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EXECUTIVE SUMMARY
The purpose of this report is to present our findings regarding our manually powered generator design for charging cellphone batteries to M-Heal, the student organization we collaborated with.  This report presents our prototype design and prototype tests.  Because our prototype design did not generate enough electricity to charge the cellphone batteries, this report also discusses changes that should be made to our generator design in order to successfully charge cellphone batteries.   

M-Heal had previously designed a surgical lamp which operated using cellphone batteries in order to provide reliable lighting in Ugandan operating rooms.  Currently, the cellphone batteries must be charged using electricity from a power grid; unfortunately, Uganda’s power grids are unreliable.  Consequently, a surgeon can be left without lighting during surgery.
 
Our solution was to design a manually powered generator that could charge the ten cellphone batteries.  As part of our task, we followed the criteria established by M-Heal as well as criteria we devised after considering the problem.  These criteria included using sustainable parts, ease of construction, and ease of operation.

The main parts of our generator prototype were obtained from used automobiles, cellphones, and bicycles. Our research indicated that these used devices are available in Uganda and allow our design to be constructed and maintained in Uganda.  Our prototype design consisted of three main components, the generator, the circuit system, and the stand.  The circuit system contained two circuits; the first circuit used the energy our generator produced to charge a car battery and the second circuit charged the cellphone battery using the stored electricity in the car battery.

Prototype testing revealed that the amount of electricity we generated was insufficient to charge the cellphone batteries.  From the results of our voltage test, we concluded that the voltage that our prototype produced was too low to charge the car battery.  Because we could not charge the car battery, we were unable to charge the cellphone batteries.

Based on our research and tests, we have devised several design improvements.  These recommendations are mainly concerned with the electricity output of our generator.  We propose to optimize the AC voltage produced by our generator by adding more magnets to the wheel, moving the steel core closer to the bicycle wheel, and adding more wire coils to the core.  In order to prevent the high voltage losses after rectification, we also suggest using a more efficient rectifier.
 
While we did not meet our criteria of charging ten cellphone batteries, we did create a working generator out of parts which are sustainable materials in Uganda.  We recommend that a future team continues our work and improves the design of our generator in order to successfully charge the cellphone batteries. 
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[bookmark: _Toc153505639]1	INTRODUCTION
Operation Innovation, in collaboration with the student organization M-Heal, designed a manually powered generator for Uganda.  Currently, Uganda faces the serious problem of unreliable power grids which can leave doctors in surgery without lighting (See Appendix A).  While our current design was unable to charge the cellphone batteries, we were able to prove that a working generator can be made out of parts that are sustainable in Uganda.  

Following the schedule in our Gantt chart (See Appendix B), we designed our generator using parts which are available in Uganda.  The sustainable parts we used in our design included two bicycles, automobile magnets, a car battery, a cellphone, and a cellphone charger.  We attached the magnets to the rear wheel of one of the bicycles and a steel core wrapped in copper wire to the bicycle frame.  When the bicycle wheel spun, the moving magnets generated an electric current in the copper wire which passed through our circuit system.  In a successful design, the final destination of the electricity in the circuit would be charging the cellphone battery.

According to the tests conducted on the prototype, our generator did not produce the necessary output to charge the cell phone batteries. The prototype is proof that the concept of generating electricity manually using sustainable material is possible. Future recommendations for improvement on our prototype should result in a working final design of the generator.

This report contains background information about our problem, a discussion on our prototype design, and future improvements in order to design a working generator for Uganda. The purpose of this report is to formally present our findings to M-Heal so that the necessary improvements can be made to our generator design.

[bookmark: _Toc153505640]2	BACKGROUND
This section contains background information about M-Heal, the student organization we collaborated with, as well as background information on current generator designs and our preliminary ideas. 
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2.1	M-Heal Background
We designed our project in collaboration with the Michigan Health Engineered for All Lives student organization (M-Heal). M-Heal is a University of Michigan student organization which aims to improve the quality of healthcare in developing countries.  They accomplish this goal by encouraging students to apply their knowledge to solving healthcare problems in developing countries such as Uganda.   In collaboration with World Medical Relief, M-Heal conducted a survey to assess the medical needs in developing countries and through this survey, discovered the need for dependable surgical lighting in these countries (Michigan Health Engineered for All Lives, 2010).

M-Heal created a surgical lamp that is powered by ten lithium ion cellphone batteries. Their lamp is used when the power goes out during surgery in Uganda. However, the cellphone batteries must currently be charged using a power outlet, which requires a working power grid. Therefore, there needs to be an alternative method for charging the cellphone batteries. Hence the need for a manually powered generator that charges lithium ion cellphone batteries. The current lamp design is shown in Figure 2.1 (College of Engineering, University of Michigan, 2010).
Figure 2.1 M-Heal Surgical Lamp

[bookmark: _Toc153505642]2.2	Current Designs
There are several different models of commercially available generators.  We studied the designs of two styles of hand crank generators and one model of a foot pedal generator (See Appendices C and D).  We determined that the foot pedal generator model was expensive to implement in Uganda as this model costs $550 per unit (Windstream Power LLC., 2010).  In addition, the shipping costs to Uganda would likely incur a large additional cost which made shipping a prebuilt generator to Uganda an unfeasible option.  Our bicycle generator is similar to several patented designs (See Appendices E, F, G, H, and I).

[bookmark: _Toc153505643]2.3	Preliminary Designs
M-Heal’s original recommendation was to design a generator that was operated with a hand crank.  We decided that a hand crank generator would be difficult to operate for an extended amount of time.  As a result, we researched using a foot pump system where the operator would not need to sit on the bicycle.  However, we decided that we did not have the expertise to create a foot pump design.  

[bookmark: _Toc153505644]3	CRITERIA
This section covers the criteria that we developed for our design.  When M-Heal introduced us to this project, they specified that our design should be inexpensive, should charge ten cell phone batteries, and the parts should be sustainable in Uganda. 

Sustainable Materials – A generator should be made of parts and materials that will be locally found in Uganda.  This means that the parts need to be affordable and easily found in Uganda.  M-Heal specifically wanted our design to follow this criterion.

Charge Ten Cellphone Batteries – A generator should be able to charge ten cellphone batteries.  These batteries power M-Heal’s surgical lamp.  If our generator cannot charge the cellphone batteries, then the surgical lamp has no power.

Ease of Construction – A person in Uganda should be able to put together our generator without needing special construction knowledge or special equipment.  If a person needs special knowledge or equipment, the user may lose interest in the generator and may not build it.  Since this generator is meant to help save lives, if people do not build it, our generator is not fulfilling its purpose. 

Ease of Operation – The operator of the generator should not need special training in order to use the generator.  The generator must be simple to use so that the operator is not discouraged from using the generator. If the operator feels the generator is too hard to operate, he may not use it and our generator will not fulfill its purpose of saving people in surgery.

Weight Capacity – A generator should to be able to be operated by a person who weighs 200 lbs.  Our design needs to be strong enough so it will not fall apart when it is being used.  This criterion was added so the design is safe to use.

[bookmark: _Toc153505651]4	INDENTIFICATION OF SUSTAINABLE MATERIALS
In order to make sure our generator could be built in Uganda, we used components which are available in Uganda.  This section covers the availability of materials for our design. 

4.1	Bicycle Availability
Our generator design requires two bicycles to operate. A statistical value of the current number of bicycles in Uganda is difficult to verify. The Uganda National Household Survey 2005/2006 estimated that about 39.6% of the approximate 27,100,000 households in Uganda owned a bicycle (Uganda Bureau of Statistics, 2006).

The First African Bicycle Information Organization or FABIO is an organization trying to improve the quality of life for those stricken by poverty in Uganda.  FABIO is working with the Ugandan government to provide bicycles as a mode of transportation for those in rural communities (First African Bicycle Information Organization, 2010). It is support from groups such as FABIO, and the growing popularity of bicycles that make it a feasible option to use bicycle parts in Uganda for a sustainable generator.

4.2	Cellphone Availability
In order for our design to be sustainable in the country of Uganda there must be cellphones and cellphone batteries. The Uganda National Household Survey 2005/2006 indicated that about 17% of households in Uganda owned at least one cellphone (Uganda Bureau of Statistics, 2006). In addition, a recent report by Pyramid Research predicted that the number of mobile phone users should increase to about 20.9 million by 2015 (Kagumire, 2010).  As the number of cellphone users increase, the amount of available cellphones should also increase, providing enough cellphones to sustain our generator design

4.3	Automobile Availability
Our generator design uses magnets from automobile motors and a car battery.  The Uganda Bureau of Statistics has estimated that in 2009 there were about 253,536 automobiles being used in Uganda (Uganda Revenue Authority, 2009).  Since there are automobiles in Uganda, we conclude that automobile parts will be available for our design.

4.4	Hardware Availability
In order to assemble our generator, small hardware is required such as screws and nuts.  According to the Uganda Yellow Pages, there are at least two hardware stores in Uganda, Medipoint Investments Ltd. and Mami General Hardware Ltd. (“Hardware dealers,” n.d.).  It is very possible that there are other hardware stores in Uganda that exist but are not listed in the Uganda Yellow Pages.

5	PROTOTYPE DESIGN
Our team created a prototype that shows proof of concept for a manually powered generator that is used to charge cell phone batteries. A basic schematic of how the generator and circuit system function is shown in Figure 5.1



Figure 5.1 Schematic

Figure 5.1 shows the two circuits connected to the 12 Volt car battery. One circuit includes the generator and the rectifier. The other circuit includes the fuse, 12 Volt socket and cellphone charger with cellphone. These two parts can be represented individually (See Appendix J) because these systems do not function simultaneously. The reason for the two separate systems is because the cellphone requires a very specific voltage to charge, and this generator design does not produce a constant voltage. Charging the cellphones with our generator is made possible by the car battery, which does not require a specific voltage to charge.  Then, the car battery can provide the cellphone with the specific voltage it needs. 

Our prototype consisted of three main parts: the generator, the circuit system, and the generator’s stand. These three components of the prototype are shown below in Figures 5.2 and 5.3. 

        

Figure 5.2 Generator and Stand        Figure 5.3 Circuit System

As seen in the Figure 5.1, the generator is comprised of the rear section of a bicycle with several other additional components. The circuit system is composed of a rectifier, a car battery, a fuse, a car outlet adapter, and a cell phone car charger with cellphone and cell phone battery. The stand elevates the rear wheel allowing it to spin freely. 
[bookmark: _Toc153505653]5.1	Generator System
The generator uses a system of moving magnets and a steel core wrapped in copper magnet wire to generate electricity. The magnets are secured to the rear wheel of the bicycle in equal increments with varying polarity. Next to the wheel, secured to the bicycle frame, is the steel core. As the magnets, attached to the wheel, spin past the core, electricity flows through the copper wire. 

We wrapped about 300 ft. of 26 gauge magnet wire around our steel core.  We chose to use this particular piece of steel and gauge of wire after testing various materials (See Appendix K) and analyzing the results of these tests (See Appendix L).  Our steel core had a 3/8 in. diameter and was approximately 30 in. long.  The core was attached to the bike frame, and was approximately one inch away from the magnets. 22 magnets are attached to the rear bicycle wheel in an upside-down “U” orientation; we decided this placement would allow our core to be as close as possible to the moving magnets which will generate the most electricity. The magnets also have alternating polarities and 1.9 inch spacing between them. The gear ratio is 10:3, which is the maximum gear ratio available on the bike provided. 

[bookmark: _Toc153505654]5.2	Circuit System
The circuit system contains two circuits, the circuit for charging the car battery and the circuit for charging the cellphone. 

The first circuit system is connected to the generator by soldering the wires that come directly off the steel core to the wires that are connected to the rectifier. This rectifier changes the current from alternating current (AC), which is what the generator creates; to direct current (DC), which is what the cellphone batteries need to charge. The rectifier used in our prototype is shown in Figure 5.4. Wires carrying DC current in and out (V out) of the rectifier are connected to the 12 volt car battery, which acts as a storage tank and collects the electricity created by the generator.


Figure 5.4 Rectifier

V in: AC signal from generator

D1: Set of 4 diodes, rectifies from AC signal to DC signal

C1: Electrolytic Capacitor, evens out DC signal to constant flow

IC1: Integrated Circuit, 7812 voltage regulator, ensures that voltage is kept at an even level

V out: DC signal used to charge cell phones


The second circuit system uses the energy stored in the charged car battery to charge the cellphone battery. The electricity stored in the car battery travels through a fuse, which keeps the electricity output of the car battery from overloading the cell phone battery. After the fuse, the input and output wires connect to a car outlet where the cellphone’s car charger can be plugged in. The car charger will in turn cause the battery inside the cellphone to charge. 

[bookmark: _Toc153505655]5.3	Support System
The rear wheel must be able to spin freely in order for the generator to function. To accomplish this task in our prototype, we elevated the rear wheel using seat stays and chain stays from another bicycle we had at our disposal. In order to avoid interfering with the gears, we extended the axle using 3/8-24 inch coupling nuts and a 3/8-24 inch fine threaded rod. One end of the support was attached to the extended axle and the other end was secured to flat blocks of wood using L-brackets bent to the appropriate angles that were screwed to the legs and to the wooden base.

[bookmark: _Toc153505656]5.4	Construction
We constructed our prototype mainly in the Wilson Center.  We used fairly simple construction techniques such as drilling holes since easy assembly is a criterion for our design. A detailed list of the materials needed and the instructions for assembling this prototype is needed for this prototype to be replicated (See Appendix M).  The cost required is another important criterion for our prototype (See Appendix N).

[bookmark: _Toc153505657]6	TESTING
We conducted four tests with our prototype in order to see if our generator met our criteria. Two of the tests, which measured current and power, were conducted according to incorrect procedures; therefore, these tests are not valid (See Appendices O and P).  This section covers the procedures we used when we tested our generator’s voltage and weight capacity as well as the results of our tests. 

[bookmark: _Toc153505658]6.1	Voltage Testing
We tested the voltage using a multimeter in three different locations on the wire of our generator.  Our first location tested the voltage on the wire immediately after the wire leaves the steel core.  Next, we tested the voltage on the wire after it passed through the diodes of the rectifier, connecting our multimeter to the wire on both sides of our four diodes (D1 in Figure 5.4).  Our final voltage test location tested the voltage on the wires after the electricity had passed through the entire rectifier (V out in Figure 5.4). Figure 6.1 contains the results of our voltage tests.
 

Figure 6.1 Voltage Test

Figure 6.1 shows that our first testing location gave us a reading of 1 Volt while our second and third location gave us readings of 0.3 Volts and 0.03 Volts respectively.  These results show us that our rectifier significantly lowered the voltage we produced.  This figure also contains the actual voltage needed to trickle charge the car battery, about 14 Volts (Adverc B.M. Ltd., 2009).  Because the voltage readings we obtained are so different from the actual voltage needed, our bar graph uses a logarithmic scale in miliVolts.  Since our voltage readings are lower than the voltage needed to charge the car battery, we conclude that we cannot charge the car battery using our current prototype.
  
[bookmark: _Toc153505661]6.2	Weight Capacity Testing
We also tested the robustness of our generator by having team members of increasing weight operate the generator.  Our order of testing was as follows: Subject A (115 lbs.), Subject B (140 lbs.), Subject C (175 lbs.), Subject D (185 lbs.), Subject E (235 lbs.).  As the weight of the subject operating the generator increased, the sideways movement of our generator became more apparent. After Subject D operated the generator, we decided that Subject E should not operate the bicycle due to stability concerns.

[bookmark: _Toc153505662]7	DISCUSSION
After analyzing our test results, we reached the conclusion that we are unable to charge the car battery and thus, cannot charge the cellphone batteries at this time.  As a result, we have devised several changes, which would improve our design, and make it feasible to implement our generator in Uganda.

7.1	Optimizing Voltage Output
For the design to create enough useable electricity, the voltage output directly from the generator must be increased. 
	
7.1.1	Generator System	
The ferromagnetic core used in our prototype was fairly efficient. The core should be as small as possible to allow for the maximum number of coils. The core we used was relatively small, but also large enough for a hole to be drilled through it, which was necessary for its attachment to the bicycle frame. However, one change that must be made is moving the core closer to the magnets on the wheel. The core in our prototype is approximately one inch away from the magnets. If the holes in the core were moved closer together the core would have to be positioned further away from the bike frame. The core could be secured by using long screws and adding washers along the screw between the core and bicycle frame. 

The copper wire used in our prototype was 300 feet of 26 gauge magnet wire. This length of wire was unable to produce the desired voltage. The length of the copper magnet wire is a key factor that should be addressed because the voltage output is proportional to the number of coils around the core according to Faraday’s Law, which is ε = -N . Due to time constraints we were unable to calculate several variables in this equation, so we do not have an exact estimate of the necessary length. However, the wire must be significantly longer to increase the number of coils. 

Adjusting the space between the magnets attached to the wheel would output a higher voltage. Our prototype used 22 1.25 in. long magnets attached to a 26 in. wheel with about a 1.9 gap between each magnet.  For a 26 inch wheel, a total of 54 magnets would be best. Although there will still be a slight space between the magnets adding an additional magnet would interfere with the varying polarity, which requires an even number of magnets. 

7.1.2	Circuit System
The rectifier used in our prototype greatly cut down on our voltage, which is a main cause for the inability of our prototype to accomplish our intended goal. The small voltage created by our generator was unable to easily pass through the capacitor. A different capacitor that has a lower sweet spot would require a lower initial voltage to be created, and would cut down the voltage less than the one used in our prototype.

8	FUTURE RECOMMENDATIONS
Improvement of the design is necessary for the generator to function in the way it was intended. Specific changes that must be made for the generator to meet the original criteria are listed in the Discussion section of this report. Another recommendation that is not crucial to the function of the design is a sturdier support stand to elevate the rear wheel. To allow the stand to support more weight the legs could be moved closer to the axel my removing the nut that connects the axel to the bicycle wheel. Putting the legs closer to the center of the weight will increase stability. Also, adding washers on either side of both legs will spread the force of the nuts over a larger area creating a more stable base.

[bookmark: _Toc153505674]9	CONCLUSION
We were able create a generator using materials that are sustainable in Uganda.  The major parts of our generator would be obtainable in Uganda from junked automobiles, cellphones, and bicycles.  These parts should be fairly inexpensive and so we met the criterion of using inexpensive parts as well.  We also met our two criteria of being easy to construct and easy to operate.  While constructing our generator, we used simple construction techniques such as drilling. Furthermore, operating our generator is simple since the operator only needs to know how to pedal a bicycle and when the generator is capable of charging the cellphones, the operator only needs to know how the cellphone indicates it is fully charged.

We did not successfully meet two criteria established by M-Heal and ourselves.  Our prototype design was unable to successfully generate enough electricity to charge one cellphone battery and thus, we did not meet M-Heal’s criteria of charging ten cellphone batteries.  In addition, our final prototype was not robust enough to sustain extended amounts of usage.

Our design has proved that a generator can be made from junked parts. Our work has made progress in creating a source of electricity for M-Heal’s surgical lamp. With some improvement, our generator would successfully meet all of M-Heal’s criteria. In the future, our design could be implemented alongside M-Heal’s lamp in order to improve the surgical conditions in Uganda.
[bookmark: _Toc153505675]
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Appendix A
Uganda Background
Uganda
Uganda is a country located in Africa south of Sudan and west of Kenya. Uganda is considered a developing country based upon its geography, gross national income and its ability to loan currency (The World Bank, 2010). As a developing country Uganda does not have the adequate access to modern healthcare. In response the World Medical Relief has been working with M-Heal to establish and improve the healthcare conditions in Uganda (Michigan Health Engineered For All Lives, 2010).

Electricity
Uganda does not have sufficient resources in which to financially provide electricity throughout the country. As a developing country approximately 90% of Uganda is without electricity (Mechtenberg, 2009). There are instabilities in the countries current electrical grid which can cause periodic black outs. Loss of electricity can cause unexpected failure of lighting in hospitals. This can create a potentially life threatening situation were a surgery in progress would have to be immediately halted due to lack of proper lighting.

Finances
Uganda According to the World Health Organization(WHO) approximately 6.3% of Uganda's GDP is used for population health (World Health Organization, 2010). While the country of Uganda is working on its healthcare system, it isn't enough. Due to the large size of the country and the distribution of the rural population most people do not have access to the few hospitals in the urban cities.
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Gantt Chart
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[bookmark: _Toc153505678]Appendix C
Commercial Hand Crank Generators

A common style for manually powered generators is the hand crank.  You use your hands to hold and spin the handle, producing electricity.


http://pcworld.about.com/magazine/2309p150id121787.htm

The above picture shows the SideWinder.  You can see the handle which one turns continuously to produce the electricity. 

We looked at this design and judged it against our criteria.  We came to a conclusion that this design did not fulfill all of the criteria.  The first criterion that it did not fulfill was that its materials are not locally sustainable.  This design has many small parts, if one were to break; it would be difficult to find a replacement part.  Also, it can only charge one cellphone battery at a time.  Our design needs to charge ten cellphone batteries so it does not meet this criterion.  Finally, although spinning the handle sounds easy, doing this process for a long time can become very tedious, violating the ease of operation.

The SideWinder did pass some of our criteria. Costing only $24.95, the SideWinder is fairly inexpensive, passing the criterion stating its materials need to be affordable.
Since this design is already made and uses manufactured parts, the criterion easy to construct does not apply.  Also, since we did not purchase this item, we were unable to test its robustness.

(About.com, 2010)
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Since the hand crank is very popular, there are many different styles and designs.  The Genecon Hand-Operated Generator is another hand crank design.


http://wardsci.com/

The above picture shows the Genecon Hand-Operated Generator.  It is had to see, but it is significantly larger that the SideWinder.

We looked at this design and judged it against our criteria.  We came to a conclusion that this design did not fulfill all of the criteria.  This design has small parts that are difficult to find locally if they were ever to break.  This violates the materials must be locally sustainable criterion.  The cost is very critical, so at a cost of $53.75, it is fairly expensive, violating affordable materials criterion.  It also violates the ease of operation criterion.  Although it is larger, the hand crank motion can become very tiring and tedious when you have to do it for an elapsed amount of time.

This design does fulfill other criterion.  Since this design can produce 6V, it has the potential to charge ten cellphone batteries.

Since this design is premade, the easy to construct criterion does not apply.  Also, since we did not purchase this item, we were unable to test its robustness.
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(WARD’S Natural Science, Initials, 2008)
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Commercial Foot Pedal Generator 
Another design is the foot pedal design.  This design uses the same motion as the one when riding a bike.  Obviously your leg muscles are stronger than your arms so it optimizes performance.

http://www.windstreampower.com

The picture above shows the Windstream's Human Power Generator.  As you can see, the two metal bars act as foot pedals.

We looked at this design and judged it against our criteria.  We came to a conclusion that this design did not fulfill all of the criteria.  A criterion that this design did not comply with is the price.  The cost of this design is $550, is a large number especially for developing countries, violating the affordable materials criterion.  It also does not comply with the materials being locally sustainable.  This design is manufactured so it has parts that are specific to it, making them difficult to get.

The Windstream's Human Power Generator did pass other criteria.  With an output that charges a 12 Volt battery, it could also charge ten cellphone batteries.  It is also easy to use.  Since it utilizes the pedal motion of a bike, this makes using the generator very easy, complying with the ease of operation criterion.

Since this design is premade, the easy to construct criterion does not apply.  Also, since we did not purchase this item, we were unable to test its robustness.
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(Windstream Power LLC., 2010)
[bookmark: _Toc153505680]


Appendix E: U.S. Patent No. 2,101,954











	This patent, owned by Paul Rathmann, describes a generator that produces electrical lighting for a bicycle or a motorcycle. This is a dynamo generator which uses magnets to produce a desirable amount of electricity to power the vehicle’s lighting system by rotating them around a core wrapped with an induction coil.
	This design is made up of complex parts that are difficult to find in developing countries. Our design is sustainable in the form that it is made up of readily available parts that are in Uganda. Our design consists of a simple steel iron core, magnets, and copper wire on a bicycle to produce electricity. Although it may not produce as much power as this design, it is feasible enough so that it is possible to be implemented in areas where it can be constructed with the materials they have.
Retrieved from source [9].
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Appendix F: U.S. Patent No. 0185411 A1









	This patent, owned by Lawrence C. Rome, depicts a different form of generating electricity. It is a backpack that generates electricity as you walk. The shaking and the vertical motion from walking move the generator within the backpack and convert it to power. This generator is applicable to bagging devices such as a caddy.

	This design requires a very complicated generator in order to convert the vertical motion being produced when walking into actual electricity. This is not a feasible design for implementation in Uganda. Our design is sustainable in which it is made up of readily available parts found in Uganda. If repairs are needed, replacement parts are easily found with scraps that fit the designated piece. 

Retrieved from source [10].
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Appendix G U.S. Patent No. 0280398 A1

    







	
	This patent, owned by Sang-Shin Lee, describes a method of mobility charging a cell phone. It uses a compact casing that contains different kinds of circuits which store, converts and releases electricity. It is small enough to be carried anywhere and in one hand. 

	This design requires an outside source to recharge the cell phone. It needs to be plugged into a car or an outlet. Our design is manually powered. The pedal system of the bicycle will generate electricity to charge the cell phone batteries that powers the surgical lamp. It is also made up of sustainable parts found in Uganda unlike this patent design.

Retrieved from source [6].
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Appendix H: U.S. Patent No. 5,874,792









	This patent, owned by Shih-Chou Chen, describes another form of a bicycle generator. It contains a magnetic rotor that rotates as the wheel turns around an induced coil to produce electricity. The magnetic rotor is on the rim itself on the axel of the bike. 

	This design is very similar to our current design except for one detail. The magnetic rotor is not a sustainable part of the design that can easily be found in Uganda. Our design has the magnets around the rim itself which makes it easier to assemble and to repair. This design is not feasible in implementation in Uganda because of the material type and complexity.

Retrieved from source [2].
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Appendix I: U.S. Patent No. D561,689 S








	
This design, owned by Hisayoshi Nakamura, describes a hand crank generator. This is a generator that uses a hand crank motion to create a small amount of voltage. It is hand held and mobile to accommodate many spaces. 

	This design is unable to produce adequate voltage needed to charge ten lithium ion cell phone batteries. It is also made up of inaccessible parts that are not available in Uganda. Our design is sustainable and is able to charge the cell phone batteries to power the surgical lamp. It is also easier to operate because our design uses a pedal system which is more efficient than a hand crank system.

Retrieved from [8].
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Appendix J
Schematics

Generator charging the car battery
[image: ]



Car battery charging the cell phone batteries


Combined schematic of the generator and circuit system
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Prototype Materials

 (
Red 30 g wire
Copper 22 g wire
Insulated wire (gauge 22)
Non-insulated wire (gauge > 22)
)  
 
Short, flat steel core
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Long, round steel core (with green 26 gauge wire)
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Materials Testing

In Materials Tests 1-3, we varied the wire gauges we wrapped around our steel cores. We wrapped the copper wire around two different steel cores. The graphs below show the voltage outputs for these tests.

Materials Test #1
            
Materials Test #2         
Material Test #3
[image: ]
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[bookmark: _Toc153505684]Appendix M
Instructions
Gather Materials:
2 bicycles
Threaded rod (diameter and thread count must match rear axle of bicycle)
2 coupling nuts (diameter and thread count must match rear axle of bicycle)
2 regular nuts (diameter and thread count must match rear axle of bicycle)
2x4x22 in. wood block
8 L-Brackets
16 wood screws
16 metal screws (shorter than metal bicycle tubes)
Steel/iron core (bent to fit around rear bicycle wheel rim)
300 feet 26 gauge copper wire
2 small screws (diameter must be smaller than diameter of core)
2 nuts with same size and thread as above screws
At least 22 car motor magnets
Super glue
Rectifier
12 V car battery
Insulated wire
Alligator clamps
Car charger adaptor
Cellphone car charger
Cellphone with battery
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Cut chain stay and seat stay from first bicycle. These two pieces are Support 1 and Support 2.
 (
Support 1
) (
Chain stay
) (
Seat stay
)[image: ]
Cut 2 1 ½ in. pieces of threaded rod. Attach these to left and right side of rear wheel axle using the coupling nuts.
Position threaded rod in notch on Support 1, making sure legs on Support 1 are angled away from bicycle. Secure with nut. 
[image: http://sphotos.ak.fbcdn.net/hphotos-ak-ash2/hs602.ash2/155437_1433723817169_1655157035_946893_5407602_n.jpg]Repeat step 4 with Support 2. 
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Center legs of Support 1 and Support 2 on wood blocks. Position 2 L-Brackets around each leg.
Mark positions and drill holes in Supports 1 and 2 and in wood blocks.
Secure L-brackets to wood using wood screws. Secure L-brackets to bicycle using metal screws.
[image: http://sphotos.ak.fbcdn.net/hphotos-ak-ash2/hs574.ash2/149659_1433728497286_1655157035_946908_368861_n.jpg]

Remove tire from rear wheel.
[image: http://sphotos.ak.fbcdn.net/hphotos-ak-ash2/hs492.ash2/76546_1433726057225_1655157035_946898_1777447_n.jpg]Position car motor magnets evenly around wheel, alternating poles of magnets.
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Superglue magnets to rim of wheel. 
[image: http://sphotos.ak.fbcdn.net/hphotos-ak-ash2/hs576.ash2/149893_1433727257255_1655157035_946903_4265535_n.jpg]

[image: ] (
Connecting Bar 1
Connecting 
Bar 
2
)Position iron core around wheel and under Connecting Bar 1 and Connecting Bar 
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Mark location of holes in Connecting Bars 1 and 2 on core. Drill appropriate sized hole through core.
Insert screw through each hole on core
Wrap wire around the iron core in the same direction. If wire needs to be soldered together, scrape off magnet insulation before soldering.
[image: http://sphotos.ak.fbcdn.net/hphotos-ak-snc4/hs1230.snc4/156270_1433729097301_1655157035_946914_2778340_n.jpg]
[image: ]Reposition core under Connecting Bars 1 and 2 and secure with nuts. (See image of Connecting Bar 1 below)
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 Solder wires from core to insulated wire on rectifier. Scrape off insulating coatings as necessary.
[image: E:\DCIM\101MSDCF\DSC02664.JPG]
Solder wires on rectifier to wires on alligator clamps.
Solder wire from alligator clamps to car charger adaptor.
Attach alligator clamps to battery (IMPORTANT! Attach red clamp before black clamp) 
[image: E:\DCIM\101MSDCF\DSC02667.JPG]
Insert cellphone car charger into cellphone and insert other end into car charger adaptor
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 [image: E:\DCIM\101MSDCF\DSC02662.JPG]
Sit on bicycle and generate electricity. 
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Cost Analysis
4 packs of magnet wire  $6.99 each
2 coupling nuts  $2.00 each
1 fine threaded rod  $1.50
2 packs of L-brackets  $3.00 each
2 large nuts  $0.10 each
2 small nuts  $0.11 each
2 screws $0.32 each
Self tapping screws (box of 140)  $5.24
8ft. 2 in x 6 in wood  $3.96
Super glue  $1.50
12V/10A adaptor socket  $8.99
Pack of connecter clips (6 pack)  $2.00
Fuse (4 pack)  $2.00
1 fuse holder  $3.00
Battery clamps  $2.00
Circuit board  $2.00
4 diodes  $0.75 each
1 Volt regulator  $1.00
1 roll of electrical solder  $3.99

Total estimated cost:  $82.20

Although this cost is relatively high, it does not accurately reflect our cost.  There is a lot of excess material that we did not use for our prototype that are included in our cost.
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Operatio