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Alternative Power Source Project
1.0  Introduction.  As newer technology is developed, devices such as portable computers have become an integrated part in our everyday lives. This brings on the question; how can we power these portable devices if no standard sources of power are available. Our design of a portable device charger is the solution to this problem. We will create a portable charger that is efficient and effective in powering portable devices on the go.   
2.0  Project Background. There are many different forms of energy that we as humans have yet to take advantage of. Everything from solar energy from the sun to mechanical energy from the human body has a way to generate energy. The purpose of this project is to determine which form of energy we feel is most effective to power a portable device.  
3.0  Project Objectives.  Our goal is to design and develop a charger using an alternative source of energy. Before designing our charger we must choose a design scenario in which our charger is intended to be used. From there we must brainstorm mechanisms that can generate a sufficient amount of energy as needed by our scenario. It is also important to consider factors such as portability, durability, and cost when developing our design.  A well thought and tested analysis is vital when developing our design so we can clearly communicate the cost s and benefits of our finished product.
4.0  Project Requirements.  First and foremost, the charger must be capable of charging mobile devices other than a conventional power source. It also must be portable and durable to work in different conditions. It also needs to be efficient so no power is lost in order to be cost effective. 
5.0  Use Case Scenario.  Our charger will be targeted towards hikers and military personnel in the goal of helping keep their portable devices fully charged while on the go. Our first source will be developed into the soles of large boots and is meant to work in all terrains for a durable yet effective product. The other alternative source of energy will be a simple hand crank. The charger will mainly be meant to charge cellphones, although devices that have similar charging requirements could also work with the device. This device will really prove most useful in emergency situations to prevent somebody being stranded without a phone, such as if hikers get lost or a member of the military gets separated from the group. 
5.1  Energy Consumption Profile.  For mobile phones, the devices our alternative sources of energy will be charging, we researched the size of the batteries and the energy it will take to charge them. An iPhone 4, for example, takes 1420 mA to charge its 3.7 v battery. The time this battery lasts is about 7 hours while talking with 3g data, 10 hours while watching video, and 40 hours while listening to audio.
5.2  Charging Scenario.  Most phones today are able to charge through a simple USB port in the phone. Therefore, we can use a simple wire protruding from our energy source with a USB port that will be able to plug into many different types of phones and charge all of them effectively. 
6.0  Design Constraints/Critical Assumptions.
6.1  Physical.  Due to the fact that our first charger will be located in the sole of hiking boots, we had to make sure it did not weigh them down too much. Therefore, we kept the generator small enough to fit into the boots and kept the weight under a pound. Also, as hikers have to deal with various hard terrains and tough environments, it had to be very durable. The generator is well sealed into the sole of the shoe and to avoid having any holes which dirt or water could get into we simply had a wire that comes out of the power source and can plug into your phone. The other source of energy, the hand crank, will be a portable size that will easily fit into any hiking backpack.
6.2  Public Health and Safety.  Obviously, when dealing with alternate sources of energy, public health and safety should always be a priority. When creating our design, we made sure that the generator would be extremely secure and sealed into the sole of the boot to ensure that no loose parts could cause any issues. Also, the durability of our design shows that it will not break down over time and eventually be a hazard to the user. Of course, the hand crank will not be dangerous at all since it only emits energy when the user needs it, and even then it will be controlled.
6.3  Economic Viability.  After deciding on the parts required for our shoe generator design, we did some research and found that they could be purchased for under $18. Comparing this to the price of a hiking boot, which could range from about $100 to upwards of $300, $18 was not very much at all. Thus, putting this into a hiking boot would not have a major effect on their price, and our product would be very economically viable. The hand crank will also be affordable, and after looking at some of the competition on the market, we believe we can price it around $50.
6.4  Environmental Impact.  Our alternative source of energy is a simple generator powered by walking and creating force on the sole of a hiking boot. It uses no fossil fuels, only natural oils for the hydraulic fluid, and thus is very environmentally friendly. Plus, the materials used, such as titanium for the pistons and carbon and aramid hybrid composite for the shell, pose no threat to the environment once the boots have been discarded. Similarly, the hand crank is human-powered, so does not use fossil fuels and is environment friendly.
6.5  Sustainability.  Some of the resources we will be using are titanium for the pistons in the generator, hydraulic fluid, and carbon and aramid hybrid composite for the shell of the generator. Overall, it will require very little material, and seeing as how these materials are rather common, it will have no permanent effect on their availability. 

6.6  Recycling and Disposal.  Most of our design will not be recyclable; however, the metal pistons can be recycled. To do this, customers simply need to cut open their shoes, remove the pistons, and place them in a recycling bin. Also, the natural oils 
6.7  Social and Political.  Among the hiking community, we believe we have come up with very viable alternative sources of energy to charge their mobile phones. We think this could be very popular as it could potentially save lives if people get lost and need to charge their phones in order to make emergency calls.
6.8  Critical Assumptions.  For our design, one of the major critical assumptions is whether or not the generator in the sole of the shoe will stand up to the pressure put on it by a fully grown person. We are assuming it will, but this cannot be assured until product testing is done.
7.0  Customer Needs.  When considering how to design our product, we had to take various customer needs into account in order to correctly gear it towards our target audience. Similarly, there were numerous engineering requirements we also had to consider. Overall, the importance of each of these requirements helped mold the way we created our final product.
7.1  Customer Requirements.  We thought of various factors our customers would want in a product and in doing so ranked them in terms of level of importance. The customer need we found to be most important was durability, as hikers or soldiers would definitely find themselves in some tough environmental settings, and the charger would have to be able to survive throughout long treks. After durability, we believed that phone compatibility and effectiveness for our charger were the next most important, as it would have to work with a wide array of devices and be able to charge them enough for them to be used. Next, the charger would have to be affordable, have adjustable shoe sizes, and fit comfortably into the shoe, as the customers we’re targeting will be doing tons of walking. A little importance was then placed in the product being lightweight to make travel easier, but we did not want to sacrifice effectiveness just for a few grams of weight. Then, after the weight, we thought customers would need for the product to be as available as possible, as they are not going to want to go out of their way to get their hands on it. And lastly, we put a minimal amount of importance into the fashion aspect of the shoes, but we figured hikers would care a lot more about whether or not it worked than how pretty it was. 
7.2  Engineering Requirements.  In terms of engineering requirements, several factors were taken into consideration most of which were very essential. After corresponding various engineering requirements with customer requirements, we found out that design was definitely the most important engineering requirement. Without a proper design, customer factors such as phone compatibility, adjustable sizes, durability and effectiveness would be faulty.  Requirements such as weight, size, and production were not taken into much consideration as design, materials used, cost and charging capacity were much more important as these factors are essential for a well-working product. For materials, we want to use vibram which makes the shoe durable. Also, we plan on using recycled materials. Production is also important as it corresponds to adjustable sizes and availability. Charging capacity and phone compatibility go hand-in-hand as the main purpose is to charge various mobile devices in emergency situations .      
7.3  Technical Target Requirements/Specifications.  Every part has to be small enough to fit in the shells which will be installed in the bottom of each shoe. Two generators (200mA 1000r/min) will be used to provide power in each shoe. Each of them have size of 1.5cm*1.5cm*1.5cm (exclude input shafts) and series connected to an external battery (1000mAh 3.7V ) by a wire. Also, the wires that connect batteries and generator are required to have diodes on them. Diodes prevent current go backward to generators and causing wearing out and overheat. In order to increase the revolving speed, the input shaft is derived by a set of mechanical gears and crankshaft. Taking steps will press the reservoirs in both side of the shoe to lead the two little pistons revolving the crankshaft around.
7.4  Product Specifications.  The shells used to contain all the parts has 2.25 inch front length, 3.5 inch back length, 4 inch wide and 1.2 inch tall. Assuming a person take two steps every second, which is one step per foot in a second. The piston motion lead the crankshaft makes a round. The mechanical gears sets in both end of crankshaft will transfer this round to another 16 rounds, that will give each generator a  revolving speed of 960r/min and let it to provide current of 192mA. It takes about 5.2 hours of constant 192mA current to fill a 1000mAh battery. Since we have two feet that wear two shoes, and there are two generators in each shoes, four batteries can be filled in 5.2 hours. 4000mAh can fully charge 2.82 units of Iphone 4.
8.0  Conceptual Design  We considered a multitude of design alternatives before finally coming to a decision on our final product. Several factors were taken into consideration whilst deciding which of the few would be the final product. Durability, Phone compatibility and Effectiveness were the top customer requirements we decided to maintain. Keeping these in mind; design, materials used, cost and charging ability are the requirements that go hand –in-hand with the customer requirements. After working with these requirements, our team had six different conceptual designs of which any one of them could be used as a final design. Portable bike charger mechanism was one of the first design ideas.  This mechanism was to convert mechanical energy into electrical energy and was to be located anywhere near the wheel. Phone compatibility and affordability were the two constraints that could not be satisfied. Piezoelectric charger was our next choice. The piezoelectric was to be placed in the shoe. Not only was this design not only ineffective, it was also not affordable. A mobile phone attached to a back panel solar cell was our next design idea. But location and setting was a major constraint as the solar panel requires a good deal of time under the sun which meant it wouldn’t be as much as effective in other places. Eventually, this could not be considerable as the Use Case is based on emergency purposes. Battery charging with the help of a manual hand crank was the next concept design. It fitted well into the requirements as well as the “Use Case” i.e.  A charging device used in emergency by hikers and/or military personnel. Battery charger inside a shoe was our last conceptual design idea. It could also fit perfectly into the “Use Case”.  It could be used in emergency situations for hikers and military personnel. This design is based on using mechanical energy to generate enough current to use your electronic device in an emergency using a small generator with suction bags on either end of the shoe. Also, we narrowed down our search by eliminating the use of air in the suction pockets as it proved to be less effective than a well based fluid. Finally, the hand cranking mechanism and the shoe battery-generator are our final conceptual designs.

8.1  Engineering Design Process.  Using the engineering design process, we first set our main goal as to design and develop a charger using an alternative source of energy. Before designing our charger we must choose a design scenario in which our charger is intended to be used. We decided that our charger should generate enough current so as to charge up any cellular device to use in an emergency situation. We characterized and analyzed the specific customer requirements and corresponded them to different engineering requirements such as design, materials used, charging ability, etc. After this, we generated six different concept models which were fit to the desired customer requirements. Portable bike charger mechanism, piezoelectric charger, a back panel solar cell attached to mobile phones, Battery charging with the help of a manual hand crank and Battery charger inside a shoe with/out air filled pockets are our conceptual designs. Of this, we decided the Battery charger inside the shoe was our primary design and the battery charging with the help of a hand crank was our secondary. We made our mind by carefully analyzing each conceptual design and how it fit with our Use Case.  This concept is based on the idea of charging a battery with the help of a small generator attached inside the shoe to produce sufficient current to charge a device for emergency purposes. Suction pockets are placed in the bottom and top part of the shoe, ensuring mobility.  After various findings, we concluded that this would be an ideal design to go through with.  
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8.2  Concept Generation Portable bike charger mechanism was the first one idea we came up with. After that, piezoelectric charger caught over attention until we realized it was not affordable and not effective. Back panel solar cell attached to mobile phone was also a choice of ours. Battery charging with the help of a manual hand crank and Battery charger inside a shoe with/out air filled pockets were our last conceptual ideas we thought of. A battery charger inside a shoe with fluid filled suction pocket is our final design.
8.3  Quality Function Deployment (QFD). The QFD was a very easy way to identify and characterize customer requirements and engineering requirements. The QFD is easily understandable. Under the QFD, we realized the direct relationship between several constraints used. We then observed several direct relationships between customer and engineering requirements. Some of them are Phone compatibility and design, durable and material used, etc.  With the help of a QFD, we were able to identify the highest and lowest ranked engineering requirement. The technical requirement column keeps us reminded of our limits and targets. After using a QFD, relationships between customer and engineering requirements becomes more understandable. Engineering requirements are just the technical terms of all the customer requirements used.
  
8.4  Concept Selection. . The two concept designs were selected on the basis of how close its features were to the Use Case scenario.  They are both portable and can be used to charge a device in an emergency. 
                                                                       Hand crank
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8.5  Benchmarking. Overall, the shoe battery charger seemed to be the more obvious choice. In terms of cost, it’s roughly less than $18 a unit which is relatively cheaper than making a bike charger or a solar panel back on a phone. After considering usability, the solar cell battery proved weak as it cannot be used everywhere to its full potential cause of sun rays.  Hence the shoe battery charger was the best choice as it even followed most of the constraints given by the Use Case.  Using a QFD, we could identify that the design is the highest ranked engineering requirement and weight is the lowest ranked.
9.0  Final Design.  The final design that we decided on was the shoe generator. We chose this because we thought it was the most innovative design that we came up with, and there were already a lot of options in terms of hand cranks on the market, which made this idea far more unique. As seen on the picture on the next page, we decided to put in 2 generators along with 2 small batteries for maximum charge capabilities. The batteries hold 3.7 volts of charge, plenty to charge any mobile phone. In terms of cost, everything can be bought cheap. The generators only cost $3 each, while the batteries can both be bought for the low price of $4. The charge is transferred to the phone through a universal plugin, and that only costs $5. Also, Figure 1 shows how the whole thing will fit into the sole of a boot, and as pictured it is very smug and compact. Finally, Table 1 shows some of the customer requirements and engineering requirements considered in our design. The factor that we put the most importance into was the durability of the product, seeing as it would have to brave the outdoors, whereas the fashion aspect was the least considered, since hiking is much more about roughing it and exploring than looking good. In the end, we definitely believe that this final design has been revised enough to satisfy our use case scenario and our customers.
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10.0  Conclusions.  In conclusion, we have found our final design for an alternative source of energy to be both innovative and extremely successful. The shoe generator addressed our use case scenario: to charge the mobile devices of hikers, and it solved the problem of doing so out in the wilderness without any electricity. It met all design constraints that we put forth, it was unique and unlike many other alternative chargers on the market, and we believe that customers will love this new product. Not only was our design a success from an engineering standpoint, but it could potentially save the lives of any hiker gone astray by allowing them to have the power to use their mobile phone in a crisis. As such, we firmly believe this product can be a success, and we are satisfied with how the design process has went for our group.
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time for iphone 4 using: 


3G internet--7hrs  *2.82=19.74 hrs


2G internet--14hrs  *2.82=39.48 hrs


standby time--300hrs  *2.82=846 hrs


video --10hrs  *2.82=28.2 hrs


audio--40hrs  *2.82=11.28 hrs








2.5inch*1.5inch .9inch





Shoe Generator Design
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Table 2- Hand Crank QFD





Table 1- Shoe Generator QFD





Above is the basic design of the show generator that uses compression of hydraulic fluid to drive the pistons which drive the generator.





This is an image the solid works drawing of the piston used to power the generator.





This is the hydraulic fluid reservoir that compresses when stepped on. This forces the fluid into the piston.





Figure 1.  Generalized engineering design process.
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