty cycle, G is the voltage gain of the converter, Vout is the desired output voltage of the converter, Vin is the supplied voltage to the converter by the source, Lc is the converter’s inductor at the critical inductance level, RL is the load resistance and fs is the converter’s switching frequency as well as a schematic of a buck-boost converter, modeled in Multisim 8, for possible use in this project.
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Figure 4.1.14E Buck-Boost Converter Schematic

It is also possible to provide voltage regulation using packaged integrated circuits.  Rather than building a linear voltage regulator, a step-down converter or a step-up converter out of individual components, companies such as Maxim and National Semiconductor, along with a number of others, manufacture integrated circuits to perform the required operation.  Because a step-down converter is needed in The Green Box, both companies have a number of possible IC’s from which to choose.  The MAX1632 and MAX1635 from Maxim are 12 volt output buck converters rated for maximum input of 30 volts with a maximum current output rating of 4 amps while National Semiconductor produces the LM258X series which are 12 volt step down converters rated for a maximum input of 40 volts with a maximum output current of 3 to 5 amps.  There are also other series produced by both companies with lower maximum current outputs.  The exact IC choice was made by matching the requirements of the circuit to the specifications of the IC.  This type of regulator could have been chosen as part of the charging circuit for the battery in The Green Box.  Since a step-down converter was required for some other component of The Green Box, such as an exhaust fan, microcontroller or LED display, the LM310X series from National Semiconductor can provide an output as low as 0.8 volts with an input range of 4.5 to 42 volts and a maximum current output of up to 2.5 amps.  If a high current application had been required, the LM315X series, also from National Semiconductor, can provide an output voltage as low as 0.6 volts with a maximum input rating of 42 volts and a maximum current output of up to 12 amps.  If a step-up or boost converter had been needed for any component in The Green Box, a MAX1171 step-up switching regulator from Maxim can provide an output of 12 volts with minimum input of 2 volts and has a maximum output current rating of 2 amps.  Another option could have been the LM258X series from National Semiconductor which is available in four output voltages:  3.3 V, 5.0 V, 12 V and adjustable.  They can take an input as low as 4 volts and have an output current rating of 3 amps.    

Some benefits to using integrated circuits in voltage regulation over building a dc to dc converter from individual components include cost, time and size.  The types of IC’s that may have been needed for this project were found to cost between one and six dollars.  Some of the devices, though, were, at this point, only found for sale on the manufacturer’s website, where they were only available if bought in lots of 1000.  If they were not found for individual sale, these devices would not have been used as the project does not call for more than a few devices at the most and the cost of building a regulator out of individual components would not have been much more expensive, relative to the project budget, than the cost of individual integrated circuits.  However, it was possible that, upon request, the manufacturer would be willing to sample a few of the devices at little to no cost.  Time savings was a second benefit to using integrated circuits.  Because the integrated circuit is a packaged voltage regulator, time would not have to be spent building a regulator from individual components.  Using integrated circuits also resulted in less space being used as opposed to building a regulator out of individual components as the integrated circuits are compact in their design.  

A possible downside to using integrated circuits came in making the circuit fit the device.  The integrated circuits are manufactured to meet a set of specifications that are predetermined by the manufacturer independent of a specific project.  If an integrated circuit can not be found with specifications to match the conditions of a specific portion of the project or to match the required output of a portion of the project, then steps would have had to have been taken to prepare the signal for the device or correct the output signal of the device.  This could have involved requiring an additional voltage reduction/boost or providing a current limitation or amplification.  It should also be noted that, even though integrated circuits can be as efficient, if not more efficient, than a circuit built from individual components, they still dissipate heat; this is especially true in the case of the buck converters.  As a result of the compact size of the integrated circuit, the heat dissipation is emitted from a concentrated area.  This can cause the device to heat up quickly and result in device failure.  Therefore, a heat sink is often recommended for use with buck converter integrated circuits as a means of quickly removing the dissipated energy and extending the life of the device.

Software

Microcontroller

Software needed to be written that would reside on the microcontroller that would drive the message display.   The team decided that the microcontroller used would need to have provisions for the usage of the C programming language.  This was chosen due to the fact that the C language is very well known and understood, and would be easy to implement various other features that we wanted to add to The Green Box at a later date.

The software was required to not only drive the display, but also monitor the Green Box system for current levels, temperature, and battery voltage.  The group felt that the C programming language would be more than powerful enough to quickly add and modify any desired functionality that may have arose.

5  Design

Batteries

After research was conducted to determine the best battery between starting, deep cycle, and marine batteries, the deep cycle battery was chosen for its superior life, and quick recharge rate.  Then, three different types of deep cycle batteries were researched including flooded, gel cell, and absorbed glass mat.  In the end, the absorbed glass mat battery was chosen amongst the vast amount of different types of batteries for many reasons including fewer battery acid hazards, long life cycle, efficient charging rate, durable construction, and that they were the most popular choice for solar and wind power systems.  Now, in this section, the specifics of the battery will be discussed including the power, weight, size, cost, etc.  A few other topics will be discussed such as the connections, wires needed, and a few safety precautions.

First, one of the most important things considered about the absorbed glass mat battery was the energy the battery needed to store and supply.  This number was based off the total energy the group would like the battery to supply when the inputs were not generating power, such as nighttime.  A summary was created of the power generated, and each input’s operation time is shown below in Figure 5.1A.  The total amount of power generated by this system is shown to be almost 4000 Watts/Day.  This would have been quite hard to store into a  battery, since a 12 volt system would require nearly 350 AmpHours total to store all this energy.  That would most likely have related to four batteries, and each battery would have been large, heavy, and expensive.  Another factor to consider was that these were the maximum energy that each unit could supply.  The group planned on conditions being poor most days, such as clouds for the solar panels, and only a calm breeze for the wind turbine.  Therefore, it was decided to cut the operation times, and power production to the ones shown in Figure 5.1B.

	
	Power
	Operation Time
	Total

	Solar Panel
	150 Watts
	12 Hours
	1,800 W*hr

	Wind Turbine
	200 Watts (average)
	10 Hours
	2,000 W*hr

	DC Generator
	120 Watts
	1 Hour
	120 W*hr

	Total
	470 Watts Max (Instantaneous)
	---
	3,920 W*hr


Figure 5.1A Maximum Daily Energy Production

	
	Power
	Operation Time
	Total

	Solar Panel
	80 Watts
	6 Hours
	480 W*hr

	Wind Turbine
	100 Watts (average)
	6 Hours
	600 W*hr

	DC Generator
	80 Watts
	1 Hour
	80 W*hr

	Total
	260 Watts Max (Instantaneous)
	---
	1160 W*hr


Figure 5.1B Realistic/Average Daily Energy Production

As can be seen, the total amount of energy required came down significantly.  The group chopped the operation times of both the solar pane and wind turbine is half, and also reduced the instantaneous power that each would produce.  This energy reduction brought the battery requirement down to 100 AmpHours for a 12 volt system.  Absorbed glass mat batteries could have tremendous energy densities, and there were 12 volt models built with up to 250 AmpHours! Therefore, the group selected a single battery to store all the energy needed for the system.  The group also concentrated on the 50% discharge limit that was set in the research section on batteries.  Even though the system was capable of supplying 100 AmpHours of charge per day, we should, in theory, have had a battery that was double that rating to compensate for the 50% discharge limit.  We did not require the battery to be a full 2 times the AmpHour rating of our system, but only 40% bigger.  This yielded a value of 140 AmpHours.  Therefore, the initial floor for the power was set at 100 AmpHours, and other factors were researched to determine which battery was best to buy.  

The next factor the group looked at was the price of the absorbed glass mat battery.  The average price for an AGM battery that stored 150 AmpHours of energy at 12 volts was about $380.  A 200 AmpHour battery averaged $470, while the monster 250 AmpHour battery cost a little more, $530.  Another thing to note about the project was that the battery would be the only considerable unit replaced by the consumer every about every four years.  This battery replacement period could vary, depending on how often they discharged the battery to 50%.  So, it would have been nice to offer various types of batteries when a customer would want to purchase a replacement, but for now,  the focus was on buying only one for the initial prototype.  The shipping cost would have been a little pricey due to the extreme weight of these batteries, so a battery supplier from a close proximity was found for financial reasons.

Another factor to look at was the size that one of these absorbed glass mat batteries required.  The size of a 110 AmpHour battery had an average size of about 13 inches, by 7 inches, by 10 inches tall.  The volume in cubic inches was 13*7*10 = 910 inches^3.  The larger 200 AmpHour battery had an average size of about 21 inches, by 8 inches, by 10 inches.  The volume of the box was therefore 21*8*10 = 1680 inches^3.  Finally, the biggest battery, at 250 AmpHours had an average size of about 21 inches, by 11 inches, by 10 inches.  The volume of the box was therefore 21*11*10 = 2310 inches^3.  The volume of the battery then seemed to be a linear function, so there was not much advantage of trying to increase a value such as AmpHours per cubic inch.  The group then computed the AmpHours/inch^3 to make sure it was close to linear.  The 110 AmpHour battery yielded 110/910 = 0.121 AmpHours/inch^3.  The 200 AmpHour battery yielded 200/1680 = 0.119 AmpHours/inch^3.  Finally, the 250 AmpHour battery yielded 250/1680 = 0.149 AmpHour/inch^3.  Now we can see that there was only a small advantage in AmpHours per cubic inch for the largest battery, but the increase was negligible.  However, this would be helpful in a large battery bank with 100 batteries to reduce size, but not when the project was aiming for a single battery.  So, since the group decided on using a battery that supplied 100 AmpHours, the space requirement was then 14 inches, by 10 inches, by 9 inches.

The weight of an absorbed glass mat battery was also important, since a battery that was too heavy would make installation difficult in a home, as well as requiring the Green Box to have a more durable base.  Shipping costs would also increase due to the extreme weight of one of these batteries.  First of all, the large 250 AmpHour battery weighed a whopping 167 pounds!  This large weight was an easy reason to drive the group away from the 250 AmpHour battery in the project for good.  If this large battery was used, it would be hard for most consumers to move the Green Box.  In fact, it might have taken two people in the senior design group just to move it, and they were young college boys.  Next, the 200 AmpHour battery still weighed a lot at 130 pounds.  This was still too heavy for the project.  The group then focused on the smaller 100 AmpHour battery.  This one was a lot more reasonable, and only weighed 74 pounds.  Even though this was still a lot, this weight was not too hard to push around when placed in the Green Box.  Also, many people are able to carry 74 pounds for a short distance, so installations would be easier, as would our senior design project presentation.  A note to be made here was that if 250 AmpHours were required in a design, the designer would be better off buying two 125 AmpHour batteries rather than just one large battery due to the weight alone.  Not much of a size reduction is gained from using a single battery compared to two. 

Another factor to consider in purchasing the batteries was the manufacturer.  Various companies made absorbed glass mat batteries which would have been great for the project including Surrette, Concorde, Trojan, Lifeline, Deka, Optima, and MK Powered.  Concorde was the first company to produce absorbed glass mat batteries for commercial use.  Surrette was known for producing some of the longest lasting deep cycle batteries, but the price of a single battery is extremely high, so they were not used in the project.  The group wanted a battery that had a great price and was just as durable as the rest of the group.  MK Powered did a lot of research to produce AGM batteries with different designs to have a slight edge over everyone else.  Finally, Optima was very well known for their use in many cars, trucks, and marine applications to power heavy electrical loads.  In the end, every company had some advantage over the other, so the factor of brand name did not influence the decision of a battery purchase as much as the cost, and power of the battery.  The final specifications of the battery chosen for The Green Box is shown below in Figure 5.1C.  The battery was manufactured by a German company named Werker, and the battery was picked up locally to eliminate shipping cost.

	Attribute
	Value

	Manufacturer
	Werker

	Voltage
	12 Volts

	Power
	100 AmpHours

	Price
	About $280

	Weight
	74 Pounds

	Dimensions
	16 x 8 x 10 Inches


Figure 5.1C AGM Battery Specifications

The group also considered the connections, and other components that were required for the battery installation.  Two battery cables were needed that were capable of supplying all the electrical demands the consumer wanted, up to 1000 watts.  This would mean that the wires needed to be able to handle a current of 1000 watts/12 volts = 84 amps well.  The wire size needed for this amount of current was 4 American Wire Gauge (AWG).  This would handle up to 120 amps, so this was good for the project.  The battery also needed good terminal connectors to make as good a connection possible to the battery.  Finally, a circuit breaker was installed on the positive side of the battery, within 5 inches of the battery terminal.  This protected the battery from any short circuiting that may have  occurred.  These various features of the battery will be discussed later in the section on electrical connections.      

Finally, the last and most important topic to consider about the battery installation was safety.  The group needed to make sure that the AGM battery had a charger which  monitored the temperature, because AGM batteries suffered from thermal runaway.  The battery could get hot, which would allow for more current to flow, which in turn makes the battery hotter, and even more current flows, and the cycle repeats.  If the battery was allowed to get too hot, the battery could overheat severely, and battery failure would be the least of problems.  A few of these problems included a fire being created, or toxic gas escaping from overcharging the battery which could build up in the consumer's home and kill people.  The last safety measure to be taken was that the Green Box would not be permanently sealed, so that the explosive gases would not build up and turn the project into a bomb.  Also, the gas was expelled in a way that would not allow a small child or unsuspecting adult to breathe in the fumes and hurt themselves.  This was done by cutting a hole in the back of the Green Box and using a 12V fan to push the air out the back.  A warning label, like the one shown below in Figure 5.1D could be applied to the Green Box both internally and externally to warn the consumer of the various dangers.
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Figure 5.1D Typical Warning Label
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Charging Systems

After research was conducted to find the most efficient method of charging the AGM battery, it was discovered that the maximum power point tracking charge controller was far superior to the 3 stage charge controller.  The MPPT charging controller had the great feature of finding the best voltage and current to supply the battery.  This section helped decide if the higher price for a MPPT charge controller was justified by the increase in power delivered to the battery, or if the 3 stage charge controller was a better choice for the project.  Also, various factors about the final product were  discussed, such as cost, power, weight, size, etc.  It was also decided that the charging system for the Green Box would be purchased as a finished product, rather than the group members designing it themselves, due to the complexity of such a device.  Another topic that was discussed,  was the option of using one charge controller, or multiple units.  The first option was feeding a regulated voltage from all three green power inputs into a single charge controller.  The other option was to connect each input source to its own, smaller charge controller to charge the battery independently.  Also, the wind turbine required a dump load for any of the excess power when the battery was full.  Therefore, these advantages and disadvantages were discussed, and a design for the charging system within the Green Box was created and will be presented in this section.

The first issue discussed about the design of the charging system was total power.  The power produced by a maximum power point tracking charge controller was far superior to the power produced from a 3 stage charge controller.  This increase in power transfer, or energy efficiency, increased as the voltage of the input went up.   For example, since the absorbed glass mat battery’s highest voltage was 15.6 volts at maximum, any voltage output higher than that would have been wasted in a 3-stage controller.  The MPPT charge controller, however, would have been able to convert the higher voltage into a lower one and boost the current, therefore increasing total power.  This increased power, or efficiency, could have been as high as 35% on the worst of conditions.  This condition would have been a cold day, where there were no clouds.  Although this increase in efficiency during the worst case condition was great, it was more common in the state of Florida for it to have been hot and sunny.  During these times, an MPPT controller was only about 15% more efficient than the 3 stage charge controller.  Now we could see that the maximum power point tracking charge controller was a better choice than the 3 stage charge controller only if the price was less than 15% higher.  Otherwise, more money could have been spent on increasing the size of a solar panel and/or wind turbine to increase power input to the charge controller(s).

The total power of the charging system was also discussed.  A charging system that was too powerful would have been wasteful, and the price would certainly have increased.  On the other hand, if the charging system was not powerful enough, a great chunk of the power from the three green inputs would have been wasted, and failures might have occurred in equipment due to the low power dissipation ratings.  Therefore, a balance was found, but it was much safer to err on the side of having a charging system that was too powerful.  The system was set up for 12 volts, so the decision for a charging system was based off the number of amps that was required.  Previously created in the design section on batteries were the two charts shown below in Figures 5.2A and 5.2B.  The first figure showed the maximum amount of power that could be generated by the three “green inputs,” while the second figure in 5.2B showed a more realistic projection.  The maximum amount of power that was created instantaneously from the three inputs was 470 watts.  This number was used, since it was the maximum.  If the lower ratings for the realistic power production were used, then on sunny and windy days the system would not harness all available power.  Therefore, a charge controller which had a charging current of 470 watts/ 12 volts = 39 amps would be the desired product.

	
	Power
	Operation Time
	Total

	Solar Panel
	150 Watts
	12 Hours
	1,800 W*hr

	Wind Turbine
	200 Watts (average)
	10 Hours
	2,000 W*hr

	DC Generator
	120 Watts
	1 Hour
	120 W*hr

	Total
	470 Watts Max (Instantaneous)
	---
	3,920 W*hr


Figure 5.2A Maximum Daily Energy Production

	
	Power
	Operation Time
	Total

	Solar Panel
	80 Watts
	6 Hours
	480 W*hr

	Wind Turbine
	100 Watts (average)
	6 Hours
	600 W*hr

	DC Generator
	80 Watts
	1 Hour
	80 W*hr

	Total
	260 Watts Max (Instantaneous)
	---
	1160 W*hr


Figure 5.2B Realistic/Average Daily Energy Production

The next issue that was discussed about the design of the charging system was cost.  It would have been wise to guess that the great feature of maximum power point tracking in a charge controller also came with a steep price. This assumption was correct.  The price for an Outback FLEXmax MPPT charge controller at 12 volts and 60 amps was a whopping $500.  That was more than a 150 AmpHour absorbed glass battery would cost.  This charging current was quite high though, so a more reasonable current was 25 amps.  The search for this value returned only limited results, but a BlueSky model was found which cost $270 for a 12 volt, 25 amp MPPT charge controller.  This price for an MPPT charge controller was still quite high for the project, so the search then switched to 3 stage controllers ckeck for a cheaper price.  A three stage, 12 volt, 60 amp charge controller made by Tristar was only $190.  This was much less than half the price for the MPPT charge controller at 60 amps.  Next, the group looked at the price of a more reasonable 40 amp charge controller.  The price for a 30 amp model made by Prostar was only $138, while a larger 40 amp model made by Xantrax could have been purchased for only $150.  The choice was now obvious for which type of controller to use.  The 3 stage charge controller was much cheaper than the 15% limit that was set previously for the MPPT charge controller.  In fact, nearly three 3-stage charge controllers could have been purchased for the price of just one MPPT charge controller, so this was an easy decision.  Therefore, the maximum power point tracking charge controller was no longer considered for the project, due to the superior price of the 3-stage charge controller. 

The next topic that was discussed was the weight of the charge controller.  The 40 amp model made by Xantrax had a weight of less than 4 pounds.  For another example, the 30 amp model 3 stage controller made by Prostar had a weight of less than 2 pounds.  This weight was almost negligible compared to the overall weight that the green box components, including the absorbed glass mat battery, solar panel, wind turbine, and case.  4 pounds compared to the projected 150+ pounds of the Green Box did not really matter.

Another topic that was discussed about the charge controller was the size of the product.  This mattered much more than the weight of the charge controller since the product was placed inside the Green Box.  The 40 amp model of the Xantrax charge control had a size of 9 x 5 x 2 inches.  The 30 amp model made by Prostar also had a small size, and only measured 6 x 4 x 2 inches.  Therefore, a pretty good amount of space was required for the charge controller inside the Green Box.  Also, this value could have tripled if it was decided that three different charge controllers should be used.  Now that the various factors about power, cost, weight, and size have been discussed, a summary in Figure 5.2C is shown below.  The charge controller chosen for The Green Box was a Xantrex C-35, 3-Stage Pulse Width Modulation Charge Controller, that supported up to 35 amps.

	Attribute
	Value

	Name
	Xantrex C-35

	Amps
	35

	Cost
	$85.00

	Weight
	4 pounds

	Size
	9 x 5 x 2 inches


Figure 5.2C Xantrex C-35 3-Stage Charge Controller Specifications

The single charge controller above would have been sufficient for the three green energy inputs into the Green Box.  The problem that would have risen from this setup was that each input would have needed to have been regulated to the same voltage.  For example, the solar panel might of had an output of 17.7 volts, while the wind turbine had a voltage of 22.5 volts.  Since the wind turbine was at a higher potential, current could flow into the solar panel if the two were connected together, and certainly would have damaged the solar cells in a short period of time.  This reverse current into the solar panel could have been eliminated by placing a diode in series with the solar panel, but another problem would have been created.  The solar panel would no longer have contributed any power to the charging system, since the diode was not conducting since it was cut-off due to the lower potential of the solar panel.  The need for voltage regulation was now able to be recognized.  Only two inputs were used for this example, but adding the human power generator to the charging system would have made the voltage difference between the three inputs even harder to control.

If the decision would have been made to use one charge controller, the green box would then have required 3 different voltage regulators, and a circuit which turned on/off a dump load for the wind turbine, and human power generator.  Of course the consumer could have noticed that it was unwise to use the human power generator when the battery was full, but the risk of letting a consumer overcharge the battery would not be taken.  The alternative to this setup was to use three separate charge controllers, which would then eliminate the need for voltage regulation.  Substituting extra charge controllers in place of voltage regulation might have created a better power transfer, but might have added extra cost to the project at the same time.  So, the advantages and disadvantages of each design were discussed, and the best solution was chosen.

If the single charge controller setup was chosen, then the charge controller above could have been used.  The voltage regulators would have a moderate price from its components including a large capacitor, large inductor, voltage regulator chip, and heavy-duty power transistor.  These parts, if purchased, would have presented a total price for all three voltage regulators of around $70 if purchased from a local electronics store such as Skycraft, or online at DigiKey.  The dump load for the wind turbine would have consisted of a few high power dissipation resistors, and a control switch to dump the extra power to this circuit when necessary.  This would have created an additional cost of about $50 more.  The single charge controller, dump load circuit, and three voltage regulators would have brought the total price of this option to $270.  This option would also have required a bit of design and time to build.  Another disadvantage of this setup was that a lot of power would have been unutilized by the voltage regulator.  For example, if the voltage regulators were set to adjust each of the three voltages to 14.8 volts (the highest needed for the charging of an absorbed glass mat battery) then any voltage higher would have been completely lost.  In fact, a voltage of around 16.7 was not uncommon for solar panels or wind turbines, so almost 15% of the energy would have been lost.  This did not include the power lost from the charge controller.  A maximum power point tracking charge controller would have been useful for this operation since all power would have been utilized, but it had already been decided that an MPPT controller was too expensive for the project.   Therefore, using three voltage regulators and one charge controller seemed to be a poor choice for the project, so the next option of using multiple charge controllers was analyzed.

If three separate charge controllers were used, then the need for voltage regulation would have been unnecessary, since the charge controllers already had this feature built in.  The dump load for the wind turbine would still have been a concern though, since the excess power must be sent to an alternative load other than the battery, or the wind turbine could have been easily damaged.  This was because the wind turbine would have no load, and therefore nothing would have stopped the blades from spinning uncontrollably fast and causing severe damage to itself and/or its surroundings.  Fortunately, there were charge controllers which incorporate both 3 stage charging and load redistribution at the same time.  The power loss from this setup did not have the 15% drop from voltage regulation that the previous one did, but still included a small 4% loss from the charge controller.  This option was far superior in both simplicity and efficiency, but the focus then shifted to cost.

It was unnecessary to use the 40 amp charge controller shown above for each of the three inputs, since none of them would have created even half that much energy.  Therefore, a smaller and also cheaper charge controller could have been chosen for each green energy input.  The first was the solar panel.  Since the project was planning on using a single solar panel of only 150 watts or less output, that would mean that the maximum current was only 150 watts/12 volts = 12.5 amps.  There were charge controllers sold with current ratings of 12 amps and 6 amps, but these controllers were not as intelligent as the larger models.  Also, these small models still had a moderate cost of $70.  Xantrax, however, did sell a unit that was about $85, and had a current rating up to 35 amps.  Also, this unit had several useful features such as battery temperature detection, and specific charging for an absorbed glass mat battery.  Therefore, this unit was selected for the solar panel due to its great performance, features, and price.

The next charge controller to decide upon was for the wind turbine.  Previously, we projected that our wind turbine would create only 200 watts of power.  However, this was not true in all cases.  If there were windy conditions which were capable of spinning the wind turbine extremely fast, the power would have quadrupled in most cases.  This could happen because the power output of a wind turbine could grow exponentially with wind speed.  Therefore, the wind turbine that was designed to produce 200 watts could possibly have created 800 watts.  Therefore, a more powerful charger would be a great purchase for the project, to harness all the power produced.  The 800 watt rating was cut down quite a bit, since extreme wind conditions were very rare.  A more reasonable rating of 400 watts was used.  To find a good match, a model was researched that had a current rating of 400 watts / 12 volts = 34 amps.  In fact, the same Xantrax charge controller that was used for the solar panel was also a great choice for the wind turbine.  The Xantrax charge controller also had the advantage of a setting for load redistribution.  This was extremely important for wind turbine safety and long life.  Another benefit of using the same controller was that the voltage output from the charge controllers would be extremely close.  If different units were used from different manufacturers, then different voltages could have been present and the battery would not have been charged efficiently.  Therefore, the same Xantrax charge controller rated at 35 amps was also used for the wind turbine.

The last input to discuss for a charge controller was the human power generator.  The Xantrax controller could also have been used for this generator, since it functioned very closely to that of the wind turbine.  However, since the human power generator required a person to power the generator, the voltage output was regulated much more than the two other inputs, and did not depend on factors such as the sun and wind.  The voltage regulation mentioned assumed that average size humans pedaled relatively the same speed and generated the same output voltage.  Also, since the human power generator presented the option to the consumer of being used to charge the battery or not, a cheap system could have been designed that would have notified the rider to discontinue use to prevent overcharging.  The decision was required here as to whether a charge controller was needed.  It would have been cheaper to build a circuit such as the one below in Figure 5.2D to regulate the voltage, and charge the battery that way.  As seen in the figure below, this circuit could have sent 150 watts of power to the battery, but only with a constant (and limited) voltage.  This model was created in MultiSim 10, by one of the members in the group.  This charging system used Zener diodes to establish a constant voltage at the base of the transistor.  The large 200 mF capacitor then smoothed the output voltage seen across the load resistor.  As seen in the oscilloscope screenshot, the input voltage in red varied from 12 to 24 volts continuously.  This was created to simulate the fluctuating speeds that a person would have created while using the human power generator.  The rider had to pedal at a rate which created a voltage higher than the Zener diode rating to achieve the desired voltage.  This was a necessity, because the output voltage could only be adjusted downwards, and not upwards. The output, which was shown in orange, was seen to be a constant 12.288 volts, at 12.268 amps.  The output voltage could have been higher if a Zener diode with a Vz higher than 14 was used.        

The problem presented with this method would have been that batteries required multiple stages of charging, and this circuit could only have worked for one.  To prevent overcharging the battery, a system could have been designed to let the user know when the human power generator could have been used, which was in the absorption or float stages for this design.  This notification system could have presented many problems, including various lawsuits from consumers due to injury from battery acid, or premature failure of the green box.  Also, more circuitry would have to have been designed to create an indication to the consumer, and an emergency shutoff when the battery was too hot, or overcharged.  Also, the maximum amount of energy possible was reduced, since the voltage regulator cut the voltage to a maximum value.   Therefore, the option of using a voltage regulator circuit was dismissed due to the complexity of the design, and inefficiency.
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Figure 5.2D Voltage Regulator Circuit

The solution for the human power generator was similar to the charge controller used for the wind turbine.  The human power generator required a dump load for excess charge to dissipate through whenever the battery was fully charged, just like the wind turbine.  Also, as we discussed earlier, if the same brand was used for all charge controllers, then the maximum power would have been used since the output voltages of each charge controller would have been extremely close.  Therefore, the Xantrax charge controller would have been the appropriate fit for the human power generator.  Although the output from the generator would only have been 150 watts / 12 volts = 12.5 amps, the same answer applies to the human power generator as did the wind turbine.  The savings for buying a smaller charge controller was minimal compared to the increased current rating, intelligence, and features of the bigger charger.  Therefore, the same Xantrax charge controller rated for 35 amps was also used for the human power generator.    

The charging system for the Green Box was now complete. The Xantrax 3–Stage charger rated for 35 amps was the best choice for each generator for various reasons.  The first reason was that this setup of 3 separate charge controllers created maximum power transfer compared to voltage regulating each input and then sending it to a single charge controller.  Also, if only one charge controller was used instead of three, various circuits would have to have been designed such as a load redistribution trigger, temperature sensor, and a voltage regulating circuit for the human power generator.  Initially, the only resistance to the decision of choosing three separate charge controllers was price.  In the end, however, the three separate charge controllers cost $100 each, to bring the total to $300.  The system of a single charge controller and three voltage regulators nearly matched this price, so no price benefit was gained.  Also, the time required to have designed and tested a system with only one charge controller would have been much more of a challenge than using three commercially available charge controllers.  The Green Box was limited since only a few months were available to build a prototype.  Finally, the use of separate charge controllers for generators of different voltages was common in solar and wind (hybrid) installations throughout the world.  The table below, in Figure 5.2E, shows the final specifications of the Xantrax charge controller that was used for each of the three inputs to the Green Box.

	Attribute
	Value

	Current
	35 Amps

	Voltage
	12 or 24 Volts

	Cost
	$100

	Weight
	2.5 pounds

	Size
	8 x 5 x 2 inches

	Features
	· Microprocessor Control

· Pulse Width Modulation

· Absorbed Glass Mat Compatible

· Solar or Load Diversion Modes

· Battery Temperature Sensor

Note:  The Xantrax C35 is for indoor use only.


Figure 5.2E Xantrax 3-Stage Charge Controller-(C35)

Solar-Cell Arrays

After researched was conducted on solar panels, it was discovered that four different choices were available including monocrystalline, polycrystalline, amorphous, and finally Copper Indium Gallium de-Selenium (CIGS).  The last type of solar panel, CIGS, was found to be too experimental of a technology, and therefore not a good choice for the Green Box.  Also, it was discussed in the research section that various methods of increasing solar panel efficiency could have been created including a cooling system, mirrors to increase light capture, and finally a system to track the sun to keep the solar panel facing directly at the sun.  Also within this section, a decision on a solar panel was made based on various factors such as solar panel material, cost, power output, weight, size, etc.  The last topic to discuss was the requirements for the solar panel installation including location, mounting hardware, and finally wires and connections.

The first thing that was discussed about the selection of a solar panel for use within the Green Box system was the type of solar panel material.  The first choice that came to mind was to purchase the solar panel which had the greatest amount of energy output for the price.  Therefore, the choice would have been easy, and the amorphous type solar panel would have been selected.  The drawback to using an amorphous photovoltaic panel would have been that the life span of the material was unknown.  Although the technology was quite new and intense research had not been performed on the material yet, amorphous solar panels had still been around for quite a few years, and they had not degraded as quickly as some might have thought.  In fact, the sales of amorphous solar panels were increasing, because consumers were beginning to accept the technology.  This rise in popularity occurred because amorphous photovoltaic modules allowed people to harness the maximum amount of energy for the least cost.  However, when looking to purchase a solar panel made of amorphous silicon, a big problem came up.  Amorphous silicon might have produced a fair amount of energy when the sun was very bright, but the voltage was much higher than other types of solar panels.  In fact, a few models were found to have voltages greater than 60 volts.  This certainly would not have been a good match for the 12 volt system in the Green Box, since most of the potential energy would have been lost.  A 3-stage charge controller was used for the project.  However, if a maximum power point tracking controller was used, then all this surplus energy due to the high voltage would have been able to have been used.  Another problem was that amorphous solar panels were rarely sold with a power rating higher than 50 watts.  The largest producer of amorphous silicon solar panels was Uni-Solar, but their products were hard to locate for purchase.  The few that were found had a price which was actually higher than either monocrystalline, or polycrystalline.  Therefore, amorphous silicon solar panels were no longer considered for the Green Box, since the assumed lower price and moderate power production both turned out to be false.

The table below in Figure 5.3A shows various details about monocrystalline and polycrystalline solar panels.  These numbers were created by averaging data together from actual online vendors.  As can be seen from the table, polycrystalline made the same power as monocrystalline, but at a lower price.  In fact, it was about 10% to 20% lower in all cases, with the price difference being the greatest in small panels less than 80 watts.  One interesting difference between the two types of solar panels was that monocrystalline had a lower voltage at maximum power, and therefore a higher current.  This detail would have been an advantage for the green box, since a maximum power point tracking charge controller was not being used, and a large voltage difference between the solar panel and battery would result in wasted power.  The lower voltage of the monocrystalline solar panel allowed more current to be fed into battery, which gave it an advantage over the polycrystalline solar panel.  The weights of both types of solar panels were generally the exact same, and increased almost linearly with size or power output.  The size difference between the two types of solar panels, however, was different.  The monocrystalline solar panel was always larger than the polycrystalline, because of the shape of the solar cells within the panel.  The monocrystalline had round solar cells which created a lot of unused space, while the polycrystalline solar panel had square cells which lied very close together.  The size difference was small though, and the space requirement of the single solar panel was not an issue with the Green Box.  The cost of the solar panels was most important to the Green Box.  The solar panel which created the most energy per dollar was the polycrystalline solar panel, by far.  Therefore, the polycrystalline would have been the most desirable solar panel overall. 
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Although the polycrystalline solar panel would have been the better choice due to price per watt of energy created, a final decision was not made until the time of purchase.  During the meantime, discounts on solar panels were watched in hopes that an efficient solar panel would go on sale to save the group money.  Also, the group considered building the solar panel from scratch.  This could have been done by purchasing the individual cells, and then wiring them together in series, and creating an enclosure for the solar panel.  Although more solar cells would have been required to create the same amount of energy as a commercial product, space was not a problem for the project.  Also, the price for building a solar panel instead of purchasing a final product could have been dramatically reduced to only 30% of the full price.  The group decided that building a solar panel was not worth the time, since the project was not about solar panels, but about the Green Box system. 

If the solar panel was bought in used condition from a site such as EBAY or Craigslist, then a few things were known to be checked to make sure that the solar panel was a good purchase.  Visible problems included cracked glass, and condensation under the glass.  Sometimes a bypass diode might have gone bad, and the solar panel would have stopped working completely.  Some users would have then assumed the solar panel was useless and put it up for sale.  The repair would have been easy, and full power would have been restored to the solar panel by just replacing this diode.  If the solar panel seemed to be in good condition physically, then measurements could have been taken to ensure that the solar panel was working properly.  The group could have placed a voltmeter across the positive and negative terminals and measured the open circuit voltage.  When placed in full sun, this value should have been just shy of 20 volts.  The voltmeter could then have been switched to read current and the terminals kept in the same configuration.  This current reading, called the short circuit current, should have been close to the power/voltage.  The averages from the table in Figure 5.3A above can also be used for reference.    

The next issue to discuss was the various methods which could have been used to increase solar panel efficiency.  Previously in the research section on solar panels, it was discussed that a few ideas were a cooling system, mirrors, and a tracking system to increase efficiency.  The first topic was a cooling system for the solar panel, since heat could have dramatically reduced solar energy production.  A cooling system could have been created by using a chilled liquid such as liquid nitrogen, or a cooling system similar to an air conditioning unit, or refrigerator.  The problem with these methods was that they used energy to produce energy.  The result might have been that the system required more energy to chill the solar panels down than would have been created by the colder solar panels.  Also, this would have created a more complex system for the Green Box, and required a harder installation for the consumer.  Therefore, this cooling system was dismissed.

The next topic that was discuss was a system that used mirrors to focus light onto the solar panels.  This method was already used in solar-thermal plants, where sunlight was concentrated onto an area containing a liquid which could rapidly heat up.  The idea for the Green Box, however, was that that a cheap setup utilizing mirrors could have been created in the hopes that greater sunlight capture would have occurred on a cloudy day.  This system was much more realistic than a cooling system, since there were no complex parts, which made it simple and the method was relatively cheap.  This seemed like a great idea for the Green Box, but as with everything, there is no free lunch.  Mirrors would have created many hazards if placed on the roof, including distractions to pilots who catch a glare from the sun off the mirror.  This same problem applied to people driving their cars, who could have been distracted by the glare of light, and crashed.  They could have sued the consumer for the mirrors, which would in turn, return to the Green Box as the person at fault.  Finally, the concentrated light could have fallen out of alignment, and be directed at a surface on the house.  This could have caused a fire, and again a lot of undesired lawsuits.  So, although this mirror system seemed to be a great idea for increasing solar efficiency, this idea was dismissed due to the possible lawsuits.

The next method that was discussed to increase solar panel efficiency was a tracking system that would adjust to point directly towards the sun.  This could have helped improve efficiency dramatically.  In fact, it was discovered that efficiency could have been increased up to 40% if a tracking system was used during a normal day.  The picture shown below in Figure 5.3B shows a solar panel which is mounted to a one-axis rotating surface.  This drawing was created by one of the students in the group.  This system could have worked by using two photosensitive diodes to detect which side, east or west, had a greater source of sunlight.  The desired direction would then be chosen, and a motor would turn the solar panel towards the correct angle of the sun.  This process would have occurred a few times a minute and would have adjusted if necessary.  Also, this system would have reset back to east during the night, since the sun would always rise from the east.  This system was kept as a possibility due to its dramatically efficient method of increasing energy production, and ability to actually be implemented into the project.  This portion of the project, however, was put as an addition to the Green Box, and would not be pursued until all other parts of the projects were working correctly.  In other words, the focus of the Green Box was to harness energy from multiple green energy sources.  When this had been proven to work successfully, then methods such as this one would have been created to help increase the Green Box to achieve greater efficiency.  This tracking system would also have required a great deal of testing to ensure that it would work all day, every day.   This solar tracker was never used within the Green Box, since the purpose of the project turned to the Green Box system itself, and considered the solar panel an input.
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Figure 5.3B One-Axis Solar Tracker

The final topic that was discussed about the design of the solar panel were the various requirements for installation including location, mounting hardware, and finally wires and connections.  The location of the solar panel would have been chosen to be one that captured as much sunlight as possible.  Since the Green Box was targeted to consumers at a personal level, then a home or apartment setting would be the focus.  The obvious choice for a home installation would have been on top of the roof of the house, or placed in an area of the yard where it could not have been damaged easily.  The next issue to discuss was the hardware used to mount the solar panel.  A solar panel could generate a lot of heat by the photons of light which were too powerful, and dissipate heat in the back of the photovoltaic module.  Therefore, the solar panel should have been raised above the roof by 3 to 4 inches to keep a layer of space for cool air to flow.  This reduction of heat buildup would have also allowed the solar panel to operate more efficiently since a cooler solar panel would have generated more power.  The installation method would have been similar to a satellite or large antennae being setup and mounted on a roof.  The only difference was that the solar panel would weigh more, and extra reinforcement would have been used to spread the load out over a large area.  Finally, the wires and connections for the solar panel were discussed.  Since the solar panel was sitting on top of the roof, and the battery would have resided inside the Green Box inside the house, a long wire would have been required.  The approximate distance would have been about 70 feet, so a safe distance of 100 feet was assumed.  Since the solar panel was producing up to 120 watts, and the voltage was only 12 volts, the current was 120 watts / 12 volts = 10 amps.  This required a wire gauge size of 4, or even 2 AWG since the wire was of such a long length.  The last thing discussed was the connection for the photovoltaic module.  The solar panel had a positive and negative terminal which should have been hooked up to the same terminals of a charge controller.  This process was quite easy, and testing ensured that the connection was made correctly.  A blocking diode was not required for this solar installation since the charge controllers already had them built in.  

Human Power Mechanism and Generator

The human power generation portion of The Green Box was to have been designed using an exercise bike driving generator to convert the mechanical power produced by the user on the bike to electrical power to be stored in a batter.  The design team made the decision of whether to use an AC generator or a DC generator to supply power for this portion of the project based on a number of reasons with the first being the cost of the generator.  To purchase an AC generator new, such as a Pacesetter 42R-E Parallel Shaft AC Gearmotor Model 0649, the estimated cost was found to be approximately $350.  While it would certainly be possible to acquire a used AC generator at a significantly lower cost, it was the decision of the design team to look at the cost of these parts as being new when making comparisons between types.  This was done in anticipation of any possible problems that could arise if a used AC generator was purchased and was found to be defective during testing.  Since the generator purchased would have been AC, the project would have been designed as such thereby forcing the team to purchase another AC generator, with no guarantee of acquiring another used generator of the same type at the same cost, or face having to redesign based on the use of a DC generator.  Another deciding factor in the team deciding not to use an AC generator was complexity.  Since DC power is required for charging the battery in The Green Box, to use an AC generator would require the addition of a full-wave rectifier to convert the AC power to DC.  While the addition of a full-wave rectifier was not considered to be an arduous task, the design team decided that producing AC power at The Green Box’s input, only to convert it immediately to the DC power the battery requires, was nonsensical in this case.  Another issue that would have arisen in using an AC generator would have been the large voltage reduction that would have been required to transform from the 115 volts that the generator would produce to the 14.5 volts required at the battery terminals.  A final deciding factor in the team deciding not to use an AC generator was ease of use.  It was found that the AC generators that were significantly larger and heavier than the DC generators that were considered.  The additional size and weight of the generator would have resulted in a less portable human power generation mechanism.  It was also found that the AC generators considered required a much higher applied torque than what was required for operation of the DC generators that were considered, up to seven times in some cases.  This would have limited the number of users of the device to only those who are capable of providing the force required to drive the generator.  For these reasons, the design team made the decision to use a permanent magnet DC motor as the generator for this portion of the project rather than using an AC motor to generate the electrical power for the human power generation portion of this project.

The probable permanent magnet DC motor that the design team would have selected was the 1/6 horsepower Leeson 12/24 VDC Electric Motor Model CM31D17NZ26D, available for purchase through Amazon.com for $178.88.  The selection of this particular motor would have been based on a number of factors, one of which was cost.  Comparable motors, such as the Dayton electric motor, catalog number 4Z529 available through electricmotorwarehouse.com for $239.25, were more expensive than the Leeson equivalent.  The other comparable permanent magnet DC motors considered also operated at a higher rpm and required a larger torque.  In the case of the Dayton motor, it was rated for 4200 rpm at 24 volts with a torque of 102 oz-in while the Leeson motor was rated for 3900 rpm at 24 volts with a torque of 94 oz-in.  Another factor that led to the design team’s decision to the possible use of the Leeson motor is the success that others have had using the device in similar projects.  Scienceshareware.com, pedalpowergenerator.com and Senior Design Group 2, summer and fall of 2008, all claimed to successfully have built bicycle generators using this particular Leeson permanent magnet motor.  Below, in Figure 5.4A, is the Leeson permanent magnet motor that was a possible selection for use in The Green Box.

[image: image71.jpg]



Figure 5.4A Leeson DC Electric Motor Model CM31D17NZ26D
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The design team had decided that another motor that could have been used as the human power mechanism in The Green Box was the 1/3 horsepower Leeson 24 volt DC permanent magnet motor model C4D17NK9D.  Base purely on performance specifications, compared to the CM31D17NZ26D, this motor would have been the superior option.  It is specified for 24 volt operation at a reasonable 1800 rpm with 11.7 lb-in of torque, however it does weigh considerably more as it is 18 pounds heavier than the CM31D17NZ26D.  The C4D17NK9D was strongly considered for use by the design team despite its hefty size; however, the least expensive supplier that was found by the design team, electricmotorwarehouse.com, had the motor listed for $290.68.  Since the initial budget for the motor to be use in the human power portion of the project was set at $200, the 150 percent budget increase that would have been created by the use of the C4D17NK9D was the major reason for the design team’s decision to look at other options.  Below, in Figure 5.4B, is the Leeson permanent magnet motor that was a possible selection for use in The Green Box.

[image: image72.jpg]



Figure 5.4B Leeson DC Electric Motor Model C4D17NK9D
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Prior to making the decision of what type of human power mechanism was to be used in this portion of the project, some performance based factors had to be considered.  The first was at what voltage level was required for charging the battery.  Ideally, the team would prefer to have produced a voltage equal to the 14.5 volts required for charging the battery.  This would have resulted in the most efficient scenario as there would have been none of the power losses associated with the DC voltage conversions that are required when the voltage provided by the generator is different from that of the voltage required for charging the battery.  Though it was understood by the design team that this equilibrium of voltages would not be realistic in application, it was believed that the best way to proceed was to first design for the ideal with the understanding that there would have to be a redesign process for feasibility.  The team also proceeded with the understanding that there would be variations in the real-world applications that would have to be accounted for in the charging circuit.  

Therefore, the first factor that had to be considered in designing the human power generation system was at what speed the generator would have to operate to output 14.5 volts.  This was not a difficult determination to make due to the type of generator chosen for use in The Green Box.  Permanent magnet DC motors produce an output voltage that is directly proportional to the rpm of the motor.  In the case of a possible generator selection for this project, the Leeson CM31D17NZ26D 12/24 VDC electric motor, it is rated at 1800 revolutions per minute for 12 volts and 3900 revolutions per minute for 24 volts.  Through linear interpolation, in order for the generator to produce a 14.5 volt output it would have to operate at approximately 2,237.5 revolutions per minute.  Below is the linear interpolation formula applied in calculating the required operation speed of the generator where y refers to the shaft speed of the generator and x refers to the output voltage at its respective speed.


[image: image73.wmf](

)

(

)

(

)

0

1

0

1

0

0

x

x

y

y

x

x

y

y

-

-

*

-

+

=


In the case of another possible generator chosen for use in The Green Box, the Leeson C4D17NK9D, it was rated at 1800 revolutions per minute for 24 volts.  However, there was not another rpm rating for a different voltage.  Therefore, when interpolating the estimated generator’s speed at 14.5 volts, the subscript 0 variables in the above interpolation formula were set to zero.  Through this calculation, to produce a 14.5 volt output the generator would have to operate at approximately 1087.5 revolutions per minute.  In other words, this motor could produce the same voltage at approximately one half the speed of the CM31D17NZ26D.

The next factor that had to be considered in designing the human power generation system was the required size of the wheel, gear or pulley of the stationary bike.  In order to perform and calculation, though, the design team had to make a few assumptions in regards to the system.  First, it was assumed that there would be no friction or slippage between the bike and the generator shaft.  This assumption was made as a means of simplifying the calculations.  The second assumption that was made involved estimating the number revolutions per minute a user could perform on an exercise bike.  In order to provide this estimation, the design team, with the assistance of a volunteer, tested an exercise bike with a wheel diameter of 15 inches at a brisk pace.  The result of this trial was a user of this bike could pedal at a rate of 120 revolutions per minute.  However, the stationary bike that this test was performed on was a recumbent bike, which would lead to a slower pedaling speed then if the user was pedaling a standard stationary bike or mini-bike.  Therefore, the results of the trial could be considered to be an under estimation.  Below, in Figure 5.4C, is a picture of the trial that was performed to determine the estimated rpm of a stationary bike.
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Figure 5.4C Stationary Bike Pedaling Speed Trial

While it was understood by the design team that these assumptions were not entirely realistic and that the actual performance would vary due in part to these assumptions, the team felt that the assumptions were acceptable for the purposes of these approximations.  A separate calculation of the required diameter of the stationary bike’s wheel, gear or pulley was performed for each of the possible permanent magnet DC motor selections and for three different sizes of motor shaft pulleys.  This calculation became especially beneficial since the design team eventually decided to build a pedaling device.   The results of these calculations, along with the formula used to produce the results, are summarized in the table below.

	Required Stationary Bike Wheel, Gear or Pulley (W/G/P) Size

	Leeson Permanent

Magnet Motor

Model #
	Motor Shaft W/G/P

Diameter (inches)

(d)
	RPM of Shaft

at 14.5 V

(rpm)
	RPM of

Bike

(RPM)
	Stationary Bike W/G/P

Diameter (inches)

(D)

	CM31D17NZ26D
	1.5
	2237.5
	120
	28.0

	
	2.0
	2237.5
	120
	37.3

	
	2.5
	2237.5
	120
	46.6

	C4D17NK9D
	1.5
	1087.5
	120
	13.6

	
	2.0
	1087.5
	120
	18.1

	
	2.5
	1087.5
	120
	22.7

	NOTE:  The equation used in these calculations was:  
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The results of this table indicate that the CM31D17NZ26D won’t likely be able to supply the 14.5 volts desired for battery charging.  According to the calculations performed, the bike’s wheel, gear or pulley would have to have a 28 inch diameter and would still have to be turn at a rate of 120 revolutions per minute.  Not only is it unclear as to weather the required turning rate would be achievable, but the size of the wheel, gear or pulley would not be acceptable for use in this project.  The C4D17NK9D, on the other hand, would be able to supply 14.5 volts with a 14 inch diameter bike wheel, gear or pulley and a 1.5 inch diameter motor shaft wheel, gear or pulley.  While the size of the bike’s wheel, gear or pulley would be an acceptable size for the purposes of this project, there would be some concern over the size of the motor shaft’s wheel, gear or pulley.  It had to be tested to see if a wheel, gear or pulley would have enough surface area to avoid excessive slippage at the higher revolutions.  If it had been determined that a 1.5 inch diameter motor shaft wheel, gear or pulley was not large enough, then, in the case of the C4D17NK9D, the 2 inch diameter motor shaft wheel, gear or pulley with the corresponding 18 inch diameter stationary bike wheel, gear or pulley may even have been acceptable. 

With the possilbe selection of a mini exercise bike as the human power mechanism in The Green Box, the next step in the design of the human power generation system for the project was estimating the wheel diameter of a typical mini exercise bike.  It was assumed that a mini exercise bike would have a smaller wheel diameter than that of the recumbent bike that was used in the trial to estimate the revolutions per minute that the average user could produce.  A possible selection for this device is the MagneTrainer ER, available new through magnetrainer.com for $129.  While this is certainly costs more than the design team has intended to pay, it does appear to offer a larger wheel diameter than other similar products.  By examining the dimensions of this product, it was estimated that the wheel diameter on the MagneTrainer was approximately 12.5 inches which is, as expected, smaller than that of the recumbent bike on which the trial was performed.  The design team does plan to acquire the exercise bike, if used as the human power mechanism in The Green Box, used, though, from a flea market, garage sale or a second hand sports equipment store.  Below, in Figure 5.4D, is a picture of the MagneTrainer ER, a possible selection for the human power mechanism in the project.
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Figure 5.4D MagneTrainer ER
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Because the mini exercise bikes appear to have wheels with a diameter of approximately 12.5 inches or less, it was determined by the design team that designing the system around one of these bike, using one of the before mentioned motors, to achieve a 14.5 volt output was not plausible since the smallest wheel diameter necessary to produce such an output, as determined earlier, was 13.6 inches for the C4D17NK9D.  Therefore, the calculations were performed again, this time determining the maximum motor shaft’s revolutions per minute that could be achieved using an exercise bike with a wheel diameter of 12.5 inches.  Again these calculations per performed for both permanent magnet DC motors, the CM31D17NZ26D as well as the C4D17NK9D, and for each of the three motor shaft wheel, gear or pulley sizes.  The results of these calculations, along with the formula used to produce the results, are summarized in the table below.

	Maximum Motor Shaft RPM for Given Stationary Bike W/G/P Diameter

	Leeson Permanent

Magnet Motor

Model #
	Motor Shaft W/G/P

Diameter (inches)

(d)
	Stationary Bike W/G/P Diameter (inches)

(D)
	RPM of

Bike

(RPM)
	Maximum

RPM of

Shaft

(rpm)

	CM31D17NZ26D
	1.5
	12.5
	120
	1000

	
	2.0
	12.5
	120
	750

	
	2.5
	12.5
	120
	600

	C4D17NK9D
	1.5
	12.5
	120
	1000

	
	2.0
	12.5
	120
	750

	
	2.5
	12.5
	120
	600

	NOTE:  The equation used in these calculations was:  
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As can be seen from the table above, by using a stationary bike with a wheel diameter or 12.5 inches, the maximum achievable revolutions per minute of the motor shaft is less than what the revolutions per minute required to produce an output voltage of 14.5 volts on either motor.  Using the C4D17NK9D with a motor shaft wheel, gear or pulley of 1.5 inches, however, would be very close to achieving an output voltage of 14.5 volts as it was determined earlier that for the C4D17NK9D to produce an output voltage of 14.5 volts required the shaft to spin at 1087.5 revolutions per minute.  Once again, though, there would be some concern over the size of the shaft’s wheel, gear or pulley being just 1.5 inches in diameter.  It would have to have been tested to assure that there is enough surface area to avoid excessive slippage, especially at higher rpm’s.  The next step in the design process was determining at what output voltage the permanent magnet DC motor would operate for each of the motor shaft wheels, gears or pulleys at their respective maximum revolutions per minute calculated in the table above.  The results of these calculations, along with the formula used to produce the results, are summarized in the table below.

	Maximum Achievable Voltage for Given Motor Shaft RPM

	Leeson

Permanent

Magnet Motor

Model #
	Motor

Shaft

W/G/P

Dia.

(inches)
	Constants
	Max. RPM

For 12.5”

Motor Shaft

W/G/P, y

(RPM)
	Maximum

Voltage

at Given

RPM, x

(V)

	
	
	x0

(V)
	y0

(RPM)
	x1

(V)
	y1

(RPM)
	
	

	CM31D17NZ26D
	1.5
	12.0
	1800
	14.5
	2237.5
	1000
	7.4

	
	2.0
	12.0
	1800
	14.5
	2237.5
	750
	6.0

	
	2.5
	12.0
	1800
	14.5
	2237.5
	600
	5.1

	C4D17NK9D
	1.5
	14.5
	1087.5
	24.0
	1800
	1000
	13.3

	
	2.0
	14.5
	1087.5
	24.0
	1800
	750
	10

	
	2.5
	14.5
	1087.5
	24.0
	1800
	600
	8.0

	NOTE:  The equation used in these calculations was:  
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As can be seen from the table above, by using a stationary bike with a wheel diameter or 12.5 inches, the maximum achievable output voltage of the CM31D17NZ26D is only 7.4 volts, or roughly half of the battery charging voltage.  To achieve this voltage would require a motor shaft wheel, gear or pulley diameter of 1.5 inches, though this creates the same concern as to the shaft’s wheel, gear or pulley’s surface area.  If a 1.5 inch shaft wheel, gear or pulley was found to be too small, then a 2 inch wheel, gear or pulley could be used to achieve a maximum output voltage of 6 volts.  Either case would require the need for a significant voltage boost to the supply before reaching the charging circuit.  On the other hand, the C4D17NK9D could provide an output voltage much closer to the required charging voltage, which was to be expected.  Using a 1.5 inch shaft wheel, gear or pulley could lead to an output voltage of 13.3 volts while using a 2 inch wheel, gear or pulley could lead to an output voltage of 10 volts.  While either permanent magnet DC motor will require a voltage boost to the signal before reaching the charging circuit, the C4D17NK9D could possibly supply approximately 40% more power than could the CM31D17NZ26D.

The next step in the design of the human power generator for The Green Box was devising a scheme to fasten the generator to the stationary bike.  This was done by building a support on which the generator could be mounted, then securing the support to the human power mechanism.  The support was made of wood, thereby built as a platform on which the generator could be mounted, but could have been made of metal and built as a rail system on which the generator could be fastened.  Another item that had to be considered in the design of the generator support is where it should be mounted.  This was based largely on the method used to drive the shaft.  If it had been decided that a roller system was to be used, then the generator would have had to have been mounted in such a manner that the roller on the motor shaft was in direct contact with the roller on the stationary bike.  Since it is decided that a gear or pulley system was to be used, the generator had to be mounted at some distance from the stationary bike’s gear or pulley.  Had the design team chose to build a pedaling mechanism to drive the generator, then the design of the mechanism’s frame would have had to have included the design of the generator support.  If the decided team had decided to purchase and modify a type of stationary bike, then the method of fastening the generator support would have been largely based on the particular bike selected.  

The final step in the design of the human power generator for The Green Box was transferring the power from the generator to the box itself.  The wires would have to be sized properly, making sure that they are rated for the current that will be produced by the generator.  This is done to avoid overheating the wire, which could be a potential fire risk, and possibly damaging the equipment and circuits.  Through previous design, it has be determined that the output voltage of the generator will not be much more than 12 volts.  However, the design team may have decided to make the wire selection based on 24 volts, since both generators are rated for 24 volts.  The selection of the wire was based on the maximum expected power to be produced by the generator.  The design team may have also chosen, after determining the maximum expected power to be produced by the generator, double the estimated power, thereby increasing the size of the wire, to ensure that the wire will be capable of handling any voltage spikes that may occur.  The following table is a DC wire table that includes the recommended wire size for both 12 and 24 volt systems at various currents.  This table is a two percent table as it also lists the distance at which 2% of the power would be lost to resistance at the given current.  The table was recreated with data acquired at www.windsun.com.

	2% DC Wire Length

	I

(A)
	12 V
	24 V

	
	W
	AWG wire size
	W
	AWG wire size

	
	
	#14
	#12
	#10
	#8
	#6
	
	#14
	#12
	#10
	#8
	#6

	1
	12
	34
	52
	82
	134
	213
	24
	68
	105
	165
	270
	X

	2
	24
	17
	26
	41
	67
	106
	48
	34
	52
	83
	135
	213

	4
	48
	7
	13
	21
	34
	53
	96
	15
	26
	41
	68
	107

	6
	72
	6
	9
	13
	26
	36
	144
	11
	18
	26
	45
	71

	8
	96
	4
	6
	4
	17
	26
	192
	8
	13
	22
	34
	53

	10
	120
	3
	5
	9
	13
	21
	240
	7
	10
	17
	27
	43

	15
	180
	2
	3
	5
	9
	14
	360
	4
	7
	10
	18
	28

	Notes:  1. All wire lengths are in feet.

             2. For distances at 6 volts, divide the 12 volt distance by 2.


Wind Power Mechanism

The Green Box integrated a wind turbine mechanism capable of producing at least 200 watts.  The wind turbine had a generator included that was capable of producing the 12-14.5VDC that is required to charge the batteries.  Such a turbine was easily found, allowing the group to focus on the other more challenging aspects of The Green Box system.  

After weighing all of the advantages and disadvantages of horizontal vs. vertical-axis wind turbines, the group decided to choose a horizontal-axis wind turbine.  Besides being inherently more efficient than vertical-axis turbines, horizontal-axis wind turbines were found to be much more readily available.  The design team had three options:  purchase a new wind turbine, purchased a used turbine, or make our own wind turbine mechanism from a kit.

In researching the availability of new wind turbines, many interesting possibilities were found.  Perhaps most interesting was the fact that virtually all low power wind turbines that we found already included the necessary DC generator to give us the 12V that we need, without having to add any additional circuitry.  Two of the potential wind turbines that were located are presented here.  The first choice, shown below in Figure 5.5A, can be purchased from Talco Electronics for $699.  It is known as their “Air Breeze Land” model.

[image: image79.jpg]



Figure 5.5A Talco Electronics “Air Breeze Land” 200W Turbine
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This model met all of the requirements of the project.  It outputs 12VDC, and is capable of producing 200W in wind speeds of 28mph.  It has a startup wind speed of 6mph.  It weighs 13lbs, and has a rotor diameter of 46”.  This rotor diameter is quite large, and something that we wanted to see be smaller.  While this turbine system was adequate, it was very expensive given the rated 200W output. 

The second choice could be purchased from Sunforce Products for $475.  It is known as their Model 44444.  It is almost identical in appearance to the Talco Electronics model shown above.  This model also met all of the requirements of the project, but was capable of producing 400W and the cost was over $200 less than the first choice from Talco Electronics.  It has a startup wind speed of 8mph, which is slightly higher, but that disadvantage is more than compensated for by the fact that the rotor diameter is only 27” which is an almost 50% reduction in size compared to the first choice.  

Obviously the turbine from Sunforce Products was the better option.  It is cheaper, smaller, and is capable of producing twice the power, being rated at 400W.  We, of course, didn’t expect to get this maximum 400W output in the practical application of our Green Box prototype.  It has been previously stated in the section on battery research that our goal was to get 720 Watts per day out of the wind turbine for charging the battery, for example 120 Watts for 6 hours.  Sunforce Products has created the following chart, presented as Figure 5.5B, so that we can know exactly how much power to expect to extract in a month from this specific model 44444 system.
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Figure 5.5B Wind Speed vs. Power Output Chart for Sunforce Products Model 44444 400W Wind Turbine System
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Obviously purchasing a new turbine was the least risky choice.  Besides coming with a warranty, a new turbine would come with some technical support from the manufacturer if the team was to run in to any problems during installation.  The glaring drawback to this though was the high cost of such a purchase.

If the team had decided to purchase a used system, much of the cost would have been eliminated.  After much searching, it was determined that 40-50% of the cost of the wind turbine could have potentially been eliminated.  No specific examples are presented here, mainly because most choices were found on dynamic online sites such as EBAY or craigslist, and probably wouldn’t be available for purchase at the moment.  Of course, any available used turbine options would have to have been evaluated at the time that the team was ready to make the purchase.  The team understood that purchasing a used system, while saving budget, will have brought with it additional risk.  Any purchased system would have to have been extensively tested, and would have presumably come with no warranty or support.

Another option would have been to make a wind turbine system from a kit.  This could have resulted in huge cost savings. But it also carried with it large amounts of work that hadn’t been planned for in the project milestone schedule.  The team decided that this was the least likely option to be pursued.  After all, the main thrust of the project was to research and learn to build The Green Box, not to research and learn to build a wind turbine.

The group decided to go forward with a plan that involved purchasing a new Sunforce Products Model 44444, 400W turbine for all of the reasons set forth in this section.  

Message Display

The group decided to use a 4 line alphanumeric LCD display in The Green Box.  The actual part that was used was manufactured by Unitech and has a model number of UC-204.  It has a 20 character by 4 line display, which was more than adequate to display the sort of information that we wished to convey.  

This model required a +5V source, but it was easily supplied from the existing regulator that was providing +5V to the microcontroller.  Its operating temperature range of 0 degrees Celsius to 50 degrees Celsius satisfied our requirements.

The unit also has an onboard LCD controller chip that was set up to communicate with our microcontroller unit.  Communication is accomplished through an 8-bit data word used in conjunction with register select, read/write, and enable signals.

Power Inverters 

The Green Box was to be designed with both DC and AC outlets.  While the DC outlet only required that the voltage be stepped down from the battery for use, the AC outlet required a power inverter circuit to convert the DC power from the battery to a usable AC power at the outlet.  It was decided by the team that the signal to the outlet should be 110 or 120 volts at 60 Hz and could have been in the form of a square wave.  The decision to most likely make the waveform a square wave came down The Green Box being an early model prototype and the design, build and testing time frame is somewhat limited due to the length of the semesters; the limitations of a square wave inverter, compared to the performance of a modified sine wave inverter or a pure sine wave inverter, may be acceptable trade-offs to the design team when weighed against the expected time and cost savings.  A possible inverter for use in The Green Box was the 110 volt, 60 Hz, square wave inverter designed by Mr. Seiichi Inoue, a Japanese electrical engineer.  His design can be found at his website, http://hobby_elec.piclist.com/e_menu.htm.  The schematic for the 110 volt, 60 Hz, square wave inverter based on Mr. Seiichi Inoue’s design for use in The Green Box is shown below in Figure 5.7A.

[image: image81.emf]
Figure 5.7A Possible DC/AC Inverter for use in The Green Box
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In the inverter depicted in the figure above, an oscillator is built using two (2) HEX inverters (IC1A & IC1B), two (2) resistors (100 kΩ & 2.2 kΩ), one (1) variable resistor (2 kΩ), and one (1) capacitor (2.2 µF).  The output of this oscillator circuit is a 5 volt peak square wave with a frequency of 60 Hz.  This oscillator is used to create the antiphase signal of the AC signal.  In order to produce a 60 Hz signal, for ideal components, the variable resistor would be set to 1.24 kΩ as determined by the following equation where Req is the equivalent resistive value of the square wave oscillator circuit.
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The output of square wave oscillator circuit is then amplified to a 12 volt peak square wave signal in the FET drive circuit.  These circuits consist of one (1) NPN transistor each and two (2) resistors (1 kΩ & 10 kΩ) each.  The output of these circuits are opposite in phase (180 degrees out of phase with each other).  The output of each of these circuits is used to drive a switching circuit.  The power MOS FET switching circuits each consists of one (1) P-channel power MOS FET transistor and one (1) N-channel power MOS FET transistor.  The FET drive circuits discussed previously are used to drive these power MOS FET switching circuits.  Due to the nature of the design, when the input of the switching circuit changes from High to Low, the direction of the current flow through the secondary coil switches direction. This circuit, controlled by the antiphase, provides the alternating current required for use in the transformer.  

While this DC to AC inverter was a possible option for use in The Green Box, the final decision on the exact power inverter for use in this project had not yet been made.  The design team continued to explore alternative options for use as the DC to AC inverter in The Green Box.  The final decision on the type of inverter to use was based on factors such as price, feasibility and function.  It was decided that the best option for power inversion in The Green Box was provided by a pure sine wave inverter.  This allowed the user of the box to operate any household device, resistive or inductive, up to the specified maximum power of the inverter.  It was decided, too, that purchasing a pure sine wave inverter for use in The Green Box was also the path to take as designing and building one from scratch is an entire senior design project by itself.
Green Box Housing and Power Outlets

The Green Box was constructed out of wood with wheels on the bottom four corners. Using basic construction techniques, with four posts to stabilize and secure the corners, the box was made to fit external dimensions requirements. The box needed to be light weight and portable, and small. So the box made 24” L x 24” W, by 22.5” H, which gives it ample room to fit the electronics and components of the Green Box, yet also allows a user/consumer to be able to fit the box through a standard American door width and storable in a standard American closet. The box was constructed with $50.00 worth of wood, screws, and wheels. In this section, the design of the box’s interior will be discussed.
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Figure 5.8A The Green Box, Final Exterior
This is the Final Exterior image of the Green Box.
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Figure 5.8B The Green Box, Final Exterior

This is the Final Exterior image of the Green Box.

The box was designed so that the interfaces would be easy to use for the average consumer. Simple stainless steel covers were fitted around inputs and outputs for the Green Box. Specifically, it was decided to use larger amperage plugs for the heavy gauge wiring. This would allow the most amount of current to pass through. It was current limited to 35 Amps. These inputs were labeled “Input 1”, “Input 2”, and “Input 3” from left to right on the front face of the box. Above these inputs were four more stainless steel plates. From left to right, they were the 5V USB charger output, the 110V, 60Hz AC outlet, the 12V DC output, and a switch to manually disengage the inverter (which controls and the 12V DC and 110V AC). These plates were also individually labeled for the use of the average consumer. The power outlets were will be simply added pulled from the power inverter and plugged connected.
The exhaust fan, when included, was mounted on the right side of this case and a separate air exhaust (with no fan) which was mounted on the back. The fan will be able to blow air all around the mounted battery and the control board, then out the second vent. This circulating air will make help cool the systems and keep the plastic case from reaching its threshold temperature, 99° C. 

The housing of The Green Box will be adapted to meet the needs of the project upon purchase. However, at the time of design, the interior components followed a simple flow of wiring. From the inputs located on the bottom of the front, the wires wrap around the bottom edge of the box and up into the individually assigned charge controllers, which were mounted evenly along the left interior wall. The wires were connected to the appropriate inputs, and then out to a common distribution block bolted to the floor. The distribution block then runs wires around the 100 Ah Werker AGM battery to its positive and negative terminals using 4 AWG wires. Likewise, 4AWG wires then connect from the distribution block and to the Inverter. Breaking this line is a relay connected to the switch on the front of the box, as mentioned before. This switch manually disconnects the inverter to prevent electronic waste. The wire continues to the Inverter which is mounted on the right wall of The Green Box. From this inverter’s built in 110V, 60Hz AC outlet and 12V regulated DC outlet, wires run to the outputs of the board, as were also aforementioned in this section. Along the back wall of The Green Box is the PCB & Microcontroller. Power is routed from the distribution block to it, regulated, and its features are run off the regulated inputs along the board. Springing from the microcontroller are the current sensors, which are wired also around the corners and base edges of the Box. The current sensors were wrapped around the input wires, and the output AC wires. The wiring also ran from the board to the Fan, and along the top of the box to the LCD. 

6  Design Summary

Now that the various components of the Green Box have been designed individually, a summary of the complete project will now be presented.   To start off, the total power that was desired to be generated in the Green Box is shown below.  The first table presents the maximum power that could have been achieved by the collection of the inputs, while the second table shows a more realistic figure for power generation.

	
	Power
	Operation Time
	Total

	Solar Panel
	150 Watts
	12 Hours
	1,800 W*hr

	Wind Turbine
	200 Watts (average)
	10 Hours
	2,000 W*hr

	DC Generator
	120 Watts
	1 Hour
	120 W*hr

	Total
	470 Watts Max (Instantaneous)
	---
	3,920 W*hr


Figure 5.1A Maximum Daily Power Production

	
	Power
	Operation Time
	Total

	Solar Panel
	80 Watts
	6 Hours
	480 W*hr

	Wind Turbine
	100 Watts (average)
	6 Hours
	600 W*hr

	DC Generator
	80 Watts
	1 Hour
	80 W*hr

	Total
	260 Watts Max (Instantaneous)
	---
	1160 W*hr


Figure 5.1B Realistic/Average Daily Power Production

The next component to be selected was a battery.  Research was performed, and it was found that a lead acid, deep cycle battery was the best choice for use in the project.  Then, the choice had to be made between three different types of deep cycle including flooded, gel, and absorbed glass mat.  In the end, the absorbed glass mat battery was found to be superior, and the advantages and disadvantages are listed in the table below.
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Figure 6C Advantages and Disadvantages of an Absorbed Glass Mat, Deep Cycle Lead-Acid Battery

One note to make about recharging batteries was that they were very sensitive to overcharging, and undercharging.  In fact, battery life would have been shortened if the correct battery recharging methods were not used.  The graph below shows the 4 different stages for charging an absorbed glass mat battery.  The various stages included bulk, absorption, equalization (optional), and float.  The stages also occurred in this order during charging.  The blue line shows the proper voltage for the battery, while the red line shows the current.    
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Figure 6D Absorbed Glass Mat VRLA
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Discharging a battery too deeply could also have shortened the life of a battery dramatically as well.  The table below shows the number of life cycles an AGM battery would have lasted for various depths of discharge.  The decision was made to use 50% as the lowest possible discharge for the Green Box.  At this moment, the system would not shut off automatically, but notify the user to stop drawing power.

	Capacity Withdrawn
	AGM Life Cycles

	100%
	200

	80%
	250

	60%
	500

	40%
	1200

	20%
	3200


Figure 6E AGM Battery Life Cycles vs. Depth of Discharge

The details of an absorbed red glass mat battery were researched and the details are presented in the table below.  This battery was chosen since it matched the power output from the Green Box inputs for one day.  This lead to the most efficient system if used on an everyday basis.  

	Attribute
	Value

	Manufacturer
	Werker

	Voltage
	12 Volts

	Power
	100 AmpHours

	Price
	$280.00

	Weight
	75 Pounds

	Dimensions
	14 x 10 x 9 Inches


Figure 6F AGM Battery Specifications

After the battery was chosen, the most efficient method of charging the absorbed glass mat battery was researched.  Various ideas were presented including using a single charge control with 3 voltage regulated inputs.  This was found to lead to power loss and unnecessary design complexity.  So, a charging system using separate charge controllers for each generator was then discovered to be the best option.  Voltage regulators were also unnecessary, since the charge controllers had this feature built in.  This design also allowed for the inputs to be interchangeable, and a setup with all solar panels or all wind turbines could have been used.   The table below shows the details of each of the charge controllers.

	Attribute
	Value

	Current
	35 Amps

	Voltage
	12 or 24 Volts

	Cost
	$100

	Weight
	2.5 pounds

	Size
	8 x 5 x 2 inches

	Features
	· Microprocessor Control

· Pulse Width Modulation

· Absorbed Glass Mat Compatible

· Solar or Load Diversion Modes

· Battery Temperature Sensor

Note:  The Xantrax C35 is for indoor use only.


Figure 6G Xantrax 3-Stage Charge Controller – (C35)

Now that the Green Box had a battery charging system, as well as the battery itself, the inputs which generated power were then researched.  The first was the solar panel.  It was discovered that four types of solar panels existed including monocrystalline, polycrystalline, amorphous, and finally Copper Indium Gallium de-Selenide (CIGS).  It was then discovered that polycrystalline was the best choice for the green box, since it was moderately efficient, cheap, and readily available for purchase.  Amorphous solar panels were found to be too uncommon, while monocrystalline too expensive.  The table below shows a sampling of the various prices of solar panels.  In the end, the solar panel that was chosen was a Sun-100(M) because of the cheap price per watt ($2.78/Watt).  This solar panel was chosen because the decision was made by the group to focus on the Green Box system itself, and consider a solar panel as an input.  Therefore, the solar panel was used for demonstration and testing purposes only.
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Figure 6H Monocrystalline and Polycrystalline Solar Panel Details 

The map below shows the best areas in the United States for solar energy production.  The best area lies in the southwest around Arizona and Nevada, but an abundance of sunlight is still available in places which are colored orange and yellow as well.  
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Figure 6I Solar Radiation in the United States
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Methods of increasing solar panel efficiency were then discussed including a cooling system, mirrors, and finally a solar tracking unit.  The drawing below shows the basic operation of the tracking device.  Two photosensitive diodes could have been used, and a motor would have turned in the direction of the diode which had a greater amount of sun.  This sunlight reading would update every few seconds to make sure maximum efficiency was obtained.  In fact, efficiency could have been increased by almost 40% compared to a stable solar panel.  Once again, these methods were not utilized, since the Green Box viewed the solar panel as an input and not a part of the system itself.
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Figure 6J One-Axis Solar Tracker

Wind turbines were then discussed and two different models were presented as shown below.  The first was a horizontal-axis wind turbine, and the second was a vertical axis wind turbine.  The vertical axis was found to be a poor decision, though, due to decreased efficiency and poor availability in the marketplace.  The final constructed wind turbine is shown below in Figure 6L  
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Figure 6K Example of a Small Horizontal-Axis Wind Turbine
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The wind turbine was also required to be small, but efficient at low speeds.  This was because the motors in wind turbines produce exponentially more power with higher wind speeds, as shown in the graph below.   This graph is from the 400W model SunPower Wind turbine that was chosen for The Green Box, since it fit extremely well.
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Figure 6M Wind Speed vs. Power Output Chart for Sunforce Products Model 44444 400W Wind Turbine System

Permission Pending

Areas in the United States where wind energy production was most efficient were also researched.  The map below shows states in blue and red which were rich in wind.  These windy areas generally lie on the north coasts of the Pacific and Atlantic oceans. 
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Figure 6N Wind Resources in the United States
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The last input for the Green Box was the human power generator.  Various designs were discussed, and a system which used an Ametek direct current permanent magnet motor was chosen.  This was powered by a 3.25:1 gear system which consisted of an old bike assembly for a human to pedal, similar to an exercise bike.  So, the human power generator could also have doubled as an exercise machine.   The photo shown below was the complete human power assembly.
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Figure 6P The Green Box's Human Power Assembly

Image courtesy of www.staminaproducts.com
Reprinted with permission of Stamina Products, Inc.

Various ways of charging a battery with the output from the human power generator were discussed.  The circuit below shows a charger which was capable of 150 watts, which was perfect for the Green Box.  However, it was discovered that voltage regulation would have been unnecessary, since the 3-stage charge controllers discussed previously have this feature built in.
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Figure 6Q Voltage Regulator Circuit & Oscilloscope Output

The complete system for power generation and storage is now complete.  The next feature of the Green Box was power output.  Three voltage outputs were available including 12 volts direct current, 5 volts USB direct current and 110 volts alternating current.  These outputs were chosen since they were by far the most common for household products.  Various schematics were researched for inverters, such as the one shown in the figure below.  The problem with these designs were that they were only rated for power outputs of fewer than 150 watts.  The Green Box desired powering multiple devices, totaling 1000 watts.  Therefore, the decision to use a commercially produced pure sine wave inverter was chosen.  The USB 5V output was made by using a 5 volt regulator on the PCB.

[image: image95.emf]
Figure 6R Possible DC/AC Inverter for use in The Green Box
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Another component for the Green Box was a display system for the consumer.  This was used to present various types of information to the user such as battery voltage, percent charged status, number of kilowatts used, amount of money saved, and warnings to prevent system failure.  This was done by the use of a microcontroller, and a LCD display as shown below.  A buzzer and 12V DC fan were also used.  
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Figure 6S Typical Alphanumeric LCD Display
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The final component of the Green Box was the enclosure in which all sensitive and high power equipment fit into.  This included everything other than the three green inputs.  Although this container stayed inside, the box was still able to withstand moderate weather conditions. The battery, three charge controllers, distribution block, printed circuit board, alarm components, LCD, input receptacles, output receptacles, wiring and pure sine wave inverter were all enclosed in this box.  Finally, The Green Box itself was  painted green, to go along with the theme of the project.

Figure 6T The Green Box (Complete System)

7  Testing

Introduction to Testing

Although the specifications of the project are a great description for what The Green Box is capable of, it is important to describe how the group defined if the project works or not. The testing section ultimately described how we determined the state of the project. It was divided into several sections: human power generation, wind power generation, solar power generation, battery charging, power storage, power output, device protection, and software. After every section was certified to work, a final overall testing took place using real environmental conditions. This section will provide basic information on how each portion of the project will be tested. Following sections specify exact directions on testing.

Power Generation Testing

Human Power Mechanism

Once the human power generator was constructed, the testing phase immediately began. The generator’s dyno-chart was used to match power created versus RPM. Once it was verified that usable energy could be produced mechanically, the output of the generator was connected to multimeters to determine the strength of output current at various voltages. 

The first step in testing the Human Power Generator was to test the DC motor. This motor was tested for factory flaws and shorts before it was attached to the bicycle stand. Alligator clip leads were attached to each of the motor’s power input wires. A multimeter was set to ohms. When the ohmmeter was attached to the motor via the alligator clips, it received an immediate reading anywhere between 10 to 100 ohms. This wide range is due to the carbon brush connection of the rotor windings. The motor shaft was rotated very slowly. The reading on the ohmmeter predictably changed, again because of the carbon brushes on the commutation plate. One of the alligator clips was removed from the motor’s input. It then touched one of the motor’s metal plates to detect if there are any shorts to ground. Because the ohmmeter read infinite ohms, the motor had no short to ground. Again rotating the motor shaft, the meter was still reading infinite ohms. Since there was no change in the multimeter’s readings, this meant there is no short circuit in the DC motor, and the short circuit factor flaw test was completed. The checklist for this test is below.

· Attach alligator clips to the DC motor generator’s input and outputs.

· Use a standard multimeter or ohmmeter set for DC Ohms and connect the leads to the alligator clips.

· Verify the DC motor is within 10 to 100 ohms.

· Spin the motor shaft so that the carbon brushes move on the commutation plate.

· Check to see if the ohmmeter varies in resistance readings.

· Remove one of the alligator clips and touch it to a grounding metal plate anywhere on the DC motor

· Check the ohmmeter to see if it reads “infinite” or a very large resistance, or if it measures a resistance.

· If it measures a resistance, it is short circuited.

The next test was to determine if the motor worked with the bicycle drive. After the generator was connected to the pedals in accordance with the design, the generator was hooked up to a multimeter such that it tested an open circuit voltage. The voltmeter was set to DC volts on 200 V range, so that it accurately read the voltage produced by the DC motor. One of the group members pedaled the bicycle at different speeds. Another group member determined the voltage generated from the pedaling. After the generator stopped spinning, the multimeter was disconnected and reconfigured for a short circuit test of DC current. This test determined how much current was being produced. Once attached, the bicycle was pedaled again. The other group member recorded the amount of current produced. This will gave an accurate assessment as to the amount of current flowing to the battery.

The following is a checklist for the procedure:

· Connect the DC motor to the bicycle in accordance with design plans.

· Attach a multimeter set to DC Volts at 200 V range to the input and output of the DC motor.

· Begin pedaling the bicycle and measure voltage at different speeds.

· Once finished, reconnect the input and output for short circuit current testing.

· Set the multimeter to measure DC Current at 10A range.

· Begin pedaling the bicycle and measure voltage at different speeds.

· Record the amount of current produced on average at different speeds.

Wind Power Generator

As wind turbines are an outdoor method of generating power, the group wanted to spec the equipment outdoors against environmental conditions. Again, using multimeters and oscilloscopes, we would then determine the energy produced and the amount of current flowing from the system. If the outcome of trials varied from the original design, the design may have had to have been altered towards optimization of equipment.

Dependant upon the wind turbine ultimately chosen, the group needed to test it against its power rating chart to find out exactly how much power it was expected to generate. Information on the specific model’s performance can be obtained from the manufacturer. The turbine was tested against this using the following steps. Because the Turbine, when spinning above its rated turn-on threshold, will be producing live voltage, it was necessary to make sure that all connections were made when before this operation point.

There were several possible options available for testing locations. Orlando Executive Airport located off of East Colonial Drive reports that its annual average wind speed is 8.5mph. Average wind speeds for the city of Orlando have been reported as 7.2 mph  in August , 7.6 mph in September, 8.6 mph in October, 8.6 mph in November, and 8.5 mph in December. These average wind speeds mean that, ideally, any day of any month during the Fall 2009 semester may be suitable for demonstration and testing of the wind turbine. Even though at these wind speeds the turbine would be spinning and the generator would be producing DC V\voltage and current, it may have been practical to bring the wind turbine to a wind tunnel in order to actually test the performance at it’s peak generating capabilities, it may have been necessary to travel to SkyVenture and use their wind tunnel to test the abilities of The Green Box.

The first test attempted was an open voltage test of the built in DC Generator. During testing, though, it was discovered that the turbine’s built-in circuitry prevented this sort of test.  Therefore, to perform any sort of testing on the wind turbine, the turbine itself had to be connected to a load.  The initial wind turbine testing was performed by a “back of the truck” method.  The turbine was placed on a stand in the back of a designed member’s truck and connected to the battery which provided the load necessary for turbine operation.  Then, while one member of the design team held the turbine steady, a second member monitored the output current of the turbine, a third member drove the vehicle and various speed around a residential neighborhood.  The fourth design team member recorded results.  Future tests, though, were performed by using a corded drill to turn the turbine as a means of simulating wind.

Because the wind turbine will come with a 12V DC Generator, this may mean that the turbine can directly charge the battery. Using the appropriate gauged wiring, the turbine will then be connected directly to the Absorbed Glass Mat Deep Cycle Battery. Connecting the multimeter in series between the turbine and battery, this will measure if current actually flows and charges the battery, and at what rate the battery can be charged using only the wind turbine in the conditions present. Again, the turbine will only be allowed to freely spin once every wire is confirmed to be in place due to the probability of arcing and shocking any user. When the turbine is spinning, the multimeter will be checked so that the DC current generated will be verified to be flowing into the battery. The wind turbine must be stopped before unhooking any wiring.

The checklist for testing the wind turbine is as follows:

· Verify that the turbine is not spinning before attaching any circuitry.

· Set a multimeter to 200V range DC Voltage.

· Attach the multimeter for an open circuit voltage test of the turbine’s DC generator.

· Allow the turbine to freely spin in current environmental conditions (if only above 6 mph).

· Record the amount of DC Voltage produced and the wind speed at time of testing.

· Verify the turbine is not spinning before disconnecting.

· Allow the turbine to freely spin in current environmental conditions (if only above 6mph).

· Reconfigure the turbine so that it is directly charging the battery, with the multimeter in series to test current.

· Allow the turbine to spin freely in environmental conditions (if only above 6mph).

· Record amount of DC current flowing into the battery to verify it is being charged at current environmental conditions.

· Verify the turbine is not spinning before disconnecting any circuitry.

Solar-Cell Array

In order to test a Solar Panel, the appropriate testing environment needed to be set up. This included the construction of the apparatus on which the solar panel will sit, 3-4 inches above the ground or roof. For safety purposes, the Green Box’s solar panel was tested on ground level following safety guidelines such as making sure that wires were grounded, rubber grips were used and all multimeters were capable of handling the current and voltage load from the solar panel ultimately purchased.

Rating specifications were often found on the back of the solar panel. They were the first consulted. Testing occurred in a “full sun” time of the day, meaning that the sun was fully exposed at, typically, the middle of the day.

Voltage was tested first. This was the open voltage testing. In order to test voltage, a multimeter’s leads were attached at the positive and negative terminals. It was important to note that while exposed to sunlight, photovoltaic cells are live. Live voltage was flowing through the terminals of the output and the risk of causing arcing, sparking or shocking one’s self was real. The multimeter was set to DC Voltage at the 200 V marking and on voltage, not amperes. Again, a photovoltaic cell system will optimally reach it’s specifications rated open circuit voltage which can again be found, typically, on the back of the panel. Once connected and testing voltage, the panel was then rotated so that it was perpendicular to the sun’s rays. This tested, in optimum conditions, the output of the solar cells. A used photovoltaic system will not meet the original design specifications. A new photovoltaic system will, sometimes, be operating 10% higher than specifications list because the system will wear down over time.

Next, the short circuit current was tested. The number found in the specifications was the current that was tested for. The photovoltaic cell could have been covered up completely in order to test the current. The method chosen, though, was turning the cell away from the sun to that it is not absorbing direct photons. The reason for this safety precaution was so that there is not severesparking when hooking the photovoltaic cell to the multimeter. Photovoltaics in daylight are live. The leads from a multimeter had to be pushed firmly into the input and output of the panel, and the DC Amperes were set on 10 Amperes range. Once connected the unit was turned to face the sun again. Once directly facing the sun, the solar panel was tilted so that it was facing the sun perpendicularly. The recorded current was then measured against the specifications on the back of the panel to test for actual output. Efficiency of the system was determined after testing was complete.

These two tests can be performed before purchasing a Solar Panel so that the system is confirmed to work as rated or better. To find how much power is being produced, this simple equation for DC power is applied:

DC Watts = Voltage x Current

Where power is measured in Watts (W), voltage is measured in Volts (V), and current is measured in Amperes (I). The power generated in full sunlight depends upon the resistance of the electrical load connected to it. Ohm’s law states that V = I x R, meaning that a simple method of measuring power output of a solar panel is to connect different values of resistors of to the panel and measure the voltage. The measurements can be used to plot the power output, and a performance graph for the individual panel. Since the manufacturer of the photovoltaic cell panel usually has this chart already prepared, results from individual testing can check the actual against the theoretical. 

In order to accurately assess the solar panel’s charging ability, the panel must actually be attached to the absorbed glass mat deep cycle battery. Because the photovoltaic cells will be producing DC voltage and current, it can be applied directly to the battery using the appropriate gauged wire. A multimeter can then be connected, though short circuit, to find how much current is flowing through to the battery, as well as test the resistance of the battery. Once this is completed, using the same equations as before, an accurate assessment of how well the solar panels are actually charging the battery can be made and actual power estimates can be produced. It is important to reemphasize the importance of completing these tests at a period of day when the sun is fully shining and the solar panel is aimed directly at it. Only when direct sunlight is absorbed will the system perform at its peak ratings.

To reiterate its importance, utmost caution must be used in connecting the solar panel to anything while in direct sunlight. Under sunlight, the photovoltaic cell is producing DC voltage and current and can cause sparking when connecting.

Solar Panel Testing Checklist:

· Multimeter always set to DC Voltage

· All tests performed during “Full Sun”

· Turning photovoltaic cell away from sunlight, connect multimeter

· Open Circuit Voltage test using 200 volt scale on multimeter

· During testing, rotate the photovoltaic cell both into and then away from sunlight

· Turn the photovoltaic cell away from sunlight, disconnect multimeter

· Switch the multimeter to DC Amperes

· Connect to the solar panel outputs for a short circuit measurement

· Turn the photovoltaic cell into the sunlight

· Rotate the photovoltaic cells perpendicular to sun to measure full DC current

· Turn the photovoltaic cell away from sunlight to disconnect

· Connect the Solar Panel directly to the AGM Battery using appropriate gauged wiring

· Connect the multimeter and set to DC Amperes to measure the amount of DC current flowing into the battery.

· Rotate the photovoltaic cells perpendicularly into and away from direct sunlight

· Record highest amount of current drawn.

· Turn the photovoltaic cells away from the sun and disconnect the battery.

Total System

The overall test of The Green Box involved connecting all components and utilizing all systems at once. This testing involved environmental testing for the solar panel and wind turbine, as well as human power conditions of a test subject (group member in average shape). It checked if all components were working as specified in individual tests. It also checked how well the battery charges when being powered by all three power sources.

The test determined that an average person can use the directions to set up The Green Box for use it as desired. This test was for the group to make adjustments to directions, as well as take in account suggestions that consumers may have before finalization.

Testing continued until it was determined that The Green Box was finalized.

Power Storage Testing

Testing the Battery Charging System

The battery charging system was ultimately a test of whether or not a DC signal is being sent into the battery. Because the Solar Panel has the ability to directly charge the battery with DC signal and will already have been tested, the charging system needed to be tested for the human power generator and the wind turbine. 

The design group decided that the best option in charging the battery was through the used of the solar panel as it provided the most consistent power production of the inputs and did not require a group member for operation.  To that end, the panel was connected to the box through input 1 as the input current and battery terminal voltages were periodically checked and recorded.  The wind turbine and the human power generator were later placed into operation and connected to inputs 2 and 3 while, again, the input current and battery terminal voltage were recorded.  This test was performed beginning at 9 in the morning and ended at 5 in the afternoon.  It was a mostly sunny day with temperature ranging from 72°F to 88°F.  Below is a chart indicating the battery terminal voltage and the input current at various times of this testing procedure.
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Figure 7.3A Charge Test Chart

Battery Charging System Checklist:

· Verify that the charging system is complete and connected to the battery.

· Connect a multimeter measuring DC Amperes in series between the charging system and the battery

· Connect the Solar Panel to the system through the DC input 1

· Periodically measure the input current and battery terminal voltage

· Periodically utilize the wind turbine and the human power generator connected though DC inputs 2 and 3

· Periodically measure the input current and battery terminal voltage while all three inputs are connected and in operation

· Check for and record any unexpected behavior and/or flaws in equipment or design

Power Output Testing

After the battery was initially charged using the system, the circuit designed for discharging the battery was tested against the specifications the group initially set. The first output tested was the 12 volt dc output.  The output was tested by first using a Multimeter to test the voltage at the output and then by using a portable air pump with a 12 volt dc connection.  Once the device turned on, it was confirmed that the output worked properly.  The next output tested was the 5 volt USB charger.  To test this device, a Multimeter was used to check the voltage at the output which was verified as being 5.0 volts, DC.  

The next sets of tests were performed on the ac outputs to verify that the inverter has the ability to provide a pure sine wave output and can operate at varying battery voltages.  The initial tests were performed with a battery terminal voltage of 12.5 volts.  An oscilloscope was used to measure the frequency and VRMS waveforms under various stresses.  First, the system was check with no load, then with a 300 watt load, then with a 720 watt load and finally with a 720 watt load and 15 amps of current provided by the inputs.  This procedure was repeated with battery terminal voltages of 12.1 and 11.7 volts.  Below are the results of the 12.5 battery terminal voltage test and the 11.7 battery terminal voltage test.
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Figure 7.4A Output Testing at Battery Terminal Voltage of 12.5 V (>80% charge)
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Figure 7.4B Output Testing at Battery Terminal Voltage of 11.7 V (<30% charge)

Device Protection Testing

To perform the device protection testing, a 40 amp circuit breaker was placed between the battery and the inverter.  A toaster was then used to create an output dc current of more than 40 amps and verification was made that the breaker “tripped” when the current exceeded 40 amps.  This procedure was repeated for each of the 40 amp breakers.  The test for the 100 amp breaker was similar; however, a 1220 watt load was applied at the ac outlet.  Initial temperature sensor testing was performed at room temperature using a digital thermometer for checking accuracy.  To verify operation of the exhaust fan and audible alarm, a hair dryer was used to quickly heat the box above the “turn-on” set points (80°F for the fan and 84°F for the alarm).  The box was then allowed to cool below the “turn-off” set points (83°F for the alarm and 79°F for the fan) and verification was made that the devices turned off when expected.

Software and Message Display Testing

Once the coding had been written and programmed, it needed to be tested extensively to show that it was working properly.

On the second screen of the message display, the status of the 3 inputs were displayed, this is to say the amount of current that they were currently feeding in.  This involved taking readings with a Fluke current meter and tuning each of the current sensors in software by changing a factor until the readings were correct.  Testing was also performed to prove that the 3 sensor readings were being displayed properly and weren’t mixed up.  Testing also was performed to show that all 3 sensors could be read and displayed simultaneously.

On the third screen of the message display, the battery voltage, temperature, and AC output current are displayed.  The AC current output sensor was tested in the same manner as for the 3 DC current sensors described above.  The battery voltage was tested using a digital multimeter, and the reading that the microcontroller was reading was tuned using a factor until they agreed.  The same was repeated for the temperature sensor.  

On the fourth screen of the message display, the amount of energy output to date is displayed.  Testing was performed to verify that the running wH total was accumulating at the proper rate due to current flowing out of the AC output.  It was also verified that this data was preserved when power was interrupted. After that had been confirmed, testing was done to confirm that the dollars saved so far was indeed an accurate representation.

8  Administrative

Milestones

Our goals are to have research and design done in the first semester, with production and testing occurring in the second semester.  Details can be found in Figure 8.1A below. 
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Figure 8.1A Milestone Schedule

Budget & Ultimate Ownership

The Green Box prototype was funded by the group. The project’s initial estimates reach $2,000 dollars. Individual contributions and parts may be acquired through emails to companies getting “free samples” or “price reductions”. The option to have this project sponsored is still open, but the group feels it is best to pay at a pro rata share for all costs. Group members will enter each purchase of products and building material or every donation by group member, family and friends of group members, or sponsors into a spreadsheet designed to keep track of budget. 
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Figure 8.2A Milestone Schedule

It has been agreed upon by group members that the wind turbine and the solar panels will be given to their member or sponsor who donated the money for purchase. The idea will be the creative property of the group, as it reserves the right to eventually incorporate and patent the project as a alternative energy home power generator. The group also reserves the right to sell The Green Box to recover some of the budget.

Conclusion and Project Summary

It was our goal to learn about alternative energy. Researching and designing an alternative energy home system proved exciting. We have learned about several fields of electrical engineering and project dynamics (circuit design, mechanical energy conversion, solar power, testing, procurement and budgeting). The Green Box group has been determined to overcome challenges and learn more about alternative energy, production, and testing. It will be of upmost importance to maintain a professional relationship between group members as we finalize The Green Box. We are confident that we will successfully complete the production and testing phases while learning from our experiences in project designing. 

The Green Box is a project geared towards home power supply. It is divided into three focuses: power generation, power storage, and power output. The design includes three different types of power generation: human power generation (ie: Bicycle or hand crank turning a generator), solar power or photovoltaic cells, and a wind turbine. Energy generated will trickle charge an absorbed glass mat battery via a voltage regulator and full wave rectifier. Once energy is stored in the battery, it will have power outlets ideal for use around a house (ie: powering mobile phones, iPods, laptops, etc.).

The Green Box was made portable, flexible, safe, and usable to the average consumer, meeting its initial goals! It is important to note that over the course of the project, many more features were included, such as a 5V USB charging port, a microcontroller powering an alarm and a fan that also read the amount of current entering the system and leaving through AC Power, as well as a char
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From: Douglas Dolan <douglas.dolan@fairchildsemi.com>
Date: Thu, Aug 6, 2009 at 7:53 AM
Subject: Re: Fairchild FAN4800I PFC Controller Block Diagram
To: burleighb1@gmail.com
Cc: Douglas Dolan <douglas.dolan@fairchildsemi.com>
 
 
Hello Brett,
Fairchild approves the use of the FAN4800I PFC Controller block
diagram in your design paper.
 
Please include the following to indicate the origin and copyright ownership.
 
           © 2005 Fairchild Semiconductor Corporation
 
Best of luck on you design project.
 
Best regards,
******************************************************************************************
Doug Dolan
Staff Patent Engineer - Corp. Legal Group
Office: 207.761.6038
douglas.dolan@fairchildsemi.com
Saving our world, 1mW at a time™... only print what you need
******************************************************************************************
This e-mail is from the Fairchild Semiconductor legal department and may contain
confidential or legally privileged information or attorney-client work
product. This
e-mail is intended exclusively for the individual or entity to which
it is addressed. If
you have received this e-mail in error please notify the sender by
return e-mail and
delete it from your computer system. Please do not copy, disclose or
distribute the
e-mail to others. Thank you.
******************************************************************************************
 
---------- Forwarded message ----------
From: Brett Burleigh <burleighb1@gmail.com>
Date: Tue, Aug 4, 2009 at 11:35 AM
Subject: Fairchild FAN4800I PFC Controller
To: media.relations@fairchildsemi.com
 
 
To whom it may concern:
 
My name is Brett Burleigh and I am representing a group of students
from the University of Central Florida currently taking Senior Design.
We are currently exploring the use of Power Factor Correctional
Controllers and have considered the use of the FAN4800I for our design
project. We would like to request the use of the PFC block diagram of
the FAN4800I for design purposes and reproduction in our design paper.
This project is for educational use only and no commercial interests
will be pursued.
 
If permission for use is granted, please email me back at
burleighb1@gmail.com. If you have any questions, I am available all
day at (904)-219-4795.
 
Thank you for your time. I hope to hear from you soon.
 
Very respectfully,
Brett H. Burleigh
University of Central Florida College of Electrical Engineering
Group 5 - The Green Box
Email: burleighb1@gmail.com
Mobile: (904)-219-4795

Figure 4.1.5A, 4.1.5C, 6K, 6N

Can I copy articles from Wikipedia?

Yes, but with certain restrictions. All of Wikipedia's text, except clearly marked quotations used under the non-free content policy, is available under a special license called the Creative Commons Attribution/Share-Alike License 3.0. Much of the text is also available under the GNU Free Documentation License; images may be available under different conditions. See our copyright information page for more details.

Important note: since the Wikimedia Foundation does not own the copyright to the articles on Wikipedia, it is useless to email any of our contact addresses for permission to reproduce articles or photographs. Emails to those addresses about this issue will be returned with a message to see relevant licensing conditions. Due to the complexity of copyright licenses, and the variety of copyright legislations across the world, we cannot answer inquiries about how to apply a certain license in specific circumstances; if you need legal advice, we advise you to seek it from a lawyer.

Figure 5.5B and 6M

Permission to use image‏

	From:
	 SHAPE 


neely_patrick@knights.ucf.edu 

	Sent:
	Thu 8/06/09 9:23 PM

	To: 
	info@sunforceproducts.com


To Whom It May Concern:
 
My name is Patrick Neely and I am a student at the University of Central Florida.  I am writing to request permission to use the image "400watt_chart.jpg" from your website in a paper I am writing on green energy for a class.  Thank you in advance for your help.
 
Thanks again for your time,
Patrick Neely
neely_patrick@knights.ucf.edu
Figure 5.5A

Permission to use image‏

	From:
	 SHAPE 


neely_patrick@knights.ucf.edu 

	Sent:
	Thu 8/06/09 9:24 PM

	To: 
	info@talcoelectronics.com


To Whom It May Concern:
 
My name is Patrick Neely and I am a student at the University of Central Florida.  I am writing to request permission to use the image "112.jpg" from your website in a paper I am writing on green energy for a class.  Thank you in advance for your help.
 
Thanks again for your time,
Patrick Neely
neely_patrick@knights.ucf.edu
Figure 4.1.8A, 4.1.8B, 4.1.8C, 6S

Permission to use images‏

	From:
	 SHAPE 


neely_patrick@knights.ucf.edu 

	Sent:
	Thu 8/06/09 9:25 PM

	To: 
	info@newark.com


To Whom It May Concern:
 
My name is Patrick Neely and I am a student at the University of Central Florida.  I am writing to request permission to use the images from your website of products 96K7140, 05M0513, and 43K7055 in a paper I am writing on green energy for a class.  Thank you in advance for your help.
 
Thanks again for your time,
Patrick Neely
neely_patrick@knights.ucf.edu
Figure 4.1.5B, 6L

Permission to use image‏

	From:
	 SHAPE 


neely_patrick@knights.ucf.edu 

	Sent:
	Thu 8/06/09 9:26 PM

	To: 
	info@wind-power-generator.com


To Whom It May Concern:
 
My name is Patrick Neely and I am a student at the University of Central Florida.  I am writing to request permission to use the image "Vertical_Axis_Wind_Turbines.jpg" from your website in a paper I am writing on green energy for a class.  Thank you in advance for your help.
 
Thanks again for your time,
Patrick Neely
neely_patrick@knights.ucf.edu
Figure 4.1.3A, 6D

To: windsun@wind-sun.com 

To whom it may concern,

         Hello, my name is Alec and I'm a senior at the University of Central Florida.  I'm enrolled in Senior Design I, and want to use the photo attached to this email for a research document on alternative energy systems.  I'm emailing you for permision, since it was posted on your website.  This photo will be used for educational purposes only.  Thank you.

----Alec
hrbraves@aol.com
Response:

That is from these folks http://www.mauisolarsoftware.com/ - however I don't think they are in business anymore.

Figure 4.1.3B

To:  windsun@wind-sun.com
To whom it may concern,

         Hello, my name is Alec and I'm a senior at the University of Central Florida.  I'm enrolled in Senior Design I, and want to use the photo attached to this email for a research document on alternative energy systems.  I'm emailing you for permission, since it was posted on your website.  This photo will be used for educational purposes only.  Thank you.

----Alec
hrbraves@aol.com
Figure 4.1.4A

Alec:

You can use this diagram, which is in the public domain.  We would appreciate it though if you could credit us by including in your caption something like 

"courtesy of the Office of Renewable Energy and Energy Efficiency, Solar Energy Technologies Program)."

DON

-----Original Message-----

From: hrbraves@aol.com [mailto:hrbraves@aol.com] 

Sent: Sunday, August 02, 2009 8:26 PM

To: Webmaster Solar

Subject: Solar Energy Technologies Program Webmaster Message

To whom it may concern,

         Hello, my name is Alec and I'm a senior at the University of Central 

Florida.  I'm enrolled in Senior Design I, and want to use a photo on your 

website for a research document on alternative energy systems.  I'm emailing you for permission, since it is posted on your website.  The address is:

http://www1.eere.energy.gov/solar/solar_cell_materials.html

This photo will be used for educational purposes only.  Thank you.

----Alec

Figure 4.1.4C, 6I

To:  davor.habjanec@gmail.com

To whom it may concern,

         Hello, my name is Alec and I'm a senior at the University of Central Florida.  I'm enrolled in Senior Design I, and want to use the photo attached to this email for a research document on alternative energy systems.  I'm emailing you for permission, since it was posted on your website.  This photo will be used for educational purposes only.  Thank you.

----Alec

Power Inverter:

Disclaimer posted on website of Seiichi Inoue

 

http://hobby_elec.piclist.com/e_menu.htm
 

The use of the contents of my website is free. However, you are strictly forbidden to engage in any act which will lead to direct pecuniary profit from the contents of this website. For example, the sale of any information contained within these pages, or charges for access to the information. Furthermore, if you choose to quote any information found within the pages of this website, you do so at your own risk.
The author accepts absolutely no responsibility for any loss or damages occurring from the use of the information contained by this website.
Please understand this before you use the information in any way.

Exercise Bikes:

 RE: Use of Image Tuesday, July 28, 2009 1:44 PM

"Colleen Logan" <clogan@iconfitness.com>

"Eric Eiermann" <ericeiermann@yahoo.com>

Hi Eric

You have our permission to use an image from our website on our report. Please credit www.iconfitness.com

as the owner of the image.

Just wondering what your report is about and why you selected an exercise bike.

Treadmills are by far the largest category of fitness equipment.

Colleen Logan

From: Eric Eiermann [mailto:ericeiermann@yahoo.com]

Sent: Monday, July 27, 2009 7:53 PM

To: Public Relations

Subject: Use of Image

Ms. Logan,

I am an engineering student at the University of Central Florida and am working on my senior design

project. I would like to request permission to use an image of a product from your website in my

report. I will, of course, site your company and website as the owner of the images and list the

images as copyright protected. The product is the Weslo Pursuit 4.0 Exercise Bike and the page

containing the images is as follows:

http://www.weslo.com/webapp/wcs/stores/servlet/Product_-1_13001_14852_23011_39574

Thank you in advance,

Eric Eiermann

 

Permission to use image Friday, July 31, 2009 10:38 AM

"Diane Zipf" <dianez@staminaproducts.com>

ericeiermann@yahoo.com

Hello Eric,

You have Stamina Products, Inc.’s permission to use the image as described below.

Sincerely,

Diane

Diane Zipf

Stamina Products, Inc.

Marketing Manager

P.O. Box 1071

2040 N. Alliance

Springfield, MO 65801

Phone: 417-889-7011

Fax: 417-889-8064

dianez@staminaproducts.com

-----Original Message-----

From: Eric Eiermann [mailto:ericeiermann@yahoo.com]

Sent: Tuesday, July 28, 2009 4:05 PM

To: team9@staminaproducts.com

Subject: TEAM9-Use of Image

To whom it may concern,

I am an engineering student at the University of Central Florida and am working

on my senior design project. I would like to request permission to use an image

of a product from your website in my report. I will, of course, site your

company and website as the owner of the images and list the images as copyright

protected. The product is the Stamina InStride Cycle XL and the page containing

the images is as follows:

http://www.staminaproducts.com/product_detail.cfm?ProdID=15-0120A

Thank you in advance,

Eric Eiermann

Roller vs Pulley:

Re: Use of images Friday, July 31, 2009 2:28 PM

"brad@pedalpowergenerator.com" <brad@pedalpowergenerator.com>

"Eric Eiermann" <ericeiermann@yahoo.com>

You can use them on these conditions;

1- YOu refer to my company as Pedal Power Generators LLC

2- And my web site http://pedalpowergenerator.com

3- Send me a copy of your project document, I want to check it out!

> Brad,

>

> I'm an EE student and the title of our project is "The Green Box". We are

> actually building a three input generator with solar, wind and human power

> supplies. We've decided to use a small stationary bike for the human

> power portion and I was hoping to receive permission for use of the

> referenced images as examples of different ways to drive the generator.

>

> Thank you again,

>

> Eric Eiermann

>

>

>

> --- On Fri, 7/31/09, brad@pedalpowergenerator.com

> <brad@pedalpowergenerator.com> wrote:

>

>

> From: brad@pedalpowergenerator.com <brad@pedalpowergenerator.com>

> Subject: Re: Use of images

> To: "Eric Eiermann" <ericeiermann@yahoo.com>

> Date: Friday, July 31, 2009, 10:17 AM

>

>

> What kind of engineering student are you? EE? ME?

>

> What is the title of the project? Did you build a bike generator?

>

> Brad

>

>

>> Brad,

>>

>> I am an engineering student at the University of Central Florida and am

>> working on my senior design project. I would like to request permission

>> to use two images from your website in my report. I will, of course,

>> site

>> your company and website as the owner of the images and list the images

>> as

>> copyright protected. The images are the roller and belt

>> examples located

>> at the following link:

Re: Use of images - Yahoo! Mail Page 1 of 2

http://us.mc337.mail.yahoo.com/mc/showMessage?sMid=1&fid=Permission%2520Granted... 8/3/2009

>>

>> http://www.scienceshareware.com/bicycle-generator-faq.htm#How%20much%20power%20can%20a%

20human%20put%20out

>>

>> Thank you in advance,

>>

>> Eric Eiermann

Generators:

FW: FW: Leeson.com - Ask Leeson Friday, July 31, 2009 4:12 PM

"Nikki Hernandez" <nikki@tiscotampa.com>

ericeiermann@yahoo.com

Eric,

Thanks for checking with us. You may use the information for your report.

Regards,

Nikki Hernandez

From: Cindy.Perez-Rondeau@leeson.com [mailto:Cindy.Perez-Rondeau@leeson.com]

Sent: Thursday, July 30, 2009 4:31 PM

To: Nikki Hernandez

Subject: Re: FW: Leeson.com - Ask Leeson

Hello Nikki,

Thanks for forwarding that on to me. It is not a problem for him to use the logo or the photos, etc., in his report.

It's when people don't ask permission that we usually end up with issues.

From: leeson.noreply@regalbeloit.com [mailto:leeson.noreply@regalbeloit.com]

Sent: Wednesday, July 29, 2009 7:11 PM

To: nikki@tiscotampa.com

Subject: Leeson.com - Ask Leeson

Below is the result of Ask Leeson. It was submitted by

Eric Eiermann(ericeiermann@yahoo.com) on 07/29/2009 18:11:16

Message

To whom it may concern, I am an engineering student at the University of Central Florida and am working on my senior design project. I would like

to request permission to use an image of a product from your website in my report. I will, of course, site your company and website as the owner of

the images and list the images as copyright protected. The image is of the SUB-FHP Low Voltage Motors and the page

Power Inverter:

use of images Saturday, July 25, 2009 6:44 PM

"Eric Eiermann" <ericeiermann@yahoo.com>

customerservice@xantrex.com

To whom it may concern,

I am an engineering student at the University of Central Florida and am working on my senior design project. I

would like to request permission to use images of two of your products from your website in my report. I will, of

course, site your company and website as the owner of the images and list the images as copyright protected.

The pages containing the images are as follows:

http://www.xantrex.com/web/id/191/p/1665/pt/10/product.asp

http://www.xantrex.com/web/id/297/p/2731/pt/7/product.asp

Thank you in advance,

Eric Eiermann

Exercise Bikes:

 Question about MagneTrainer Re: Use of image Friday, July 31, 2009 8:23 AM

"Eric Eiermann" <ericeiermann@yahoo.com>

magneTrainer@3dinnovations.com

To whom it may concern,

I am an engineering student at the University of Central Florida and am working on my senior design project. I

would like to request permission to use an image of a product from your website in my report. I will, of course,

site your company and website as the owner of the images and list the images as copyright protected. The

product is the MagneTrainer ER and the page containing the images is as follows:

http://www.magnetrainer.com/proddetail.php?prod=MAG-TNR

Thank you in advance,

Eric Eiermann

Use of image Tuesday, July 28, 2009 7:02 PM

"Eric Eiermann" <ericeiermann@yahoo.com>

info@isokineticsinc.com

To whom it may concern,

I am an engineering student at the University of Central Florida and am working on my senior design project. I

would like to request permission to use an image of a product from your website in my report. I will, of course,

site your company and website as the owner of the images and list the images as copyright protected. The

product is the Isokinetics Deluxe Pedal Exerciser and the page containing the images is as follows:

http://www.isokineticsinc.com/category/pedal_exercisers/product/dpe1b

Thank you in advance,

Eric Eiermann

Housing Section

------------------------------------------------------------------------------------------------------------

To: Pelican Cases Services

From: BurleighB1@gmail.com

Date: August 4, 2009 2:35PM EST

RE: Use of Pelican 1610 Case Photo

To whom it may concern:

My name is Brett Burleigh and I am representing a group of students from the University of Central Florida currently taking Senior Design. We are currently exploring the use of a picture of your Pelican 1610 case. The referenced picture is attached. This project is for educational use only and no commercial interests will be pursued.

If permission for use is granted, please email me back at burleighb1@gmail.com. If you have any questions, I am available all day at (904)-219-4795.

Thank you for your time. I hope to hear from you soon.

Very respectfully,

Brett H. Burleigh

University of Central Florida College of Electrical Engineering

Group 5 - The Green Box

Email: burleighb1@gmail.com

Mobile: (904)-219-4795

Advantages�
Disadvantages�
�
Less Hazards from Battery Acid�
Expensive�
�
Long Cycle Life�
Sophisticated Charger Required�
�
Fast Recharge Rate�
Extremely Heavy�
�
Low Internal Resistance�
Thermal Runaway�
�
Efficient Power Storage (99%)�
Inferior Cold Cranking Amps�
�
Slow Self-Discharge Rate�
�
�
Spillproof/Leakproof�
�
�
Maintenance Free�
�
�
Install in any Orientation�
�
�
Approved for Air/Ground Transport�
�
�
Efficient in High Temperatures�
�
�
Durable�
�
�
Vibration Resistant�
�
�
Popular is Solar and Wind Systems�
�
�
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