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[bookmark: _Toc229138892]Problem Formulation
[bookmark: _Toc229138893]Introduction
The problem formulation section outlines the problem that needs to be solved. This helps isolate the task at hand in order to find the most effective solution. This section includes the objective statement of the project and a black box model depicting the input and output of the design project.
[bookmark: _Toc229138894]Objective
The objective of this project is to build an educational bicycle powered generator for the Waterpod barge. Figure 1.2.1 shows the input and output of the design project.

 (
The Waterpod barge does not have an effective, educational bicycle powered generator.
The Waterpod barge has an effective, educational bicycle powered generator.
)


[bookmark: _Toc228875977]Figure 1.2‑1 - Black Box Model
This model provides a simplified description of what our final solution will accomplish.

[bookmark: _Toc229138895]Problem Analysis and Literature Review
[bookmark: _Toc229138896]Introduction
The Problem Analysis and Literature Review sections break down the problem and provide background information on the concepts used in the design process. The Problem Analysis section identifies the variables of the design project and their constraints and restrictions. The problem is broken down into inputs, outputs, solution requirements and client criteria. The Literature Review Section researches various topics used to solve the design problem. Topics range from electromagnetism and welding to bicycle mechanics and maintenance.
[bookmark: _Toc229138897]Problem Analysis
Input
The Waterpod barge does not have an educational and functional bicycle powered electricity generator.

	Input Variables
	Input Constraints

	Audience Awareness
	Low to moderate awareness of sustainability

	Audience Interest
	High level of audience interest

	Audience ability to interact
	Must be physically able to ride a bike, appropriate for ages 6-adult

	Energy
	Mechanical energy from people


Output 
Waterpod barge does have an educational and functional bicycle powered electricity generator.

	Output Variables
	Output Constraints

	Audience Awareness
	Increased awareness

	Audience Interest
	Increased interest in sustainability

	Electricity
	12 V DC generation to be stored in Marine Cell batteries


Solution
Human powered electrical generator.

	Solution Variables
	Restrictions

	Transportation to the Waterpod
	Must be air shipped to New York City

	Materials
	Must be durable and inexpensive

	Method of Attachment
	Detachable

	Method of Construction
	Welding and electrical engineering

	Method of Generation
	Mechanical human power


Client Criteria
	Criteria
	Constraint

	Adjustability
	Generator should be adjustable for both children and adult’s bikes. 

	Durability
	Must withstand daily use for six months.

	Cost
	Less than or equal to $300.00.

	Educational Value
	Must demonstrate human powered energy generation

	Safety
	Meets New York electrical codes, safe for use.

	Efficiency
	12 V DC, minimal wattage needed

	Ease of Setup
	Must be easily set up by the client 

	Aesthetics
	Must be presentable and compact

	Maintainability 
	Simple design for easy maintenance by untrained people 


Amount of Usage
The generator will be used almost daily for the six month exhibition period. At shows, it will be used by multiple people for extended periods of time.
Production Volume
One generator will be produced for educational and functional purposes to generate electricity.


[bookmark: _Toc229138898]Literature Review
[bookmark: _Toc229138899]Client Criteria
The client for this project is a group of artist/designers in New York City. They are creating a self sustainable living community called the Waterpod. To create the Waterpod an old barge will be turned into a floating community for six people. They will live on this barge in the bay of New York City for approximately six months. During this time, they will conduct educational events on appropriate technology and sustainable living (Mattingly and McGarvey 2008).

Our team will design a bicycle powered electrical generator to offset the Waterpod's energy needs. The electrical demand on the system will be minimal. The bike generator will mostly be used to power extra lighting during night time events. The generator will be used for demonstrations and educational purposes. The client wants the system to be adaptable for bicycles on site, possibly even children’s bikes. The bike generator would pump extra energy into a marine cell battery system onboard the Waterpod. This battery system requires direct current to charge. This battery system will be charged by bike power as well as wind and pico-hydro power. These marine cell batteries will be used to meet all the energy storage needs of the Waterpod over the 6 month exhibition period.

All materials used for the bike generator must cost less than $300. The generator must be compact and light enough to be shipped to New York City. The generator must also be safe, durable, educational, and aesthetically pleasing. 
[bookmark: _Toc229138900]Bike Energy Generation
Intro to Bike Energy Generation
Effective bike energy generators can be made for under $300. This is comparably less than competing wind and solar generators that run from $1000 to several thousand. Even though these methods of electrical generation produce more energy than a bike generator, they are still dependant on the elements. A bike generator is more accessibly obtained and can produce energy on demand. 
The David Butcher Pedal Powered Generator
David Butcher is a well known expert in the field of pedal power. He began tinkering with bike generators in college. His original design utilized an old exercise bike. It was a primitive design, but effectively generated electricity. He also experimented with wooden wheeled bikes and chain driven generators. Now he uses an improved version of his original design to offset his power needs. He runs his house mainly on solar energy, but became tired of relying on the weather for his energy needs. He now uses his bike generator to power his computer monitor and charge his cell phone and electric razor. David has grown very accustomed to this way of life and claims that man made energy is not an inconvenience to his daily life. Instead, it provides him with an exercise routine and makes him feel that he is contributing to a sustainable lifestyle in his household (Gulland 2008).
Windstream Power
The company Windstream Power is currently marketing two varieties of effective pedal generators. One of them is a stand that can easily convert any bike into a power generator. All generator models put out DC current, and inverters can be attached to convert to AC current for household appliances (Gulland 2008). Some appliances like water pumps can be powered directly by DC current without the inverter.

Windstream Power markets their generators to museums and schools for educational demonstrations on sustainable energy. One demonstration involves a bike generator that can be hooked up to one of two light bulbs. The first bulb is fluorescent and can be lit very easily. The second bulb is incandescent and takes much more pedaling to light. This experiment shows the difference in power consumption between the two light bulbs (Gullard 2008).
Recommended Materials for Bike Generators
The following materials have been used to produce one variation of a bike generator (Erickson 2006). This is only an example list of materials and does not cover all methods of constructing a generator.
· Bike or exercise bike
· Fan belt long enough to encircle the front bike wheel and generator wheel.
· A 24 volt direct current generator, preferably a permanent magnet generator rated at 1800 revolutions per minute (rpm). A motor can also be used here if it is run backward instead of forward.
· 10 gauge solid copper wiring for the connections.
· Voltage regulator of approximately 20 amps to limit the electrical flow when batteries reach full charge and prevent damage to batteries.
· Diode rated at 25 amps and at least 35 volts to keep electricity flowing in only one direction.
· Ampage, voltage and rpm meter to measure the electrical output.
· A 12 V lead-acid marine cell battery to store the electricity produced.

This variety of bike generator uses a fan belt to connect the front wheel of the bike to the gear on the motor or generator. Another common variety of generator has the front wheel directly turn the motor through a gear. The variety without the fan belt is often more durable because fan belts can snap or wear out during operation.


0. [bookmark: _Toc229138901]Bike Mechanics
The mechanics of a bicycle is a complex arrangement of many moving parts as shown in Figure 2.3.1. The core of a bike is the frame which is made of several metal tubes welded together. Each individual tube has a separate name like the top tube, head tube, down tube, and chain stay. The wheels are made of the hub, spokes, metal rim and rubber tire. The chain and gears consist of the front chain wheels, the rear freewheel, the front and rear derailleur, and the shift levers on the handlebars and cables (Papadoloulos 1987). In order for a bicycle to work properly, all moving parts must be maintained. This is especially important for a bike generator application because any malfunctioning part will decrease the efficiency of the generator. 

 (
Figure 
2.3
.
1
 - Bike Mechanics
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[bookmark: _Toc229138902]Bike Maintenance
Introduction
In order for a bike generator to work effectively, all moving parts of the bicycle must be properly maintained. The maintenance of a bicycle can be a complex practice because there are so many individual parts. Following is an overview of maintenance of the wheels, tires, and drive train, which are most important to a bike generator.
The Wheel 
The bicycle wheel, which is comprised of a hub, spokes, and rim, is the building block of every bike. The hub is the axle that anchors the spokes to the wheel. It is comprised of ball bearings which need grease to spin smoothly. The spokes are commonly stainless steel or aluminum and are threaded through the rim of the wheel using nipples. 


The spokes have to be tightened periodically to maintain the wheels “true”. The wheel’s true is the straightness of the wheel. When a wheel is out of “true” it has a wobble when it spins (Papadoloulos 1987). A wobble like this could potentially cause the wheel and the motor in a bicycle generator to lose their alignment.
The Drive Train 
The drive train is responsible for transferring the mechanical power of the peddler to the back wheel of the bicycle. The most important part of preserving the drive train is assuring proper lubrication of the chain, bottom bracket, and cassette. These parts need to be greased periodically when their motion becomes stiff. The chain also requires routine replacement because of stretching and metal fatigue. The cassette of the bike should also be replaced whenever the chain is replaced because the cassette experiences the same amount of wear (Papadoloulos 1987).
The Tires
Tire pressure must be periodically checked so the wheel maintains contact with the motor for the bike generator. If tire pressure is low, the wheel could spin against the generator without actually spinning the generator itself. Tires need to be inflated with a bike pump whenever pressure is noticeably low.
[bookmark: _Toc229138903]Generators
Introduction
Non-conventional sources of energy like wind, tidal and solar were once conventional sources until the creation of the steam engine in the eighteenth century. However the cost of harnessing these energies was quite high due to a total lack of technology. These sources have now been replaced by the use of nuclear power and fossil fuels because they are easily available and easily transported. Fossil fuels and nuclear energy have proved to be large producers of pollution and are finite resources. Also nuclear energy has proven to be hazardous if it is not properly controlled (Wadhwa 1989). A simple generator can also be used to produce electricity. The sustainability of a generator varies widely depending on its source of energy, but many generators are more environmentally friendly than nuclear power and fossil fuels.
Types of Generators
Generators produce electricity, while motors use electricity to operate moving parts. 
One way of creating a generator is by taking a permanent magnet DC motor and running it backwards. This type of motor uses magnets that are stationary within the motor casing while a copper winding rotates around the magnets. This motor uses brushes to make contact with the moving parts of the motor. These brushes can wear out and require replacement after 6 months to 2 years (Jordan 1994). Another type of motor is a brushless DC motor. In a bike generator application this would require a greater initial expense because brushless DC motors need more complex controllers to operate. Also running a brushless motor backwards does not work as well as a motor with brushes. (Gottlieb 1982).
How Generators Work
Electrical generators convert mechanical energy to electrical energy by using electromagnetic induction. Electromagnetic induction creates a magnetic field by moving a magnet inside a coil connected to an amp meter. An amp meter is an instrument for measuring electric current.  When the mechanical movement of the bike spins the motor shaft it rotates conductive material around a series of magnets (Erickson 2006). A Human Powered Electrical Generator converts mechanical energy into electrical current by using a direct current generator. A DC generator is a rotating electric machine which delivers voltage and current in only one direction. The generator is connected by a fan belt or gear to a stationary bike.
Availability
Small DC motors appropriate for pedal powered generation can be obtained at relatively low costs of under $200 and are accessible via the internet. DC motors or generators can be found in many appliances including blenders, electric toothbrushes, food processors, and fans. Larger permanent magnet DC generators can be found in forklifts, trains, washing machines, and automobiles. Motors are usually less expensive and easier to find than generators. Small used motors can often be found at recycling centers and scrap yards for little or no cost.
Human Powered Electrical Generation
A modified exercise bike can be used to generate electricity by using a pedal powered generator. The mechanical energy gathered by the moving of the pedals is converted into electrical current by means of a direct current generator. Energy generated during this electrical process can be stored in lead-acid batteries (Russavage 2004).

A human powered bike generator usually produces about 100 watts of electrical power when pedaled by a relatively fit person. If they pedal for one hour, that is 100 watt-hours or 1/10 of a kilowatt hour. At a rate of $0.10/kilowatt-hour, this is approximately one cent worth of electricity from one hour of work. Although this is a very small amount of electricity, it can be used to supplement other power sources like solar and wind.

An experienced cyclist can average up to 300 watts (Gulland 2008). In three hours, they can produce approximately one kilowatt-hour, which is enough to power ten 100 watt light bulbs for one hour. A maximum of 750 watts can be achieved from a bike generator but only for a short period of time because the cyclist will quickly exert themselves (Erickson 2006). 
[bookmark: _Toc229138904]Electrical Safety
Introduction
When working with electrical circuits there is a risk of electrical hazards, especially electrical shock. When working with electrical circuits one must pay special attention to every aspect of the circuit and the surrounding environment. Coming in contact with electrical voltage can cause current to flow through the body, resulting in electrical shock and burns. This can cause serious injury or even death. As a result of not treating electricity with enough caution one worker is electrocuted on the job every day (U.S. Department of Health and Human Services 2002). Electrocution is the cause of 12 % of all workplace deaths among young workers.
Electrical Shock
An electrical shock is received when electrical current passes through the body. Whenever two wires are at different voltages, current will pass between them if they are connected. A human body can connect the wires if both of them are touched at the same time. This situation will cause current to pass through the body. The risk of electrical shock is greater when in contact with a puddle or source of water. Wet clothing, high humidity and perspiration also increase the chances of being electrocuted. Contact with a person who is receiving an electrical shock may transfer the shock to the person touching them (U.S. Department of Health and Human Services 2002).
Safe Work Environment
A safe work environment is created by controlling contact with electrical voltages and the currents they can cause. A safe work environment includes the following (U.S. Department of Health and Human Services 2002):
· All conductors are treated to conduct electricity most efficiently
· Prevent overloaded wiring by using the right size and type of wire.
· Isolate live electrical parts
· Insulate lives wires and parts
· Ground electrical systems  and tools
· Use GFCI’s (ground fault circuit interrupters) to prevent shocking currents
· Use over-current protection devices to prevent excessively high currents
[bookmark: _Toc229138905]Electromagnetism
Introduction
If a magnet is in motion and a conductor is at rest, an electrical field will be created in the area immediately surrounding the magnet. This produces a current where the conductor is situated.
However, if the magnet is stationary and the conductor is in motion, no electric field arises in the neighborhood of the magnet. (Einstein 1905).
Magnetic Electricity Generation
[image: ]When a magnet moves, it causes an electromotive force in nearby conductors. This EMF causes current to flow. For a magnet with a field B:
Where [image: ] is an infinitesimal length along the length of the curve, C; and [image: ]  is the enclosed current in the conductor or wire; and [image: ] is the absolute permeability of free space, a fundamental physical constant. Lastly, [image: ] is representative of a closed line integral along the curve C, which can be defined as a conductor or wire. As a magnet moves, it will cause a current to flow in accordance with the equation above (Serway and Jewett 2004).

A permanent magnet generator is typically direct drive, and is usually efficient and low-maintenance (Muljadi and Green 2002).
[bookmark: _Toc229138906]Energy Storage
Introduction
Energy can be stored in many different ways. Kinetic and thermal energy storage are not the most effective means of storing electrical energy. Batteries are generally better able to store electrical energy than other means. According to the client, rechargeable marine cell batteries are going to be the primary means of chemical energy storage on the Waterpod barge.
Rechargeable Batteries
The four main types of rechargeable batteries are lead-acid batteries, nickel-cadmium batteries, lithium ion batteries and nickel-iron batteries. Lead-acid batteries are the most commonly used because they have a higher storage capacity in terms of watt-hours. Nickel-cadmium batteries and nickel-iron batteries have an energy storage capacity that is as much as 20 times lower than that of lead-acid batteries. Lead-acid batteries are as high as 75% efficient when charging and converting energy. Depending on the size, they can take up to 5-8 hours to fully charge, and there are about 500 cycles (charges) in a lifetime. This is short when compared to the lifetime of a nickel based battery, which can last for over 2000 charges (Jensen and Sorensen 1984).

A battery’s ability to store energy is affected by the following four characteristics:
· temperature
· age
· rate of discharge
· electrolyte concentration
Temperature directly affects a battery's energy storage capacity. As temperature decreases, the energy density, or stored amount of energy also decreases. This is often demonstrated in car batteries on cold mornings. When the car is started, the owner finds that the stored energy in the battery has decreased with the declining temperature. Next, the age of a battery affects the way it stores energy. The electrolytes that hold energy in a battery lose their strength after several hundred charges, so as the battery is used over time, its storage ability decreases. The rate of discharge also affects a battery’s energy storage. The rate of discharge in a battery is simply how fast the energy in the battery is used up. If the system has a very high energy demand, the battery's stored energy will be depleted more quickly. This creates friction in the battery, so it cannot store as much energy on the next recharge. Lastly, the electrolyte concentration in a battery affects its storage ability. The optimal concentration is 35% sulfuric acid. Any ratio above or below this will cause the energy storage to be depleted (Jensen and Sorensen 1984).
[bookmark: _toc75]Marine Cell Batteries
Marine cell batteries like the ones on the Waterpod barge are usually 12 or 24 V (Jensen and Sorensen 1984). There is a very limited amount of information on these batteries. The client may be able to provide more specific details on the batteries they intend to use.
[bookmark: _Toc229138907]AC-DC Conversion
Inverters
Inverters accept energy in the form of DC (direct current) and convert it to AC (alternating current). An inverter is an important accessory with any DC electricity generator because most electrical appliances, tools, and lights are not able to run on DC power. Inverters are most commonly used to supply AC power from DC sources which include solar electric systems, battery banks, and small hydropower plants (Park 1981).
Advantages	
Inverters are integral parts of DC generation systems because they enable the user to enjoy all of the appliances that run on AC power. Inverters can be expensive additions to a power system but the benefits usually outweigh the costs because they allow the user to run standard appliances (Park 1981).
Disadvantages
The process of converting electricity from a DC to an AC signal results in a decrease in the efficiency of the system. On average the inversion process results in a 10 percent transfer loss of energy. For example, a solar power inverter which receives 100 watts of DC power from a panel on a sunny day will produce 90 watts of AC power. This is mainly caused by the amount of energy used by the inverter in the process. This lost energy is usually dissipated as heat (Park 1981).
[bookmark: _Toc229138908]Appropriate DC Motors
   Introduction
Choosing the right electric motor is very important in pedal powered applications. The rated rpm (revolutions per minute) of the motor versus the rpm that is produced on the bike must be taken into account. The average bicyclist spins the wheels of a bike at approximately 250 revolutions per minute when pedaling at a moderate pace.  For this application, a motor with a rating of about 250 rpm would be ideal. However, very few small motors produce much energy at such low RPMs. Thus, a system of gears or belts must be incorporated to match the rotational speed of the motor with the rotational speed of the bike wheel. A gearing system consists of a large sprocket or pulley on the bike and a smaller sprocket on the motor which will spin the motor much faster with the same pedaling cadence.  This technique makes it possible to spin a DC generator at the appropriate rpm to reach its peak efficiency.
   Motor Specifications
For bicycle generators, the preferred motor is one that is low cost and durable. Permanent magnet DC motors have internal brushes which act as the conductor of current in between the spinning and stationary part of a DC motor. The brushes act as the conductor of current in the electrical circuit of the motor by making physical contact with the surface in motion. The problem with the use of these brushes is that they can wear out after extended use and need replacement. Average lifetime of the brushes is usually 6 months to a year.

Motors rated at around 1000 rpm for a given voltage are ideal for bike generators because they require only a 4 to 1 gear ratio from the bike to the motor (Gottlieb 1982). This ratio is very important because it enables the rider to have a fun ride instead of having to pedal like the roadrunner to create enough usable energy.
  Power 
The power which a common DC generator produces is dependent on many variables. In the case of pedal powered DC generators, the amount of mechanical energy being supplied by the cyclist is directly related to the amount of power the generator produces. As the shaft of the motor is spun faster, more watts are produced. A watt is a measure of the rate at which energy is generated. In a bike powered generator, the usual power output is approximately 100 watts. To put it into perspective, a normal household stereo consumes around 20 watts when running (Jordan 1994).
   Efficiency
Efficiency is the amount of energy produced divided by the amount of energy inputed. Therefore, converting mechanical energy to electrical energy causes energy to be wasted. One of the main factors contributing to this loss in efficiency is the friction which occurs in the motors operation. The spinning components have friction within the motor. Friction is the force which creates resistance to the movement of objects. This friction dissipates energy as heat. On average this process ends up being around 90% energy efficient with 10% lost to heat and resistance in the generator (Jordan 1994).
Wiring
The wiring of a simple DC generator consists of the following components which are displayed in figure 2.3.2.
· A DC permanent magnet motor with a positive and negative wire.
· A Diode to prevent current from going the wrong way. A DC motor must be used in reverse in order to generate electricity instead of use it. The diode prevents current from traveling the way it would normally travel through a DC motor. 
· A fuse for protecting the system from voltage spikes and shorts caused by irregular pedaling.

[image: ]

[bookmark: _Toc228875979]Figure 2.3‑2 Wiring Diagram
These are the three main components in the generator circuit. The motor is placed in series with the diode. The positive lead of the motor connects to the negative terminal of the diode. The one-way diode is placed in series with the fuse protection in the same manner. This series is connected to the positive terminal of the battery. The negative wire from the generator is connected to the negative terminal of the battery. (Jordan 1994).


[bookmark: _Toc229138909]Search for Alternative Solutions
[bookmark: _Toc229138910]Introduction
In order to find the best possible solutions for the problem identified in Section 2.2, Team Lorax had three separate brainstorming sessions to identify alternative solutions. The group created eight possible solutions to the problem, which are discussed in detail below.
[bookmark: _Toc229138911]Brainstorming
Team Lorax engaged in three brainstorming sessions. Our brainstorming sessions focused on finding a list of possible solutions that we determined would be appropriate. We used the criteria that we assembled in our Problem Analysis phase of the design project. Our brainstorming yielded great results because each group member was able to provide abundant ideas which our team was able to shape into a suitable list of possible solutions.
The first brainstorming session focused on generating as many solutions as possible. We encouraged all team members to voice their opinions without making judgments. Once we had a sizable list of possibilities, we used these ideas to formulate a list of potential solutions. Next we created diagrams and descriptions of each solution, which are included below. 

[bookmark: _Toc229138912]Alternative Solutions

The brainstorming process resulted in the eight separate solutions listed below. Each one of these alternative solutions was determined to be a good match with our project criteria. These solutions were generated during our brainstorming sessions. 

· Wheel Magnet Plan
· Duel Generator Plan
· Pipe Magnet Plan
· Used Bike Frames
· Used Bike Frame Blender
· Single DC Generator / Used Bike Trainer
· Single DC Generator/ Pulley System
· Exercise Bike


[bookmark: _Toc229138913]Wheel Magnet Plan

[image: ]
[bookmark: _Toc228875980]Figure 3.3‑1 - Wheel Magnet Plan
In the wheel magnet plan, magnets are secured to the rim of the bicycle wheel. A wire coil of conductive material such as copper is wrapped around the stand, as shown in Figure 3.3.1, providing a path for the electrical current created by the magnets spinning. The magnets generate a current through the wire coil when they are put into motion during bike wheel rotation. The wheel itself is attached to a stand or bike trainer so the wheel can spin freely without moving the bike. The magnets can be attached to the wheel from their inherent magnetic properties if the wheel section has enough conductive metal, or they can be taped or glued in place. The coil or wire will need to be made from a conductive material that is malleable enough for it to be coiled around the bike stand. Stranded copper wire is the material used in most electric generators because it is malleable and conductive. Harnessing the electricity created from the magnets moving through the magnetic field could prove to be challenging. 

This plan is durable and safe. It also has very high educational value due to the visible use of magnets to generate electricity. Possible educational display’s can include information about electromagnetism and electricity generation.  It is an aesthetically pleasing design, but would be very difficult to adapt to different bikes because of the magnets being attached to the bike wheel. A variety of different sized bike wheels with magnets attached would have to be provided in order to please the client. Magnets are also expensive which increases the cost of this solution. Additionally, the amount of electricity generated could be low because of the excess weight of the magnets and the homemade copper windings decreasing efficiency. 



[bookmark: _Toc229138914]Dual-Generator Plan
[image: Dual_Generator]

[bookmark: _Toc228875981]Figure 3.3‑2- Duel Generator Plan
In the Dual Generator Plan, the bicycle wheel is in direct contact with the generators shaft. Spinning the wheel causes the shaft to spin, generating electricity as shown in Figure 3.3.2. The wheel itself is attached to the stand, preventing the bike from moving around, but allowing the wheel to rotate freely.  The two generators will be mounted onto the stand in fixed positions, which is not depicted in Figure 3.3.2. 

Using two generators will allow us to capture twice as much energy as a single generator would allow. This comes with twice the cost, however: the difficulties in wiring the generators would be roughly doubled, the price of two generators is double the cost of one, and the maintenance of two generators compared with one would also double. The extra generator will also create more friction on the bike wheel. This will cause the cyclist to need to work harder in order to create the same amount of energy.. Team Lorax is interested in testing this method, but feels that two generators might not provide more electricity than one. 

This plan is durable and efficient. It has a lot of educational value for the Waterpod, while also providing a lot of electricity. It is safe to use, but the setup and maintenance would be more complicated than a design with only one generator. It would also be difficult to make this plan adapt to different sized of bikes, unless both generators can be connected to an adjustable stand.


[bookmark: _Toc229138915]Pipe Magnet Plan

[image: pipe_magnet]
[bookmark: _Toc228875982]Figure 3.3‑3 - Pipe Magnet Plan
The Pipe Magnet Plan as shown in figure 3.3.3 incorporates a bicycle wheel which is attached to a PVC pipe via a belt. The PVC pipe spins, moving magnets around the copper wire. The interior of the pipe contains a layer of magnets glued to the pipe, as well as a wire or coil running through the pipe (but not attached to it). The copper wire will potentially draw current from the magnets. The whole system incorporates a bike trainer stand to create a stable platform and aluminum brackets to secure the components, including the pipe magnet axle.

This design would greatly reduce the cost of our bike generator because it incorporates a home- made generator. Moving the bike wheel spins the pipe, causing the magnets within to rotate about the wire or coil, creating electricity. 

The wheel itself is attached to the stand, preventing the bike from moving, but allowing the wheel to rotate freely. The bike stand clamps down on each side of the pegs on the back wheel to provide a stable support system for the bike. The moving parts on this solution could prove to be a safety concern as well as a maintenance issue.



[bookmark: _Toc229138916]Used Bike Frames
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[bookmark: _Toc228875983]
Figure 3.3‑4 - Used Bike Frame Plan
The used bike frame plan is very similar to the single DC generator/ bike trainer solution seen in Figure 3.3.6. This solution uses a single DC generator to capture the mechanical energy of the bicycle. What is unique about this solution is the use of  cut off rear triangles to create a stable and safe stand for the rear wheel of the bike. Two used bicycles could be cut up and provide two rear triangles, each of which would provide support for one side of the bike. The two rear triangles could be welded together and additional support could be added. This would be a complicated procedure in order to ensure that the stand sat flat on the ground, and the fabrication of the stand would be extensive.  

The rear triangle used would need to be steel in order to provide a solid base for the generator. Also, fabrication of steel is more common than aluminum and titanium making it easier to source welding equipment. Used and scrapped bike frames are easily found at metal yards and recycling centers. Finding two identical rear triangles would be possible but could prove to be a difficult search. What’s most important is that you find two similar rear triangles in order to eliminate any excessive fabrication.

The rear wheel of our bike generator will need a system to secure it to the used rear triangles. A strong clamping system would also be fabricated to fit on each side of the bikes rear dropouts. 

The used bike frame plan would utilize recycled materials but the difficulty of fabrication would be high. It seems that the amount of recycled materials used would not be greater than the amount of new materials needed to make safe clamping systems and supports.
[bookmark: _Toc229138917]Used Bike Frame Blender
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Figure 3.3.5 - Used Bike Frame Blender
This solution involves a complex design utilizing used bicycle frames to stabilize and provide structure for the bike and power generation components. Additionally, a blender system would be constructed which is powered mechanically via a mechanical gearing system. 

The same issues as seen with alternative solution 3.3.4 concerning immense fabrication and design would also be seen here. This allows for both electromagnetic and mechanical power generation. The blender operation needs to be optional, since the blender isn’t always needed simultaneously with DC electricity generation. Such would require a method of detaching the blender quickly and easily from the bike in order to increase the amount of electricity being created and decrease the wear on the blender components, when not in use. 

A leg (bicycle) powered blender can make blended drinks with a little effort by the peddler. What is usually a household appliance which uses up to 1000 watts can easily be powered mechanically by a bicycles mechanical energy.  Cost of the used bike frame blender would be higher than other alternatives because of the extra blender accessory, but many components could be salvaged. This design would greatly increase the educational value of the generator by demonstrating electrical generation being put to use as well as a very visible and intuitive use of pedal power (making smoothies). 
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Figure 3.3.6 - Single DC Generator/ Used Bike Trainer
In this plan, a stationary bike stand, or bike trainer, is used as the main support system for the bike and generator. These stands are widely available for cyclists and athletes and include resistors that could easily be replaced by a motor. All the components for this method are can be obtained for low costs. This solution would be very durable and the design would be easy to implement because only minor modifications to the original trainer stand would be necessary. The DC generator must be attached to the bike trainer roller to spin the motor axle and then supported with a few additional structures to hold it in place.

In this design, the bike wheel turns a gear on the bike trainer, which turns the motor shaft to generate electricity. The type of generator used could vary from a 12 volt motor or generator to a 36 volt motor or generator. The gear on the bike trainer accounts for any gearing that would be needed between a 26” bike wheel and a 0.5” inch diameter generator shaft. This method provides gearing ratios from the bike to generator of approximately 40-1 which will provide near optimal speed of shaft rotation for common DC Generators which prefer to spin at speeds upwards of 3000 rpm (revolution per minute).

The bike trainer stand clamps down on the dropouts of the rear wheel to provide a stable support system for the bike, making this design safe to use. Most bike trainers are able to adapt to a wide variety of bicycles so both children and adults could use and learn from the generator. This plan would easily address most of the client criteria for a relatively low cost. It would be durable, easily adaptable, easy to set up, aesthetically pleasing, efficient and safe to use. 




[bookmark: _Toc229138919]Single DC Generator/ Pulley System
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[bookmark: _Toc228875986]Figure 3.3.7 - Single DC Generator/ Pulley System
This solution has a belt system that links the back wheel of the bike to a generator. This method provides similar gearing ratios to solution 3.3.6, from the bike to generator. This gearing ratio is around 40-1 which will provide near optimal speed of shaft rotation for common DC generators. This solution works well with an automotive type generator which can be easily found for low prices. Conveniently, the rim of a standard bicycle is built to easily support a belt system like this. 

This method requires additional fabrication for mounting the automotive generator. The generator can’t be mounted on a conventional bike trainer frame because it needs a larger clearance for the pulley. The generator stand must be adjustable in order to maintain a proper tightness in the belt so it doesn’t slip.

This method enables the use of a common automotive alternator which comes built with a pulley attached. Unfortunately, the pulleys in this method prove to be a challenge when using different sized bikes. Changing the size of the bike wheel changes the gearing ratio of the bike to the generator. Changing the size of the bike would require moving the pulley system to a different bike, and changing the length of the pulley to accommodate a smaller wheel.  

[bookmark: _Toc229138920]Exercise Bike
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[bookmark: _Toc228875987]Figure 3.3.8 - Exercise Bike
This solution is very similar to the single generator/ bike trainer technique. It incorporates a used exercise bicycle. This is a solid base for a bike generator because it is originally designed for stationary peddling. Also, used exercise bikes are easy to find at local thrift stores and garage sales. They are usually bulky and hard to transport but they are also durable and sturdy, which would provide a strong base for a generator.

Virtually all that is done in this solution is replacing the mechanism which creates friction on a normal exercise bike with a DC generator. Removal of the friction mechanism, which is commonly a simple braking mechanism on the flywheel, enables it to spin freely. The DC generator is then connected via a mounting plate and supports. 

The generator requires the use of a plastic roller attached to the generator shaft to guarantee that the generator shaft doesn’t slip on the metal flywheel. Also the plastic roller helps decrease the amount of heat being transferred from friction into the generator increasing its life.
 
Most exercise bikes are adjustable for a variety of riders and the safety of this solution is very high because exercise bikes are built to be durable and stable. It uses recycled materials, and would be educational. Unfortunately, this solution would be incredibly difficult to ship to the Waterpod.


[bookmark: _Toc229138921]Decision Phase
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In the decision phase, all the alternative solutions developed in Section 3 are evaluated and rated against the criteria developed by the client. The highest rated solution was selected as the solution that will be implemented. The Single DC Generator/ Used Bike Stand option rated the highest after being evaluated in the Del Phi Matrix decision process outlined below. 
[bookmark: _Toc229138923]Criteria Definition
The criteria developed to rate the alternative solutions are listed below:
· Adjustability – The client has requested that the bicycle generator be adaptable so both children and adults can use it. It should be able to adjust to bike’s on site, including children’s bike’s with 20” wheels.
· Durability – The generator must be made out of materials that are durable enough to withstand weather and regular use for 6 months.
· Cost – All materials for the generator must cost less than $300
· Educational Value – The generator must demonstrate the potential of human powered electrical generation.
· Safety – The generator must meet all electrical codes in New York, and be mechanically safe for both children and adults to ride.
· Efficiency – The generator must produce electricity as 12 V DC, to charge batteries on board the Waterpod.
· Ease of Setup – The generator must be easy for the client to set up once the parts arrive in New York.
· Aesthetics – The bike generator must be aesthetically attractive. The generator should be presentable and compact.
· Maintainability – The generator should be simple to maintain. 
[bookmark: _Toc229138924]Decision Process
To make a final decision, we used a process called the Del Phi Method. This process lays out all the alterations to be rated on a scale of 1-50. The scores are then multiplied by the weight of each criterion. We decided on the scores and weights as a group. For weights, 10 is the best and 1 is the worst. With individual scores, 50 is the best and 1 is the worst. These scores are outlined and totaled in the “decision matrix” in Figure 4.3.

[bookmark: _Toc229138925]The Del Phi Method 
[image: image]
[bookmark: _Toc228875988]Figure 4.3‑1 – Del Phi Decision Matrix
[bookmark: _Toc229138926]Final Decision Justification
Single DC Generator/ Used Bike Stand method will meet the client criteria most completely based on the results of the Del Phi Decision Matrix. It had the highest ratings for durability, ease of setup, and maintainability.


[bookmark: _Toc229138927]Solution  Specifications
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Section five of this report includes a detailed description of the solution chosen from section four. This solution incorporates a generator and used bike trainer stand. Several pictures of the solution are included along with a cost analysis that describes the details pertaining to all design, implementation and maintenance costs. 
[bookmark: _Toc229138929]Description of Solution
The bike powered generator, shown in Figure 5.2.1, was designed and built by Team Lorax for the Waterpod Sustainability Project.  Our final solution is specifically built to provide human powered electricity for the Waterpod. The bike generator is able to adapt to a wide variety of bicycles so both children and adults can learn from the generator. Figure 5.2.2 shows the main support system used in our design, which is a bike trainer stand. The bike stand clamps down on each side of the pegs on the back wheel to provide a stable support system for the bike. One of the most important criteria of the bike generator is safety, and the durable stand ensures that everything is safe and secure. The stand also makes the generator aesthetically pleasing by keeping all units connected and compact.

[image: ][image: ]The motor used is a 36 volt DC generator salvaged from an electric scooter. The motor was tested and cleaned prior to installation to ensure its effectiveness. The fuse holder is the automotive inline type with a clear viewing window for inspection. The bicycle generator also incorporates a one way diode to limit any current from reversing during use.  

[bookmark: _Toc228875989]Figure 5.2.1 – Full View Bike Powered Generator	Figure 5.2.2 - Generator and Bike Trainer Stand
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[bookmark: _Toc228875990]Figure 5.2‑3 – Left View Bike Support System	Figure 5.2.4 - Rear View Bike Support
The parts utilized in our design include the following (Cost and source of parts in section 5.3). A circuit diagram of the generator is shown in Figure 5.2.4. The circuit diagram incorporates the generator, battery, fuse and diode.
[image: ]
· Bike trainer stand
· Used permanent magnet DC motor
· Automotive inline fuse
· One-way diode
· Support braces(galvanized)
· Lag bolts, nuts, washers
·  (
Figure 
5.2
.5 –
 
Circuit Diagram
)Spring pin
· Red and blue wires

[bookmark: _Toc229138930] Installing the Generator
The used bike trainer was donated to this project. The bike trainer had to be modified to attach the DC generator. The original trainer featured an adjustable resistor which provided the cyclist with their desired level of workout. In Tour de Volts bike generator, the resistor was removed and replaced with a DC motor.  The old resistor is shown in Figure 5.2.4 next to its replacement, the used scooter motor.
[image: ]
Figure 5.2.6 - Motor and Bike Trainer Resistor
[bookmark: _Toc229138931]Costs Analysis 
[bookmark: _Toc229138932]Design Costs 
This design was difficult to develop but relatively simple to implement. Overall, our team spent 174 hours working on this project. The average is 43.5 hours per group member. Figure 5.3.1 shows the distribution of time spent on each section.
 
[bookmark: _Toc228875991]
Figure 5.3‑1 - Project Time
[bookmark: _Toc229138933]Implementation Costs 
The total implementation cost for Team Lorax is $77.61 as shown in Figure 5.3.2. This table shows the summation of all the materials used to implement the solution chosen in Section 4 and the prices of those materials. There is a third column to demonstrate the market price of each item because some items were donated or purchased at a lower price. Most materials were found at scrap yards or the recycling center, which made the bike generator cost much less than anticipated. The total implementation cost if all materials had been purchased at market value would be $247.43.

[bookmark: _Toc228875992]Figure 5.3‑2 - Cost Analysis
	Item
	Our Price
	Market Price

	Fuses
	$1.99
	$1.99

	Fuse Holder
	$2.49
	$3.00

	Motor
	$5.00
	$50.00

	Metal/ Aluminum
	$2.19
	$10.00

	Diode
	$1.19
	$1.19

	Bolts
	$4.75
	$4.75

	Spring Pin
	$0.00
	$1.50

	Bike Trainer Stand
	$0.00
	$75.00

	DC-DC Step Down
	$60.00
	$100.00

	TOTAL
	$77.61
	$247.43


[bookmark: _Toc229138934]Maintenance Costs
Maintenance for the bike generator is expected to be low. The brushes in the motor are expected to wear out after 2 years of use. Since this motor was donated, it could be well worn or almost brand new. It costs around $10 to replace worn brushes. There is also a possibility that a fuse will blow. Fuses cost $2 to replace. These replacement parts were provided with the generator for the client’s convenience. The remaining parts are expected to last for the duration of the six month exhibition period. The generator should be durable enough to withstand weather and daily use.
[bookmark: _Toc229138935]Instructions for Implementation and Use
The Bike Generator is designed to be used as an educational demonstration. A demonstrator could present the Bike Generator and describe the process of converting human energy to electrical energy. Then an audience member could get on the bike and proceed to power a light bulb or charge the batteries onboard the Waterpod. Using the generator is as simple as riding a stationary bike, and setup isn’t difficult either. To set up the generator, simply connect the red and blue wires to the respective positive and negative (red and black) terminals on the battery that needs to be charged. The setup for the generator is similar to connecting the cables when jump-starting a vehicle. The red wire connects to the red terminal on the battery and the blue wire connects to the black terminal. A DC-DC step down is also included to regulate the voltage output and prevent damage to the battery.
[bookmark: _Toc229138936]Results



After testing the bike generator, Team Lorax has determined that the generator effectively transfers human mechanical energy to electrical energy. The maximum output is around 120 watts, which is 6 amps and 20 volts. However, the charge controller will maintain the output at 13.4 volts for optimal battery charging. The generator is capable of charging a battery or powering a light bulb. We recommend using road bikes instead of mountain bikes in order to reduce friction on the bike trainer.
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