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ABSTRACT 
 Currently over 478 million, toxic filled, batteries are disposed of each year in the United States.  
In addition to this fact, it is known that joggers expend much energy in order to maintain endurance 
and health.  The up and down movements of a jogger could be readily recovered into useable energy 
which could replace batteries.  The electricity produced by this generator will operate LED strands on 
a vest to enhance visibility for a jogger without the usage of batteries. 
 A survey was sent to a local college and ranked highest by the customer was a low initial cost 
and weigh no more than 4 pounds.  The engineering characteristics that were ranked highest for this 
product included a multiple pockets for a variety of placements of the generator, thin material to aid 
in the power creating efficiency, and a strong magnet to produce the most electricity possible.  After 
the customer requirements were analyzed a proof of design contract was written to maintain the 
product’s goals. 
 Several different designs were considered, including a rack and pinion generator and solar cells.  
The ideal design chosen, however, was the linear generator.  Power calculations proved that it was 
possible for a linear generator to produce at least 2.5 volts and 0.03 amps.  This is the minimum 
requirement to operate 24 LEDs.  The generator was kept within an acceptable size.  A drop test from 
24 feet and a 100-pound force test were performed to ensure the durability of the linear generator 
design.  After the product was completely designed, key components were chosen to build the 
generator.  These components include a spool of 23-gauge magnet wire; thin walled tubing for 
building the coil and housing the generator, LED strands, a magnet, and vest material. 
 A preliminary schedule was compiled to manage the design and the construction of the product.  
This schedule differed during the first half of the winter quarter 2007.  The application of the product 
was changed to benefit joggers.  The last half of the spring quarter, 2007, was spent conceptualizing 
and designing the product. The design freeze, February 21, 2007 was not met.  The oral presentation 
was given to the advisor committee as planned on March 7, 2007 and the design report was submitted 
on March 16, 2007.   
 The building and assembling of the device went as expected.  The advisor observed the proof of 
design on May 14, 2007.  The device performed better than expected.  32 LEDs were used instead of 
the 24 LEDs originally planned.  Depending on the speed of the jogger, the generators produced over 
4 volts at about 0.129 watts.  The final cost of the Jogging Generator was $324.95, a 1.2 % difference 
of the initial budget of $321.  Additionally, the vest was within an acceptable weight range and could 
be worn with relative comfort.  The Jogging Generator was presented to the public at the Tech Expo 
on May 17, 2007.  The final presentation to the MET department was given on May 25, 2007.  The 
completed final report was submitted on June 4, 2007. 
 After building and testing the Jogging Generator, numerous forms of improvement were 
conceived.  Two ways to reduce the price of the Jogging Generator for the customer would be to buy 
more parts in quantity, such as the magnets, wire, and neoprene; and to build the LED strands in 
house.  Customer oriented improvements included detachable generators, converting the vest into a 
personal device charger, waterproofing the electronics, and machine winding the coils.  These 
improvements could drastically improve the marketable value of this device. 
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INTRODUCTION 
 The world’s natural resources and environment have deteriorated at an alarming rate with the 
rise of technology. The introduction of alkaline batteries has perpetuated a throw-away-society.  
Providing a reusable source of energy to replace batteries for certain activities would help reduce and 
slow down the toxic effects of battery disposal.  Jogging is ideal because not only is the person 
already attempting to burn excess body energy but the jogger’s visibility to motorists also needs to be 
improved.  The added weight of an energy-producing device will not be a hindrance but rather an 
advantage to staying healthy.  It is possible to convert the up and down motions of joggers into 
useable electrical power.  This concept is based on Faraday’s Principle. 
 
FARADAY’S PRINCIPLE 
 When a magnetic field changes (moves up and down) inside the loop of a conductive material 
(copper wire), the field causes the electrons to shift back and forth within the conducting circuit.  The 
potential difference created by the shifting electrons is defined as voltage.  The current that the 
electrons take is alternating due to the up and down motion of the magnet through the loop.  An 
example of this process can be seen in Figure 1.  The mechanical energy used to move the magnet up 
and down is converted into electrical energy through this process. 
 

                           
  Figure 1 – Example of Faraday’s Principle 
  
 Faraday’s Principle states that when a magnet is moving though a coil of wire, a voltage will be 
induced across that coil.  The principle continues, saying that the induced voltage will at the same 
time create an induced current.  Faraday’s Principle proves that the amount of voltage induced is 
proportional to the speed at which the magnet moves in and out of the coil as well as the number of 
loops that make the coil. [1

CURRENT APPLICATIONS 

] 
 
 
 

 Faraday’s Principle is a historic concept that is involved directly with all electricity produced.  
Until recently, only rotational generators were utilized to generate electricity because of the numerous 
ways to turn the generator shaft.  The idea of a linear generator, however, is beginning to come 
around to the forefront.  More products are being conceptualized and built by taking advantage of the 
many instances of linear motion. 
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 One university is exploring the use of sinusoidal waves in the ocean to generate electricity.  
Figure 2 shows that by placing farms of these linear generators on the surface of the ocean, the energy 
in the waves can be converted to useable electricity.  Since there is no energy wasted converting the 
up and down movement into rotational movement to power conventional turbines, the linear 
generator can run at about 90 percent efficiency.  This method has the ability to create about 100 
kilowatts power.  Depending on the size of the generator farm, it could produce many mega-watts of 
power. [2] 

 
 

Figure 2 – Wave Generator Farm 
 
 Another practical use of the linear generator that is beginning to gain popularity is the concept of 
a batteryless flashlight.  Figure 3 shows one type of example of a batteryless flashlight.  With this 
product, manually shaking the flashlight for 30 seconds will operate an LED for 5 minutes. [3]  This 
product demonstrates that the public is willing to produce a little extra effort in order to save on 
expense as well as saving on the hassles of constantly buying and replacing batteries for small 
products. 
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Figure 3 – Batteryless Flashlight 

 
  
 Automotive purposes are another example where linear generators are seeing use.  A group has 
developed a shock absorber that can automatically adjust to the conditions of the road.  A linear 
generator that is built within the shock absorber solely powers the sensor that operates this device.  
Space constraints in the shock limit the size of the magnet that is used; therefore, the type and size of 
the magnet used is analyzed for maximum efficiency.  This component was able to create 2.4 volts at 
1 m/s per shock absorber.  [4] 
 
LINEAR GENERATOR USE IN A JOGGING ENVIRONMENT 
 People run to maintain health and endurance.  There are many types of joggers, those who speed 
walk, those who take quick fifteen-minute runs, and marathon runners who can run for hours.  What 
each type share in common is the time commitment and safety this exercise requires.  To maintain 
safety some purchase vests that light up, allowing the runner to be seen when there is little visibility.  
Unfortunately this requires the use of batteries.  These batteries are then thrown away and contribute 
to the nearly 475 million batteries thrown away in the United States each year.  This includes 120.1 
thousands tons of disposable and 35 thousands tons of rechargeable batteries.  Besides contributing to 
the vast amounts of trash, each battery contains toxic materials that will eventually leak into the 
environment.[5]  A device that could replace batteries for something only used while jogging could 
have huge implications for the environment. An extremely efficient LED vest used by a jogger has a 
75-hour life.  At first glance it seems like this device would never need its batteries replaced.  If a 
person jogs an hour a day, in a little over two months the batteries will need to be replaced.  Almost 
twelve batteries are used each year per person just for jogging.  Each battery thrown away contains 
toxic material that will leak into the environment and cause major harm to life.  Most devices are not 
as efficient as LEDs.  Devices such as mp3 players or CD players have a much lower battery life.  If 
the same jogging generator device could recharge or run these devices, even more batteries would be 
saved from being thrown away.  This, unfortunately, would require special adapters and other 
equipment, which could be beyond the scope of this project.  Attaching an LED vest to this linear 
generator would prove that this concept it valid and it will still create an impact on the amount of 
alkaline or mercury celled batteries that are disposed of each year. 
 The concept of a linear generator on a small scale has been proven with the shaking flashlight.  
Using stronger material magnets and more coils, a person jogging will be able to power a string of 
LEDs.  This will be possible because, rather than converting the mechanical energy of a moving hand, 
the jogging linear generator will be converting the mechanical energy of the entire jogger’s body.  A 
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linear generator on a jogger is the most ideal placement.  A jogger is constantly moving up and down 
and therefore constantly creating power.  The converted power is only going to be needed when the 
jogger is running, so when the jogger stops running there will be no problem when the power to the 
LEDs is cut off.  This device will directly benefit the jogger in several ways.  The jogger will be 
provided with extra safety by increasing the visibility from the LEDs, and without having to pay for 
battery replacement, he will have the peace of mind that he will not be contributing to the disposal of 
batteries with toxic material inside.  The added weight of the device will improve the jogger’s 
endurance and health. 
 
CUSTOMER FEEDBACK AND FEATURES  
 A survey was implemented to collect the customers’ feedback.  The QFD was used to organize 
the data and produce ideas for tangible developments that achieved the survey’s characteristics.  
These concepts were listed and tested as product objectives. 
 
SURVEY  
 A survey was given to students at a local college to determine the best design to maximize 
comfort, cost, and efficiency.  As seen in Appendix B, there were three main questions asked: how 
much should the generators weigh, where the generators should be located, and what the cost of each 
component on the device should be.  The weight of the generators decided how much material should 
be used; this is a limiting factor on how much power each generator can produce.  The placement of 
the generators was a very important question.  Jogging with up to an extra four pounds of weight 
required that the comfort of the jogger be maximized.  If the customer is not comfortable with the 
product, it will not be purchased.  Two locations were determined as maximum comfort areas and 
were rated the same by potential customers, on the back at belt height, and on the front at chest 
height.  A third option, the customer also ranked placing it on the sides at belt height very high.  The 
survey showed that the customer favored a low initial cost of the equipment over a quick payback 
period and low servicing cost.  This required additional thought designing the device as efficient and 
durable as possible while maintaining a low overall cost.  The complete analysis and calculated 
average rank of each question on the survey can also be seen in Appendix B. These numbers were 
then used in the survey analysis tree also located in Appendix B, which produced a relative 
importance in percentage.  Table 1 shows the relative importance of each question asked in the 
survey.  Overall a low initial cost was the most important aspect for the customer.  A generator 
weight of 2-4 pounds was ranked next, closely followed by the total weight between 4-6 pounds. This 
shows that should the weight of the generators exceed 2-4 pounds then it will still be within the 
customer satisfaction of 4-6 pounds.  Quick payback and low servicing cost followed.  The added 
weight of 0-2 pounds was the lowest rank of the added weight of the generators.  The final ranked 
areas were the placement of the generators.  The locations of front at chest height and back at belt 
height were ranked the highest among the placements.  This data was analyzed in the QFD. 
 

Table 1 – Relative Importance of Features 
  
ANALYZING CHARACTERISTICS 
 The features for the jogging generator were created using the survey results and analyzed in a 
QFD as seen in Appendix C.  Table 2 shows the list of features and the relative importance of each.  
These were weighted with the customer importance and sales points.  The customer importance came 
directly from the analyzed survey results.  The sales points would have come from the marketing 

 Front, 
Belt 

Height

Side, 
Belt 

Height
Back, Chest 

Height

Back, 
Belt 

Height

Front, 
Chest 
Height 0-2 Lbs

Low 
Servicing 

Cost

Quick 
Payback 
Period 4-6 Lbs 2-4 Lbs

Low 
Initial 
Cost

5.3% 5.4% 5.4% 6.0% 6.0% 9.8% 10.6% 11.4% 12.3% 13.5% 14.1%  
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department, but this was unavailable so it was calculated based on how strongly the customer rated 
certain aspects on the survey.  The points were calculated by assuming each whole number from one 
to fifteen (1-15), was worth .02 and was added to one (1).  For example, 1% was equal 1.02, 2% was 
equal to 1.04, and so on to the maximum of 1.3 at 15%. 
 
 
Table 2 – Relative Importance in Engineering Characteristics 
 

 
 Various ideas were developed to produce the desired effects presented in the survey.  Providing 
various placements of the generator ranked the highest in the area that directly concerned the 
customer with the development of a jogging generator.  This allowed more people to be comfortable 
with the placement of the generators.  Certain materials of the generator were beneficial to be thin.  
The plastic tube used to hold the wire coils had to be thin to have as little effect on the magnetic flux 
as possible.  A strong magnet and numerous coils of wire ranked high because, as described in 
Appendix A, this is the most efficient way to convert kinetic energy into electrical energy.  Making 
the housing with thick material helped give the part added strength and durability.  Parts that were 
easy to replace were used to reduce the manufacturing and servicing costs.  Padding and seals were 
placed in and around the device to reduce the sound created by the device.  The magnets used in the 
linear generator were attached to springs to enhance vertical movement created by jogging, to dampen 
noise between the magnet and tube, and to reduce wear on the generator.   
 
PRODUCT OBJECTIVES 
 The features developed by the QFD allowed a list of product objectives to be developed.  A vest, 
that allowed the jogger a variety of locations to place the generators, was built.  Simulating normal 
jogging conditions tested the effectiveness of each pocket to comfortably hold the generators.  The 
generator will be kept under 35 dB by being sealed and padded.  This was to be tested by manually 
simulating operational use in front of a decibel meter in the OCAS science lab.  Durability will be 
addressed by using strong material.  Ensuring the device continued to operate through out all testing 
tested the durability.  4 lbs is the maximum weight for the device.  This addresses the weight issue 
and was achieved by minimizing parts and carefully choosing lightweight material.  A scale was used 
to verify that the weight limit is met.  Enough power was created to operate the two strands of LEDs 
located on the vest and to replace the typical four AA batteries commonly used to operate the LEDs.  
This was achieved as long as the generators were able to produce 4 volts and at least 0.075 Watts.  To 
verify these numbers, the generators were placed on a jogger with a multi-meter attached to the two 
leads and continuously recording the output.  An easy to read list is provided in Appendix D.  These 
objectives were used to compile a product agreement, as seen below. 
 
PROOF OF DESIGN AGREEMENT 
 The following is a list of product objectives and how they were obtained or measured, to ensure 
the goal of the project was met.  The product objectives focused on a device that captured the vertical 
movement (caused by typical jogging motions) of a runner and convert it into useful electricity.  This 
system will allow the jogger to operate LED strings to be seen while jogging, without the aid of 

 Two 
Elastic 

Pockets 
Front of 

Belt

Two 
Elastic 

Pockets, 
Side of  

Belt

Two 
Elastic 

Pockets, 
Rear of 

Vest

Two 
Elastic 

Pockets, 
Rear of 

Belt

Two 
Elastic 

Pockets, 
Front of 

Vest

Off 
the 

Shelf 
Parts

Additional 
Weight

Thick 
Material

Strong 
Magnet/

Large 
Number 
of Coils

Thin 
Material

Adustable 
Placement 

for 
Generators

Absolute 
Importance 0.4 0.4 0.4 0.5 0.5 0.7 1.7 2.5 2.6 3.0 3.1

Relative 
importance 0.027 0.028 0.028 0.031 0.031 0.042 0.105 0.159 0.164 0.188 0.196  



Jogging Generator Chris Stollenwerk 

6 

batteries. 
Ideal Weight for Joggers 

1.) Thin, yet durable plastic materials will be used to prevent over weight of device. 
2.) If device weighs less than the desired 2-4 pounds required by the customer, additional 

weights will be added 
3.) The device will be measured on a scale. 

Quiet During Operation: 
1.) When operating under normal use, the device will not exceed 35 dB. 
2.) The following will ensure this expectation: 

- A completely sealed unit 
- The use of springs  
- Moving parts will be lubed 
- Noise insulation where applicable 

3.) The amount of noise produced will be assessed with a decimeter, such as one located at 
OCAS. 

Durability: 
1.) Material will be selected that will not fail during testing.  The device will show no signs 

of failure after testing. 
2.) Selection will also be based off FEA testing on COSMOS. 

Calculated Power 
1.) To properly operate the LED strings without the aid of batteries the generator must 

produce at least 2.5 Volts and 0.075 A. 
2.) This can be done more efficiently in several ways: 

- Increasing the number of coils around the magnet. 
- Increasing the strength of the magnet. 

 
PRODUCT DESIGN 
 Two different alternatives to producing usable power while jogging were researched.  The first 
option was to use a rotational generator attached to a rack and pinion system.  The other option was to 
use cloth-like solar cells.   
 
DESIGN ALTERNATIVES 
 A concept considered was the use of a rack and pinion to convert linear motion into rotational 
motion.  A similar idea was developed into a backpack that generated energy as seen in Figure 4.  A 
rigid frame was designed that held the rack and attached to the hiker’s back.  This frame was attached 
to a harness, which carried supplies, by means of springs.  On the harness was attached a generator 
with a gear that was connected to the rack.  The springs enhanced each up and down motion while 
hiking and turned the generator. 
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Figure 4 - Rack And Pinion Generator 
 

 This design was dismissed for several reasons.  A rack and pinion design loses a large amount of 
efficiency when converting linear motion into rotational motion.  The overall design would be 
cumbersome and uncomfortable for a jogger.  The amount of power produced by the backpack was 
dependent on the amount of weight being carried by the person, but a typical jogger does not want to 
carry large amounts of weight while running.  The device utilizes a large number of parts, moving and 
stationary, that will more likely lead to some type of failure.  This design is more optimized to hiking 
slowly and steadily with large amounts of weight.  This concept would be too destructive and would 
wear on a jogger’s body. 
 A second possible design option was to utilize a cloth-like solar cell apparatus as seen Figure 5.  
The solar cells could be sewn into a jogging vest attached with LED strands.  The solar cells would 
convert ambient lighting into power for the LED strands.  This would be extremely lightweight and 
comfortable for a jogger.  There would also be no moving parts, which would dramatically decrease 
the likelihood of parts failing. 

 
Figure 5 - Cloth-Like Solar Cells 
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 This design was also dismissed.  The large quantity of solar cells required would be very 
expensive.  Solar cells are also very dependent on the weather; if it is not very sunny then the cells are 
not producing power.  Using artificial light to produce power would defeat the purpose of saving 
energy and protecting the environment.  Also, using the LED vest at night would not be possible 
because the energy stored in the capacitors during the day would discharge by the time the sun goes 
down.  The only solution to this would be to have the solar cells charge batteries during the day, 
which would defeat the goal of reducing battery disposal.  This option is useful for producing small 
quantities of power and for devices where the power can be stored indefinitely.  The small amount of 
power generated would not justify the high cost of the solar cells.  The rechargeable batteries needed 
to store the power produced will not, in the long run, do anything to correct the battery waste issue.  
This design did not produce solutions to the project criteria and was not chosen. 
 
DESIGN SELECTION 
 The design selected for this project was a linear type generator as described in the research 
section of this paper.  This design addresses each problem in a way that the previous two could not.  It 
is a simple, ergonomically appealing design, and it produces the type and amount of energy necessary 
for this project. 
 A linear generator is very simple.  It only requires a coil of wire and a magnet moving up and 
down in that coil. The jogger’s up and down motion while running in this case will move the magnet.  
By reducing the amount of mechanically moving parts, this design will virtually eliminate any type of 
internal part damage that could prevent the device from functioning properly. 
 A linear generator is much more appealing to joggers than the other two designs.  Providing two 
generators to keep the weight symmetrical, would allow a minimal amount of weight.  The weights 
and linear generator will not be cumbersome and could improve a jogger’s endurance and strength.  
This design would be cheaper than the solar powered design and the rack and pinion design because it 
will not require an expensive frame to be built.  Linear generator design allows the option for the 
jogger to decide where to place the generators for maximum comfort.  This is the most effective 
design that addresses all the customers’ needs. 
 This design produces the type and amount of energy required for this project.  That is, the energy 
created is able to be stored momentarily in a capacitor, eliminating the need for a battery.  It is able to 
produce enough power to run the LED strands during any condition and at any time of the day.   
 
THEORETICAL CALCULATIONS 
 There were several preliminary design calculations that were required before the device could be 
built.  The linear generator was custom built for the specifications of this project.  This required the 
generator to be capable of producing an adequate amount of volts and power, based on the strength of 
the magnet and the number of turns of wire used in the coil.  The housing design for the generator 
also had to withstand a certain amount of punishment without failure. 
 
POWER  
 The decided requirements for the generator came from the selected string of LEDs.  The LED 
strands come from a pre-existing battery powered vest.  Each vest contains 16 individual LEDs that 
require 2.5 volts and 0.02 amps.  The initial jogging vest design required 24 LEDs for a combined 
power requirement of 2.5 volts at 0.03 amps. 
 In order to properly design the linear generator, several formulas were derived, as seen in 
Appendix E.  These formulas solved for several variables required in the design of the generator.  
These variables included the strength of the magnet, the number of turns in the coil, the diameter of 
the wire and the overall resistance of the system. 
 A rare earth magnet was chosen that had a magnetic field strength of 1.32 Tesla.  The frequency 
of a typical jogger was decided to be about two up and down movements per second, or 2 hertz.  
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According to the specifications of the online LED vest, the resistance of the strands is 83 ohms.  23 
Ga. Wire was chosen for the coil due to the price, availability, and its 20.36 ohms per 1000 feet 
resistance. 
 Appendix G shows the actual calculations that determined the final power measurements of the 
designed generator.  Each generator will result in 4 volts and 0.032 amps for a power output of 0.128 
watts. A factor of safety of 1.6 will be provided for the voltage created by each generator.  
Unfortunately only 0.002 amps could be added for safety for the requirements of the LED strands.  
This was because each factor in the calculations dramatically affected the outcome and 0.032 amps 
were the closest that could be obtained for the desired amount.  In addition to these safeties, the 
jogging vest was equipped with two generators to help maintain a balanced weight for the jogger.  
Since two generators were used, the entire system would be doubled because the generators were 
placed in series.  The generators could have also been attached in parallel, depending on which was 
more beneficial.  
 
DROP TEST 
 A simulated drop test was performed to ensure the structural integrity of the device under 
extreme circumstances.  The test was calculated using Solid Work’s FEA program, Cosmos.  The test 
assumed that the floor was a rigid surface and that there was no external force being exerted on the 
generator during free fall.  The height of the drop was determined that the average adult male is 
approximately six feet tall.  A safety factor of four was decided and so the test was conducted at a 
height of twenty-four feet. 
 Appendix F shows the results of the stress, strain, and deformation analysis.  A maximum of 
4000 psi of stress was calculated at the center of the assembled cylinder.  Stress on the rest of the 
assembly was equal to 525 psi or less.  The major strain factor also occurred in the center bottom of 
the assembly cylinder.  This was the largest strain factor of 2.731*10-2.  There was also some 
noticeable strain on the walls of the cylinder with a factor around 9.102*10-3.  The rest of the 
assembly received strain factors of 1.594*10-18 or less.  The displacement of the test shows that the 
majority occurred at the top of the assembly at 5.2*10-2 inches and became less noticeable to the 
bottom of the assembly with a displacement of 3.13*10-5

VERTICAL AXIAL FORCE TEST 

 inches or less.  The simulated drop test 
showed that the assembly did not fail. 
 

 A second simulated test was also performed using Cosmos.  This test was to calculate a 
simulated force being exerted on the vertical axis of the assembly.  The assumption in this test was an 
average six-year old who weighs 50 pounds standing on the generator unit.   A safety factor of two 
was applied.  This gives a force of 100 pounds and an average age of 12 years.  Children older than 
twelve are assumed to know better than to stand on the jogging generator. 
 Appendix F shows the results of the stress, strain, and deformation analysis.  The analysis shows 
large amounts of stress located on the assembly cap where the coil tube is located.  Most of the stress 
at this area is between 3,400 psi, 1,900 psi, and 750 psi.  A small concentrated area has a maximum 
stress of about 3,800 psi.  The rest of the assembly shows less than 750 psi of strain.  The majority of 
the strain also occurred on the cap and where the coil tube is located.  The largest strain factors 
ranged between 1.732*10-2 and 2.817*10-3.  The rest of the assembly experienced little to no strain.  
The displacement analysis shows that the most affected areas had a displacement of 9.85*10-2 inches 
or less, while one concentrated area had a displacement of 9.85*10-2

COMPONENT SELECTION 

 inches.  This test also passed 
without any extreme failures. 
 

 Appendix G shows the assembly drawing of the linear generator and the housing with a cut out 
view that shows where each part is located within the assembly.  Also included are the schematics for 
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the rectifier that will convert the AC current produced by the generators into the DC current required 
for the LED strands. 
 
GENERATOR 
 Two types of clear, thin walled packaging tube was chosen for the design of the generator.  A 
picture of these packaging tubes can be seen in Appendix H.  A smaller diameter tube with an 
approximate inner diameter of one inch will be used to form the coil, and a larger tube with a cap will 
house the generator.  Appendix H shows the spool of 23-gauge magnet wire that will be used to create 
the coil.  Very soft conical springs will be included at both ends of the coil tube, as seen in the picture 
in Appendix H.  A 1.32 Tesla rare earth magnet was chosen, as seen in Appendix H, for its strength 
and effectiveness to be used in the generator to produce the electrical current.  Appendix H shows the 
rubber washers chosen to fit between the coil tube and the housing tube for additional support.  The 
rectifier needed to convert the AC current into DC current will consist of a 10,000 μF capacitor rated 
at 16 volts which provides a safety factor of four from the voltage expected to be produced.  It will 
also include four diodes rated at 1 amp.  This will provide a safety factor of 30 based on the expected 
amount to be produced.  A manufactured picture of the rectifier can be seen in Appendix H. 
 
VEST 
 Neoprene, a material similar to the material seen in the picture in Appendix H, was chosen for 
the vest.  The pockets were made from the elastic material seen in Appendix H as well as the 
neoprene material.  The LED strands were acquired from a pre-existing battery powered LED vest, as 
seen in Appendix H. 
 
MISCELLANIOUS SUPPLIES 
 Other various supplies were also needed to complete this project.  Wire was needed to connect 
the electrical parts.  Epoxy and silicon was needed to seal components.  Special thread was needed to 
sew the vest.  Velcro was needed for opening and closing the vest.  Insulation material was also 
needed to control the noise of the generators. 
 
 
FABRICATION AND ASSEMBLING 
 The plan for building and assembling the device consisted of four steps.   The first step was to 
build the linear generator, followed by the construction of the rectifier.  The third step was to sew the 
vest together and finally attach the LED strands.  The order of these steps was determined by 
knowing the size of the generator.  The rectifier needed to fit inside the generators.  The size of the 
generators determined the path of the LED strands. 
 The inner tube, which held the wire coil, was obtained from a hardware store and originally held 
a cold weld compound.  This tube was the correct diameter to fit the magnet.  The first step in 
building the generator was to epoxy the two 2¼” diameter rubber washers on both ends of the tube in 
order to hold the wire in place.  The magnet wire was wrapped around the tube by hand.  After each 
30 wraps, a tick mark was recorded.  When 100 tick marks were made then it was known that there 
was 3,000 turns on the generator.  Care was taken to make sure the wire was not twisted, which could 
cause a break in the thin coating in the wire.  If this happened the wires could short circuit and ruin 
the strength of the generator.  The first three or four layers of wire were very efficiently and evenly 
wrapped.  Eventually human error caused the wire to be wrapped unevenly and overlapping of wires 
occurred.  This wasted airspace between each turn caused the diameter of the coil to increase faster 
than expected and only about 2,700 turns were able to fit on each generator.  The epoxy used to hold 
the rubber washers in place was ineffective and did not cure.  The washers began to slide off the tube.  
Using super glue to hold the washers in place solved this problem.  The springs were also super glued 
onto the magnets then placed into the coil tube.  The lid was then placed onto the coil tube and sealed 
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with super glue.  The coil assembly was then pushed into the plastic outer tube, which had an inner 
diameter of 2 1/4'” and an outer diameter of 2 ½”.  The final step was to place the vinyl end caps on 
the assembly.  The lead wires were fed through holes in the rubber washer and the vinyl cap. 
 Once the size of the generator was established, the maximum size of the rectifier was 
determined.  Initially silicone diodes were purchased, but later determined to have too large of a 
voltage drop to be effective in this device.  Schottky diodes were purchased next but were too large 
and the direction could not be determined.  Finally a germanium diode was ordered that had a voltage 
drop of only 0.34 volts, was small, and had a readable direction.  The diodes were placed on the 
circuit board according to the schematic; see Appendix H.  The capacitor was placed on the circuit 
board along with the in and out leads as seen in Appendix I.  The rectifier was then placed into the 
generator tube.  Silicon was used to secure the rectifier and prevent vibration during use, as seen in 
Appendix I.  The assembly tube was cut with enough clearance to hold the rectifier to protect the 
electrical components from the elements. 
 The vest was cut from the neoprene strips to fit the size of the designer.  In order to ensure the 
generators remained tight to the body and did not create discomfort to the jogger, five points where 
the vest can be tightened were made.  Each point connects with Velcro.  All Velcro and parts of the 
vest were sewn together using a sewing machine.  A picture showing the overall vest can be seen in 
Appendix I.  Pockets to hold the generators were then sewn onto the vest.  Extra neoprene was used to 
wrap around the generator and hold the two generators in place.  Elastic material was sewn in the 
bottom of the neoprene pockets to prevent the generators from slipping out during use.  A picture of a 
completed pocket can be seen in Appendix I.  In addition to the two pocket positions required by the 
customers: front at chest height and back at belt height, two pockets were made on the side at belt 
height.  This decision was made based on multiple reasons.  The first reason was to give the customer 
an additional option.  It was also an easier position to switch the generators to the front position or to 
hold in the hands while jogging.  A side position also offered greater comfort if the jogger is sitting 
while wearing the vest. 
 After the vest and generators were made, the LEDs could be placed on the vest in a way so that 
no individual LEDs would be obstructed from view.  The LEDs were first removed from the battery-
operated vests.  White plastic discs that surround each LED bulb were left on the strands.  Slits were 
made throughout the vest at a distance that gave the LED wire slack.  The slack in the wire allowed 
the neoprene material to be stretched without fear the LED bulbs could be damaged.  The LEDs and 
the white discs were pushed through the slits while the wires remained on the other side.  This created 
a sandwich action holding the LEDs in place, as seen.  Two complete LED strands were used (32 
individual LEDs) and attached in series.  Extra neoprene was sewn on top of loose LED wires to 
improve comfort for the jogger and to prevent the wires from being accidentally ripped off the vest.  
A picture of this can be seen in Appendix I.  The generators were placed in the pockets, connected in 
series, and finally attached to the LED strands.  A picture of the assembled vest can be seen in Figure 
6. 
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Figure 6 - Assembled Jogging Vest 
 
TESTING AND RESULTS 
 Simple testing was applied to the Jogging Generator to determine its effectiveness.  The results 
of the tests were then compared to the list created earlier in the proof of design agreement given to the 
advisor.  This comparison would establish if the device is acceptable. 
 
TESTING 
  Several tests were performed to compare, as accurately as possible, the actual product to the list 
of product objectives, located in Appendix D.  A simple digital scale was used to measure the overall 
weight of the device.  The comfort of the device was a subjective analysis based on wearing the 
device for an extended period of time while simulating jogging motions.  The amount of noise 
produced by the device was measured by simulating jogging in a sound deadened room and using a 
decibel meter provided by the OCAS electronics lab.  Connecting the generator leads to a voltmeter 
and measuring and recording a live feedback in a graph while simulating jogging motions measured 
the efficiency.  The current was measured by connecting the amp meter’s leads in mid circuit and 
recording the live data onto a graph while simulating jogging motions.  The vest was also evaluated 
by being placed in a darkened room to determine if the vest improved the jogger’s visibility.  Due to 
the time constraints, the durability was only measured by ensuring the device continued to work after 
the rigors of the testing. 
 
TESTING RESULTS 
 The results of the tests performed on the Jogging Generator were all favorable.  Several 
problems did arise while attempting to perform the tests.  The level of noise produced could not be 
measured accurately because a controlled room could not be obtained.  Various background noises 
contaminated the meter and produced a louder than actual noise level.  This test was thrown out.  
While operating the vest the noise produced by the generators was neither distracting nor 
overpowering.   
 The weight of the entire vest was 4.7 pounds.  Although this is 0.7 pounds heavier than the 2-4 
pound range as stated in the product objective, this is not seen as a failing number.  The extra weight 
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is a trivial amount, but also the weight range of 4-6 pounds was the third highest ranked category 
(12.3%), directly behind the 2-4 pound category (13.5%), as seen in Table 1.   
 The comfort of the device also received passing marks.  The vest was worn throughout the entire 
day while at Tech Expo, which included many demonstrations.  The generators held firmly to the 
body and no discomfort was experienced.  Three options for placing the generators throughout the 
vest were provided in addition to having enough wire for the jogger to hold the generators in their 
hands.  When compared to the product objectives listed in Appendix D, the comfort of the jogger 
satisfies all given requirements. 
 Measuring the power generated also created a minor problem.  The multi-meter used for testing 
did not have a watt-measuring feature.  The meter could only measuring volts and amps individually.  
Multiplying the recorded volts by the recorded amps, at approximately the same jogging speed, was 
the method chosen to determine the power produced.  The meter used to measure the outputs of the 
generator can be connected to a computer where a graph records all the data.  A normal jogging pace 
was used to record the volts and amps generated.  The numbers of each graph were matched together 
and multiplied to form a power graph.  Figure 7 shows the graph of the volts produced during a span 
of twenty seconds.  Without a load, the voltage topped out at 4 volts, which was the highest the 
recorder could measure.  

Figure 7 - Voltage Generated 
 
Figure 8 shows the graph of the current generated during a span of twenty seconds.  The current 
produced reached up to 38 milliamps.  This was above the amount needed in the analysis phase.  The 
current was directly affected by the speed of the jogger.   
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Figure 8 - Current Produced 
 
Figure 9 shows the graph of the power generated by multiplying the voltage and current produced.  
The maximum power generated was 0.129 watts; this is greater than the minimum 0.075 watts listed 
in the product objective.  The graph also shows that the power produced is extremely dependant on 
the speed of the jogger.  A slower jogger will produce less power while a faster jogger will inevitably 
produce more power.  The vest was operated in a near black room as a side test.  The vest was unable 
to visually show the jogger but the strands of LEDs were extremely visible from any angle.  Pictures 
of the Jogging generator during use can be seen in Appendix J.  The pictures show that the jogger’s 
visibility to motorists was greatly improved at night, because of the illuminated LEDs. 

Figure 9 - Power Generated 
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 Throughout each of these tests, the Jogging Generator did not fail.  The vest also endured many 
instances of storage, transportation, and head on meetings with a three year old.  The design was 
extremely durable.  The device met each criteria presented in the product objective list.  A direct 
comparison of the product objectives and the proof of design can be seen in Appendix K. 
 
PROJECT MANAGEMENT 
 
PROPOSED SCHEDULE 
 The proposed schedule can be seen in Appendix L.  Proof of this design and a written agreement 
was to be done with the advisor on January 10, 2007.  The following 6 weeks was to be spent 
conceptualizing, calculating and designing the device using a CAD/CAM program.  All major 
redesign work was to cease on February 21, 2007.  The presentation to describe the design of the 
project was to be given on March 7, 2007 and the written report was to be done by March 28, 2007.  
 During the next 5 weeks the parts were to be built, assembled, and unofficially tested.  On May 
2, 2007 the design was to be tested before the advisor as proof that the design works.  The project was 
to be presented to the public at the Tech Expo on May 17, 2007 and the final report was to be turned 
in on June 6, 2007. 
 
ACTUAL SCHEDULE 
 The actual schedule varied from the proposed schedule.  The first six weeks were spent 
conceptualizing and designing an alternative use for a linear generator.  It was then determined that 
this use would not be feasible as a senior design project.  Once the jogging generator device was 
chosen as the project, the following three to four weeks were spent writing the proof of design, 
designing the parts, updating paper work for the jogging generator, and pricing the parts.  The oral 
presentation was given on March 7, 2007.  The written design report was submitted on March 16, 
2007. 
 The ordering, building, assembling, and unofficial testing of the device remained on schedule.  
The proof to the advisor that the design works occurred on May 7, 2007.  Presenting at the Tech Expo 
remained on May 17, 2007.  The written design report was submitted on June 4, 2007. 
 
INITIAL BUDGET 
 Appendix M shows the layout of the proposed budget for the jogging generator.  The housing of 
the generator had an estimated cost of $38.  The housing consisted of two (2) sets of inner and outer 
tubes with a cap on both ends.  Rubber washers at both ends of the inner tubing would allow for a 
tight fit with the outer tubing and epoxy to seal.  The wire coil was estimated to cost about $65 for a 
spool long enough to cover both coils and the two magnets used was to cost a total of $50.  
Connecting wire was to total about $15.  Other electrical hardware such as the rectifier, capacitor, and 
materials used to convert the electricity to DC current were to cost another $10.  The complete vest 
was to cost an estimated $60.  This would include the material for a belt and the vest, and the LED 
strings to be attached to the completed vest.  Each magnet would have two springs on either end.  The 
4 springs would cost about $8.  A miscellaneous padding of $100 was also allowed.  This was to pay 
for any parts that cost more than expected.  It would also pay for additions that were decided on by 
the QFD, and extra equipment needed to build and test the device.   
 
ACTUAL BUDGET 
 The main components of the actual budget differed greatly in most areas from the initial budget, 
but the total amount allotted for the budget was very close.  Table 3 shows the main differences 
between the two budgets.  There are several reasons for the discrepancy of the initial budget and the 
actual budget.  The actual cost of the frame was only $0.68 off from the proposed budget.  However, 
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this did not include the outer tube caps, which had to be purchased separately.  The conical springs 
that were chosen had the lowest spring coefficient possible.  The price per spring was much greater 
than anticipated in addition to only being sold in packs of three.  Two packs were purchased which 
explains why the actual cost of the springs was more than triple than was expected. The connecting 
wire and magnets were nearly the same as the initial price, minus the shipping and handling fees.  The 
cost of building the vest was much greater than expected because price of ordering and shipping the 
battery powered vests, which contain pre-assembled LED strands.  The miscellaneous cost included 
additional material for building the vest and tools for building and assembling the device.  Over 
spending in some areas and the under spending in the miscellaneous fund allowed for an actual cost 
of the device to be $324.94.  Compared to the initial cost estimate of $321, the total difference was 
only 1.2% off budget.  This is well within the allowable +/- 20%.  A more accurate list of parts and 
prices can be seen in the bill of materials in Appendix N. 

 
Table 3 - Budget Comparisons 
 
CONCLUSION 
 
 The linear generator used to power the Jogging Generator vest was extremely effective.  It 
allowed the project to meet or exceed each of the requirements.  The simple design was durable 
enough to survive all testing procedures as well as demonstrations at the Tech Expo.  The vest was 
entirely self-sufficient.  The generators easily produced enough power to illuminate 32 LEDs without 
the aid of batteries.  The vest provided excellent visibility in darkened conditions.  The Jogging 
Generator was also comfortable enough for a jogger to wear for extended periods of time because the 
generators remained in place. 
 There were several changes to the overall design that were implemented during the building and 
assembly stage.  These changes included the addition of an extra pair of pockets (the reasons for this 
change was discussed in the build and assembly portion of the paper), the material used for the 

Budget

Item
Estimated 

Cost Actual Cost
Frame $38 $38.68
    Inner $10 $6.30
    Outer $10 $21.00
    rubber support w asher $8 $8.28
    Epoxy $10 $3.10

Wire Coil $65 $70.66
Magnet (2) $25 $29.70
Wires $15 $4.50
Vest $60 $90.16
    LED $30 $54.16
    Vest $15 $18.00
    Belt $15 $18.00

Springs (4) $8 $26.32
Rectifier/Elec. Comp. $10 $15.60
Misc. $100 $49.32

Total $321 $324.94
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generator pockets, and adding extra LEDs. 
 The original material specified to hold the linear generators was nylon elastic material.  After 
purchasing the material it was deemed to be insufficient.  The elasticity coefficient was too large.  For 
the generators to be held in place properly, the material would have been completely stretched out.  
The material was also slippery and encouraged the generators to move around in an uncomfortable 
manner.  Leftover neoprene was determined to be more effective.  It was a stronger material that 
retained its elasticity at a higher tension.  The material gripped onto and held the generators in place.  
Another added benefit of using neoprene as the pocket material was its thickness.  The material 
provided more padding between the generator and the jogger, which increased the comfort of the 
jogger. 
 The linear generators were built to the specifications of one and half LED strips (24 LEDs).  A 
preliminary test of a generator, prior to attaching the rectifier, was performed.  A generator was 
connected to one LED strip (16 LEDs) and during very low jogging speeds the LEDs illuminated 
very brightly.  Additionally, it was learned that a single generator powered two LED strips (32 LEDs) 
easily.  It was decided to use 32 LEDs because the light would be spread out on more of the jogger’s 
body.  The vest was symmetrically illuminated.  After the rectifiers were built and assembled onto the 
generators it was determined that more energy was lost during the process than was expected.  
Fortunately enough power was still produced to operate 32 LEDs, 2.5 volts at 0.04 amps, but it was 
not as bright as when the rectifiers were not connected.  Although the rectifiers reduced the brightness 
of the LEDs, it did not reduce the effectiveness of improving a person’s visibility. 
 
RECOMMENDATIONS 
 The knowledge gained while researching, designing, building, assembling, and testing of the 
Jogging Generator has introduced many possible improvements to the device.  Some ideas for 
improvements were conceived early enough to still be implemented in the project, such as an 
additional pair of pockets and more LEDs.  Other ideas were not in the scope of the project or budget 
or were not thought of until the project was being tested.  
 The budget for the Jogging Generator was nearly $325.  This is, of course, much too expensive 
for most customers to purchase.  There are numerous recommendations that could reduce the cost of 
the vest to a much more affordable price range.  Purchasing much of the material in quantity could 
dramatically reduce the cost.  Magnet wire was the most expensive item and only about 1/3 of the 
spool was used.  The price of the magnets used reduced nearly by a half when a large enough quantity 
was purchased.  The website that sold the neoprene also offered a price reduction for quantity.  
Buying in quantity would reduce the cost of shipping per part.  A substantial part of the budget 
consisted of shipping and handling charges.  Instead of purchasing pre-made LED strands already 
used in a vest, they should be built from scratch.  This would save a lot of money, and it would also 
make it possible to customize the location of each LED and increase or decrease the number of LEDs 
on the vest.   
 Improvements on the comfort of the jogger were also considered.  Neoprene is not a very 
breathable material.  It traps the heat of the jogger causing the person much more heat discomfort 
than under normal jogging conditions.  This introduced the idea of waterproofing the LEDs on the 
vest.  This would allow the jogger to wash off dirt and sweat accumulated on the vest.  Waterproofing 
would prevent corrosion to electrical components caused by sweat.  The diameter of each generator 
could be dramatically reduced if a machine turned the magnet wires.  There would not be human error 
so the coils would be tight and compact.  The long wires, which were used to provide the jogger with 
various generator placements on the vest, could be replaced by snap on connectors.  Another possible 
innovation is to disconnect the LEDs and use the Jogging Generator as a charger for personal devices.  
This would require some type of universal adapter that the jogger could connect to power or charge 
his cell phone, mp3 player, cd player, etc.  This idea would be if the person jogged during the day, 
when illuminated LEDs are not necessary.  Removing the rectifier was also considered.  This would 
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allow the LEDs to be much brighter.  Unfortunately this would keep the power as AC and the charger 
idea could not be used.  Reducing the number of LEDs used could also improve how brightly the vest 
is lit.  Replacing the white discs that surround the LEDs with a reflective material would help amplify 
the light that is produced. 
 It is believed the Jogging Generator has great potential.  It does not use batteries and it can 
immensely improve the visibility of joggers, in addition to improving the effectiveness of the jogger’s 
workout.  It is believed that the cost of the vest could be within $50.  The Jogging Generator is 
extremely marketable and has a lot variable improvements that can please a large variety of 
customers.  It is believed that this device has potential to be patented. 



Jogging Generator Chris Stollenwerk 

19 

 
REFERENCES 
                                                      
1 Aldo Cos and Tom Schuster, “Faraday’s Electromagnetic Induction”, [Online document], Fall 
2005, [cited 2006 Oct 2], Available HTTP: http://www.csun.edu/scied/1-
demo/schuster/em_induction_demo_lab.html 
2 Kristin Roth, “5 New Ideas to Power our Future”, Popular Mechanics, [online article], October 
2005, [cited 2006 Nov 19], Available HTTP: 
http://www.popularmechanics.com/science/research/1766936.html?page=4  
3 “Forever Flashlight,” [Online Catalog], [cited 10/2/2006], Available HTTP:  
http://www.thinkgeek.com/gadgets/lights/5a9f/ 
4 Thomas Nehl, Jeri Betts, Larry Mihalko, “An Integrative Relative Velocity Sensor for Real-Time 
Damping Applications,” [Online document], IEE Transactions on Industry Applications, Vol. 32, No. 
4, July/August 2006 [cited 2006 Oct 2], Avaliable HTTP: 
http://ieeexplore.ieee.org/iel1/28/11125/00511644.pdf?arnumber=511644  
5  “Welcome to the Small & Rechargeable Battery Tour,” [Online document], 2004, [cited 2007 Feb. 
27], Available HTTP: 
http://www.hopshop.net/index.php?option=com_content&task=view&id=54&Itemid=128 
 

http://www.csun.edu/scied/1-demo/schuster/em_induction_demo_lab.html�
http://www.csun.edu/scied/1-demo/schuster/em_induction_demo_lab.html�
http://www.popularmechanics.com/science/research/1766936.html?page=4�
http://ieeexplore.ieee.org/iel1/28/11125/00511644.pdf?arnumber=511644�
http://www.hopshop.net/index.php?option=com_content&task=view&id=54&Itemid=128�


 

Appendix A1 

APPENDIX A - RESEARCH 
 
 
 
Electronic Research Documentation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Thomas Nehl, Jeri Betts, Larry Mihalko, “An Integrative Relative Velocity Sensor for 
Real-Time Damping Applications,” [Online document], IEE Transactions on Industry 
Applications, Vol. 32, No. 4, July/August 2006 [cited 2006 Oct 2], Avaliable HTTP: 
http://ieeexplore.ieee.org/iel1/28/11125/00511644.pdf?arnumber=511644  

*Real application of linear                     
generator powered by 
vibrations in road 
*Produced 2.4V 
*Sustained voltage to run 
outside instrument 

*Only several linear generators used 
*Small magnets used, length and height 
<7mm 
 
 

This article describes a product that is able to automatically adjust a 
vehicle’s shock absorbers based on various conditions.  More importantly 
the product is designed to be self-powering.  The electricity is produced by 
a linear generator based off Faraday’s Principle.  2.4V was produced by the 
linear generator.  The coil should be long enough for the magnet to stay 
away from ends of the coil in order to maximize the amount of volts 
produced for each bump.  This article also supplies the equations needed 
to find the amount of voltage induced by a moving magnet and the voltage 
induced by the velocity of each bump.  The paper also shows a rough table 
of the strength of several types of magnetic materials. 
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“Forever Flashlight,” [Online Catalog], [cited 10/2/2006], Available HTTP:  
http://www.thinkgeek.com/gadgets/lights/5a9f/  

*$24.99 - $34.99 
*Expensive 
*Single linear generator 
*30 sec. shake for 5 minutes 
of work 

The Forever Flashlight uses no batteries or bulbs. Instead it uses Faraday's Principle of 
Induction and a bright LED to produce light without batteries. The light is shaken for 
about 30 seconds to recharge a capacitor and it will then provide about 5 minutes of light. 
As the light is shaken, a magnet passes through a metal coil generating electricity. During 
prolonged use it can be shaken for 10-15 seconds every 2 or 3 minutes. The light requires 
no maintenance so it can be left in your home or car for a longtime but will still be ready 
to produce light. The bright LED will last for thousands of hours and does not burn-out 
like a typical light bulb - it should never need replacement.  
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 “Welcome to the Small & Rechargeable Battery Tour,” [Online document], 
2004, [cited 2007 Feb. 27], Available HTTP: 
http://www.hopshop.net/index.php?option=com_content&task=view&id=54
&Itemid=128 
 

*475 million batteries used in the US per 
year 
*120,100 tons are disposable batteries 
*35,000 tons are rechargeable batteries 
 
 

Toxic Chemicals that will Leak from Batteries 
*Mercury 
*Cadmium 
*Nickel 
*Zinc 
*Manganese 
*Vanadium 
*Chromium Cobalt 
 

http://www.hopshop.net/index.php?option=com_content&task=view&id=54&Itemid=128�
http://www.hopshop.net/index.php?option=com_content&task=view&id=54&Itemid=128�


 

Appendix A4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aldo Cos and Tom Schuster, “Faraday’s Electromagnetic Induction”, [Online 
document], Fall 2005, [cited 2006 Oct 2], Available HTTP: 
http://www.csun.edu/scied/1-demo/schuster/em_induction_demo_lab.html  

There are three ways to change the magnetic flux through a 
loop: 

• Change the magnetic field strength (increase, decrease) 
over the surface area 

• Change the area of the loop (increase by expanding the 
loop, decrease by shrinking the loop) 

• Change the angle between the surface defined by the 
loop and the magnetic field vector. Remember that flux 
is the integral of the dot product between B and dA. 

 This website describes the theory behind Faraday’s 
Principle. The copper coils (refered to as a loop) contain a 
changing electric charge, an object placed within the 
electric field will become charged (magnetized). When the 
rod is pushed in and out of the coils, the magnetic field 
around the coils is changed. This in turn makes the 
electrons (current) in the coil move. This can be observed 
by the alternating (+) and (-) movements on the 
galvanometer. 

http://www.csun.edu/scied/1-demo/schuster/em_induction_demo_lab.html�
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Kristin Roth, “5 New Ideas to Power our Future”, Popular Mechanics, [online article], 
October 2005, [cited 2006 Nov 19], Available HTTP: 
http://www.popularmechanics.com/science/research/1766936.html?page=4  

How it works: 

• Magnet rigidly attached to tether that is connected 100 
feet below the surface of the ocean 

• Copper coil surrounding magnet moves up and down 
with the motion of the waves inducing a current 

• Prototype is 15 feet in diameter 

Advantages: 

• Waves more predictable and 50 times more dense than wind 
• Generator 90 percent efficient, can produce 100 kilowatts of 

power 
• Farms could produce enough power to run cities 

Disadvantages: 

• Farms are relatively large and could disrupt marine wildlife 
and jobs 

  

http://www.popularmechanics.com/science/research/1766936.html?page=4�
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APPENDIX B - SURVEY AND RESULTS 
Generated Power for People Who Jog 

Customer Survey 
With more people tending toward a throw-away-society, the use of disposable batteries has increased.  Unfortunately, every 
type of battery contains some kind of material that will in time leak and contaminate the ground around it.  By harnessing 
the up and down movements of a jogger, it is possible to produce enough power to operate a lighted vest without the use of 
batteries.  Please take a few minutes, as a potential consumer, to complete this survey  so that this device will operate and 
produce the best desired effects possible. 

 
Please rank the following in order of importance to you: 
(3 = Most Important, 1 = Least Important) 
 
_____Added Weight 
_____Placement of Weight 
_____Cost 
 
Added Weight 
Please rank the following quantity of weights that would help with your endurance and health while 
jogging: 
(3 = Most Important, 1 = Least Important) 
 
_____0-2 lbs 
_____2-4 lbs 
_____4-6 lbs 
 
Placement of Weight 
Please rank the following placement of the added weights in order of your comfort: 
(5 = Most Important, 1 = Least Important) 
 
_____On the front, belt height 
_____On the back, belt height 
_____On the side, belt height 
_____On the front, chest height 
_____On the back, chest height 
 
Cost 
Please rank the in order of importance to you: 
(3 = Most Important, 1 = Least Important) 
 
_____Low Initial Cost 
_____Quick Payback Period 
_____Low Servicing Cost 
 
 
Comments:________________________________________________________________________
__________________________________________(use back if necessary) 
 
Thank you; your input is greatly appreciated.  Please return this survey to the place/person from 
which you received it. 
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Number of Surveys [29] 

Generated Power for People Who Jog 
Customer Survey 

With more people tending toward a throw-away-society, the use of disposable batteries has increased.  Unfortunately, every 
type of battery contains some kind of material that will in time leak and contaminate the ground around it.  By harnessing 
the up and down movements of a jogger, it is possible to produce enough power to operate a lighted vest without the use of 
batteries.  Please take a few minutes, as a potential consumer, to complete this survey  so that this device will operate and 
produce the best desired effects possible. 

 
Please rank the following in order of importance to you: 
(3 = Most Important, 1 = Least Important) 
 
_2.48_Added Weight [1:6; 2:13; 3:10] 
_1.96_Placement of Weight [1:16; 2:5; 3:8] 
_2.52_Cost [1:7; 2:10; 3:12] 
 
Added Weight 
Please rank the following quantity of weights that would help with your endurance and health while 
jogging: 
(3 = Most Important, 1 = Least Important) 
 
_1.92_0-2 lbs [1:17; 2:5; 3:7] 
_2.64_2-4 lbs [1:1; 2:18: 3:10] 
_2.40_4-6 lbs [1:11; 2:5; 3:13] 
 
Placement of Weight 
Please rank the following placement of the added weights in order of your comfort: 
(5 = Most Important, 1 = Least Important) 
 
_3.28_On the front, belt height [1:5; 2:8; 3:7; 4:5; 5:4] 
_3.72_On the back, belt height [1:5; 2:3; 3:8; 4:7; 5:6] 
_3.32_On the side, belt height [1:8; 2:3; 3:8; 4:5; 5:5] 
_3.36_On the front, chest height [1:4; 2:10; 3:6; 4:3; 5:6] 
_3.72_On the back, chest height [1:7; 2:5; 3:0; 4:9; 5:8] 
 
Cost 
Please rank the in order of importance to you: 
(3 = Most Important, 1 = Least Important) 
 
_2.72_Low Initial Cost [1:7; 2:5; 3:17] 
_2.20_Quick Payback Period [1:10; 2:12; 3:7] 
_2.04_Low Servicing Cost [1:12; 2:12; 3:5] 
 
Comments:________________________________________________________________________
__________________________________________(use back if necessary) 
 
Thank you; your input is greatly appreciated.  Please return this survey to the place/person from 
which you received it. 
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 ANALYSIS OF SURVEY RESULTS WHEN SURVEY HAS SUB DIVISIONS

Placement 
of Weight

Added 
Weight Cost

1.690 2.138 2.172
28.2% 35.6% 36.2%

Front, 
Belt 

Height
Back, Belt 

Height
Side, Belt 

Height
Front, Chest 

Height
Back, Chest 

Height 0-2 Lbs 2-4 Lbs 4-6 Lbs
Low Initial 

Cost

Quick 
Payback 
Period

Low 
Servicing 

Cost
2.828 3.207 2.897 3.207 2.862 15 1.655 2.276 2.069 6 2.345 1.897 1.759 6.000
18.9% 21.4% 19.3% 21.4% 19.1% 27.6% 37.9% 34.5% 39.1% 31.6% 29.3%

5.3% 6.0% 5.4% 6.0% 5.4% 9.8% 13.5% 12.3% 14.1% 11.4% 10.6%  
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APPENDIX C - QFD 
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Cost
1. Low Initial Cost 9 3 14.1 1.28 18.048 0.15
2. Quick Payback Period 3 1 9 11.4 1.23 14.022 0.12
3. Low Servicing Cost 9 1 10.6 1.21 12.826 0.11
Added Weight
4. 0-2 Lbs 9 1 9.8 1.2 11.76 0.10
5. 2-4 Lbs 3 3 3 3 3 13.5 1.27 17.145 0.14
6. 4-6 Lbs 9 9 9 3 12.3 1.25 15.375 0.13
Placement of Weight
7. Front, Belt Height 9 9 5.3 1.1 5.83 0.05
8.Back, Belt Height 9 9 6 1.12 6.72 0.06
9.Side, Belt Height 9 9 5.4 1.1 5.94 0.05
10. Front, Chest Heigt 9 9 6 1.12 6.72 0.06
11. Back, Chest Height 9 9 5.4 1.1 5.94 0.05

Absolute Importance 3.0 2.5 0.7 2.63 1.68 0.44 0.50 0.44 0.50 0.44 3.14 120.33 1.00

Relative importance 0.19 0.16 0.04 0.16 0.10 0.03 0.03 0.03 0.03 0.03 0.20

15.99
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APPENDIX D – PRODUCT OBJECTIVES 
 

Jogger Comfort Multiple Generator Pockets The prototype will have two sets of 
generator pockets located in the two most 
favorable positions, back at belt height, 
and front at chest height.  These will give 
the jogger an option as to which is most 
comfortable for him.  Each pocket will 
maintain a snug fit and no movement 
during normal jogging conditions. 

Quiet during 
operation 

Sealed The prototype will be in a completely 
sealed shell with insulating material that 
well keep the noise below 35 dB. 

Durability Material The prototype will need to be durable.  
Using strong material including, possibly, 
rubber fittings to prevent vibrational 
damage, will do this.  The prototype will 
maintain its functionality and shape after 
testing. 

Light weight Material The prototype will be built with 
lightweight material that will still maintain 
strength and durability.  Fewer parts will 
also be utilized.  The prototype will be 
kept between 2-4 lbs. 

Efficiency Volts The prototype will replace batteries while 
jogging and improve the environment.  
Generating at least 4 volts at 0.075 Watts.  
Using stronger magnets and increasing the 
number of coils will accomplish this. 
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APPENDIX E - FORMULAS 
 
 
Formula for calculating the voltage 
 
 
V=β0*ω*sin(ω*t)*A*N 
 
 Variables 
 β0= Strength of magnetic field 
 ω= Frequency of jogger 
 t= Time 
 A= Area of coil tube = πr2 
 N= Number of turns of wire 
 
Formula for calculating total resistance in system 
 
 
Rtotal= Rwire + RLED 
 
RLED= V/I 
 
Formula for calculating current produced by the generator 
 
I=V/R 
 
Formula for estimating length of wire in a coil 
 
L= π*Davg
       

*N  
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APPENDIX F - CALCULATIONS/TESTS 
 
Formula for calculating the voltage 
*maximum voltage occurs when sin(ω*t) = 1 
 
V=β0*ω*sin(ω*t)*A*N 
 
 Variables 
 β0= 1.32 T 
 ω= 2 hz 
 A= 5.0645 * 10-4 m2 
 N= 3,000 turns 
V= 4 volts 
 
Formula for calculating total resistance in system 
 
RLED= 2.5 V/ 0.03A = 83Ω 
 
*resistance of wire based off AWG chart of 25Ω/1000ft 
OD is assumed to be 2.45 inches in diameter 
Davg = (OD +ID)/2 = (2.45in+1.014in)/2 = 1.732in 
N=3,000 turns 
L= π*Davg*N = 3.14*1.757*3,000 = 1360 ft 
Factor of 20% was included to allow for manufacturing and other errors 
L=1630 ft 
 
Rwire= 25Ω/1000ft * 1.63 = 41 Ω 
 
Rtotal

 

= 41 Ω + 83 Ω = 124 Ω 
 
Formula for calculating current produced by the generator 
 
I=V/R = 4volts/124Ω = 0.032 amps 
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Drop Test Stress Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Drop Test Strain Analysis 
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Drop Test Deformation Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vertical Axial Force Test Stress Analysis 
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Vertical Axial Force Test Strain Analysis 
 

 
 
 
 
 

Vertical Axial Force Test Deformation Analysis 
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APPENDIX G – ASSEMBLY DRAWING 
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APPENDIX H – SELECTED COMPONENTS 

 
 Thin Walled Tubing     23 Gauge Magnet Wire 

 
 
 
Conical Spring        Rare Earth Magnet 
 

Rubber Washer Fitting   
                    Completed Rectifier 
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       Sheets of Neoprene       Elastic Pouch Material 
 
 
 

 
 
 

LED Strand 
 

Rectifier Schematic 
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APPENDIX I – FABRICATION AND ASSEMBLY 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rectifier 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rectifier in Generator
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Sewn Vest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Generator Pocket 
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Attached LEDs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sewn Back of LED Strands 
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APPENDIX J – BUDGET 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Operating Jogging Generator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Illuminated LEDs 
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APPENDIX K – PROOF OF DESIGN 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Project Objectives Proof of Design

Less than 4 lbs
4.7 lbs; Still acceptable  by the 
customer

Durable
Yes, Continues to operate 
after tests

Mounting Options

Yes, Additional options 
include hand held and side 
belt height

Noise Less than 35 dB
N/A, Unable to obtain 
controlled environment

Produce 0.075 Watts at 2.5 Volts
Yes, Produced up to 0.129 
Watts at 4+ Volts

Jogger Comfort Yes
Improved Night Visibility Yes  
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APPENDIX L – SCHEDULE 

Chris Stollenw erk    Advisor: KC
Spring 
Break

Dates 1/1
-1

/7

1/8
-1

/14

1/1
5-

1/2
1

1/2
2-

1/2
8

1/2
9-

2/4
2/5

-2
/11

2/1
2-

2/1
8

2/1
9-

2/2
5

2/2
6-

3/4

3/5
-3

/11

3/1
2-

3/1
8

3/1
9-

3/2
5

3/2
6-

4/1

4/2
-4

/8
4/9

-4
/15

4/1
6-

4/2
2

4/2
3-

4/2
9

4/3
0-

5/6

5/7
-5

/13

5/1
4-

5/2
0

5/2
1-

5/2
7

5/2
8-

6/3

6/4
-6

/10

Tasks
Proof of Design Agreement 10-Jan
Concepts and Selection
Plan for Quarter
Electrical Calculations
Mechanical/Material Calculations
Research Material
Design Generator and Housing
Order Parts
Design Freeze 21-Feb
Cleaning and Assembling Design
Prepare for Oral
Oral Design Presentations(7 min) 7-Mar
Write Design Report
Design Report 28-Mar
Build Electrical Components
Build Magnet Tube, Coils, Housing
Build Vest
Assemble, Add Safety Features 
etc and Attach Components
Test Design
Proof of Design 2-May
Fix any Issues/ Retest if  needed
Prepare for Expo/Final Corrections
Tech Expo (May 17) 17-May
Prepare for Oral Presentation
Oral Presentation (12 min) 6-Jun
Write Final Project Report
Project Report 6-Jun

Winter Quarter Spring Quarter

Note:
Meeting with 
advisor will be on 
the Friday of each 
week.
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APPENDIX M – BUDGET 
 

 

 
 
 
 
 
 
 
 

 

  

 

Budget
Item Cost
Frame $38
Inner $10
Outer $10
rubber support washer $8
Epoxy $10

Wire Coil $65
Magnet (2) $25
Wires $15
Vest $60
LED $30
Vest $15
Belt $15

Springs (4) $8
Rectifier/Elec. Comp. $10
Misc. $100

Total $321
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APPENDIX N – BILL OF MATERIALS  
 
 

 
 

Part Cost Quantity Total Supplier
Inner Tube $3.15 2 $6.30 Home Depot
Outer Tube $10.50 2 $21.00 MSCdirect.com
Cap $4.21 4 $16.84 DXengineering.com
Rubber support washer $2.07 4 $8.28 mcmaster.com
Rare Earth Magnet $14.85 2 $29.70 kjmagnetics.com
Conical Spring $6.58 4 $26.32 mcmaster.com
Diodes $0.93 8 $7.44 Circuit Specialists
Capacitor $2.83 2 $5.66 goldmine-elec-products.com
Circuit Board $1.25 2 $2.50 Radioshack
22 GA Wire $4.50 1 $4.50 Radioshack
9lb 23Ga Magnet Wire $70.66 1 $70.66 goldmine-elec-products.com
LED Strips $27.08 2 $54.16 Ledtronics.com
Neoprene 12"x51" $18.00 2 $36.00 Foamorder.com
Elastic Pouch $3.49 1 $3.49 Hobby Lobby
Velcro $3.99 1 $3.99 Hobby Lobby
Silicon $3.10 1 $3.10 Home Depot
Misc.
Super glue $2.05 1 $2.05 Home Depot
Thread $1.90 1 $1.90 Hobby Lobby
Wire Stripper $21.05 1 $21.05 DXengineering.com
Total $324.94

Bill of Materials

Estimated Project Budget - $321
Actual Project Budget - $324.95
Percent Difference - %1.2
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