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Abstract

Tire Pressure Monitoring Systems (TPMS) enhance automobile safety by keeping drivers
informed of their tire pressure. A problem with the pressure sensors is their reliance on battery-power;
batteries eventually wear out. The goal of Batteries Not Included is to design and build an alternative
energy source that provides reliable, longer-lasting power to the sensors. Magnetic induction is the
proposed solution to the problem of powering the sensors. This design essentially converts the kinetic
energy of the rotating wheels to electric energy by passing a coil through a magnetic field; relative motion
of a coil in relation to a magnet produces current in the coil which can power the pressure sensors.
Calculations show that the design is feasible. Alternative design solutions were considered; however, this
study reveals that magnetic induction is the most practical and cost-effective choice.



1. Introduction

Tire Pressure Monitoring Systems are becoming more and more popular on vehicles each year.
They are an important safety feature that helps to prevent accidents caused by blown tires. A TPMS
offers real-time monitoring of tire pressure so that the driver can be notified if a slow leak has occurred.
Figure 1 shows a typical TPMS [2]. Current systems use wireless sensors located inside the tires to send
pressure readings to a receiver; the reading is then displayed to the driver. A downside with these sensors
is their limited battery life and consequent necessary battery/sensor replacement work. Battery or sensor
replacement is either a hassle for the user to carry out or an expense that the user must pay in order to
further use the TPMS. The goal of this project is to develop an alternative energy source for pressure
sensors that will last longer than conventional batteries. Thus, the proposed power system should
significantly extend the working life of pressure sensors, perhaps to second and even third owners of
vehicles. The proposed design should also alleviate the burden of system maintenance by eliminating the
need for battery replacement.
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Figure 1. A Typical Tire Pressure Monitoring System [1]



2. Project Goal

The goal of this project is to eliminate the need for batteries on TPMS sensors. An alternative
energy source for pressure sensors that will last longer than conventional batteries is desired. Thus, the
proposed power system should significantly extend the working life of pressure sensors. The new design
should also alleviate the burden of system maintenance by eliminating the need for battery replacement.

The challenge in this project is to design a method to generate, use, and store enough electric
power to enable the tire pressure sensor to operate continuously. Once the power system has been created,
it needs to be attached to the rim inside the tire and field tested. Challenges also lie in the mechanical
setup of the power system as the proposed design should not interfere with any other existing vehicle
systems. The complete product could be used in a variety of tire applications in the commercial
automotive market. Figure 2 shows a typical setup of the tire pressure sensor [4].

Figure 2. A TPMS Sensor [2]



3. Project Objectives

The objectives for this project are threefold. First, our main goal is to attain battery-free tire
pressure sensor operation. This will hopefully extend the working life of pressure sensors significantly.
Complementing the goal of battery-free sensor operation is the need for an innovative mounting solution
to hold the proposed power system. The mounting implementation must be both robust and easy to
replace. Finally, the power system along with its mounting apparatus must be priced competitively. A
tire pressure monitoring system incorporating the proposed power system must not be significantly more
expensive than current models. An explanation of design functionality and design requirements will more
fully articulate our project objectives.

3.1 Design Functionality

The proposed power system’s functionality must be specified. Sensors using the alternative
power system must run as they are intended to when using battery power. Mounting will have great
influence on the strength and rigidity of the system.

3.1.1 Increased Operating Life of Sensors

Regardless of the solution design chosen, the main purpose of the project is to increase the
operating life of a tire pressure monitoring system. The working lifetime of the sensors should be
extended by the realization of a new power generation system. An extended working lifetime of the tire
pressure monitoring system should allow both original and successive vehicle owners to benefit from this
safety feature.

3.1.2 Continuous Sensor Operation

The proposed design must implement continuous sensor operation; continuous operation includes
the initial start of the vehicle. A driver should be able to know his or her tire pressure before they leave
the house. Ideally, design solutions will use energy generated from the motion of the automobile (energy
that is normally wasted) to power tire pressure sensors. Regardless of the solution design chosen, the
system will require some type of external power storage which will allow the sensors to give an initial
reading before the vehicle has moved.

3.1.3 Alternative Energy Operation

The final design must include an alternative energy source for sensor operation. The idea of a
rechargeable battery is in consideration, but this design would still require an external energy source for
battery charging. The power source chosen will ideally use kinetic energy associated with a moving
vehicle to power the sensors, eliminating the need for a battery. The power source must be able to
operate the sensor continuously. Any option chosen to power the sensor must provide for an increase in
the system’s working lifetime.

3.1.4 Innovative Mounting Technique

The design must provide a strong, robust solution for mounting the new power system. In
addition, the power system must be easy to replace in the event that it is damaged. Furthermore, inherent
pitfalls seen in current sensor designs must be avoided. For example, current sensors mounted in the
valve stem are often broken when tires are being replaced. The valve stems are cracked to release
pressure from the tire, which in turn damages the sensors and requires them to be replaced. The new
design must include a mounting solution that allows tires to be serviced and replaced without damaging
the sensors.



3.2. Design Requirements

In addition to meeting the specified design functionality criteria, successful completion of this
project requires the implementation of certain requirements inherent to designing a battery-free tire
pressure sensor. Market factors such as pricing, consumer need, and vehicle system interference must be
considered. Federal laws must also be considered and obeyed.

3.2.1 Competitive Industry Pricing

Mass-production of the proposed design must be economically feasible. The increased safety
benefits of a battery-free tire pressure sensor will only be realized in the market if the product can be
produced at a cost low enough to make it economically viable for production companies. The aspect of
price is extremely important to consumers and, in turn, automotive suppliers; this will be a large focus of
the design.

3.2.2 Design Serviceability

Due to the fact that serviceability is a major issue with existing systems, this will be a large focus
of the design work. The final design must be robust, but it must also be easily replaceable if damaged.
The design must function in such a way that damage to the system components is not an issue during
vehicle services such as tire replacement.

3.2.3 Vehicle Systems Effects

The final design can in no way impede vehicle performance. Research must be done to insure
that introducing the new power generation design to the vehicle will not affect performance of anti-lock
braking systems (ABS), normal braking systems, wheel rotation, or other important vehicle operations.
Effects on the vehicle will be different for each design, so this will be a factor that helps narrow down the
design alternatives to a final option.

3.2.4 Transmission Signal Considerations

Due to the fact that the sensors transmit wireless signals, they are regulated by the Federal
Communications Commission (FCC). Changes in sensor design can in no way affect the sensors’
compliance with FCC regulations. Signal integrity is also important for the functionality of the tire
pressure monitoring system. A power generation system creating any adverse effects on a sensor’s
transmission of data to the driver’s display inside the vehicle is not desirable.



4. Alternative Solution Designs

After several brainstorming sessions, the design team considered possible alternative solution
designs. The proposed solutions below represent the most reasonable ideas generated by brainstorming
sessions. All alternatives generate power for the tire pressure sensors by converting energy produced by
normal automobile operation to electric power. The following power generation ideas will be expounded
upon in this section: magnetic induction, piezoelectric power generation, thermal energy recovery, wind
power generation, and pressure-induced power generation.

4.1 Magnetic Induction

The kinetic energy of the rotating wheel can be converted to electrical energy. Electromagnetic
induction could be used for this energy conversion. If a magnetic field is moved in close proximity to a
coil, a current is induced in that coil. Motion of an automobile wheel could be used to induce a current
that could potentially power a pressure sensor.

The electrical aspect of this design is obvious; enough electric power must be generated in order
for a tire pressure sensor to function normally. The mechanical aspect of this solution is mounting the
power generation system. There is a significant challenge in the mounting of both the magnet and the coil.
Our initial solution would be to mount the magnet on top of the caliper, which is stationary in relation to
the spinning wheel. A coil would be mounted on the inside of the rim parallel with the magnet so that as
the wheel spins, the coil passes by the magnet and induces a current. Leads off the coil would pass
through the wall of the rim and connect to the sensor inside. (see Figure 3 below)
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Figure 3. Magnetic Induction Design Solution

4.2 Piezoelectric Application

Another option for the conversion of kinetic energy is the conversion of wheel vibration and
rotational energy to electricity. A piezoelectric device could be mounted in the suspension system or
wheel of the vehicle. Piezoelectric devices produce electric energy when they are mechanically stressed.
Using this technology, road vibration and wheel rotation could be used to power the pressure sensor.

For the piezoelectric option, the challenge in mounting would be to find a way to place the whole
sensor inside the tire and retain proper wheel balance. Due to the nature of the energy conversion, there
would be no need for wires to pass through the wall of the rim. Instead, the piezoelectric device would be
mounted inside the rim, presumably mounted opposite the sensor so that the wheel could be more easily
balanced. This power system would be able to take advantage of vibration of the wheel, the rotation of
the wheel, and/or the air pressure inside the tire to produce electric power. (see Figure 4 on the next page)



Sensor

Figure 4. Piezoelectric Power Generation

4.3 Thermal Energy Recovery

Another option considered is that of converting heat energy associated with braking activity to
electric energy. Thermocouples are a proposed means of accomplishing this energy conversion. A
thermocouple is a pair of dissimilar metals joined together which produces a voltage when the two sides
of the metal junction are exposed to different temperatures. Brake pads and rotors are hot under normal
driving conditions. If one side of the thermocouple could be mounted inside or next to the brake pad, and
the other side of the thermocouple could be mounted in an ambient temperature environment, perhaps
enough electric energy could be produced to power the tire pressure sensor. An auxiliary system would
be desirable for use when the brakes are not hot.

The mounting for the thermocouple approach would require that a wire be run through the wall of
the rim. The idea behind this approach would be to mount the joint end of the thermocouple to the rotor
or brake pad. The thermocouple would be run down the rotor to a contact that would join to a similar
contact on the inside of the wheel. The thermocouple voltage signal will travel up a lead to a point below
the sensor. A hole could be drilled through the rim, and the power signal of the thermocouple could be
applied to the sensor. (see Figure 5 below)
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Figure 5. Thermal Energy Recovery Power System



4.4 Wind Power Conversion

Wind power generation was proposed as a solution to the problem. Brakes are often cooled by
directing air from the front fascia to the brakes via air ducts. “Wind” is created in the ducts by the relative
motion of the vehicle in with respect to the air around it. A small turbine could be placed in a brake duct.
As the wind spins the turbine, the rotational energy of the turbine could be used to power a small electric
generator. This generator could potentially power a pressure sensor and charge an auxiliary power
storage element. Auxiliary power will be necessary as the turbine will not rotate when the automobile is
stopped.

Mounting the wind power system would be product specific. Applications would be limited to
vehicles with openings in the front fascia large enough to accommodate the fan-generator unit housed in
an air duct. Transmitting the power to a rotating object, such as an automobile wheel where the tire
pressure sensor resides, requires some application of motor brushes. This could be done via caliper —
rotor interaction. (see Figure 6 below)

Generator

Figure 6. Wind Power Generation System

4.5 Pressure Induced Power

Another option was found in the Engineering Index research database: the abstract for a journal
article mentioned a way to change a physical pressure signal directly to electric power. Not many of the
details on this option are known as the Hekman Library did not have the article; it had to be ordered
through inter-library loan. A guess is that this device could be a form of sensitive piezoelectric
technology. When pressure is exerted on the device, a proportional voltage is produced.

The mounting solution for this approach would largely depend on the size of the device itself. If
the device is very large, additional calculations would be needed to assess the forces caused by the
rotation of the wheel during normal use.

4.6 Extended Battery Life

Should the aforementioned solutions prove unfeasible, a method to drastically increase battery
life will be implemented. Power generation methods explained above could be used to charge a sensor’s
rechargeable battery.



5. Feasibility Study

The alternative solutions presented above were researched in order to gage the viability of each.
Component cost and power generation capability were the most important factors in deciding whether or
not a design was feasible. Design complexity was another factor considered.

5.1 Magnetic Induction

Research into the feasibility of the power induction solution proved to be fruitful. Wire used for
the coil is assumed to be less than $10. Also, powerful magnets can be attained online for relatively low
cost. About 10in.? of magnetic material can be bought for $15.30 [1] (see Appendix 2). Thus, it seems
that this option is economically feasible. The magnetic material has a rating of N40, which corresponds to
a magnetic field strength of 12,600 — 12,900 Gauss. Preliminary power generation calculations indicate
that this option does give adequate power generation. See Appendix 1.a for preliminary calculations and
magnet specifications.

5.2 Piezoelectric Application

Research into piezoelectric devices has shown that this option is not economically feasible.
Piezoelectric devices online range in price from $200 to $1000. This price is unacceptable for production
purposes because one of the reasons for this project is to make a tire pressure monitoring system and the
maintenance associated with it more economically accessible to the public. Furthermore, a $300 power
generation system is too expensive considering that the tire pressure monitoring system itself costs only
about $200. Consumers probably will not want to pay twice the price of a normal TPMS for a longer-
lasting one. Finally, a piezoelectric device is economically unacceptable for this project because just
about the entire allotted budget would have to be spent on a piezoelectric device. See Appendix 2 for
sample piezoelectric device pricing.

5.3 Thermal Energy Recovery

There are different types of thermocouples that could be used to implement the proposed thermal
energy recovery design. However, the type of thermocouple found to generate the most power only
produces about 75mV. This does not meet average voltage requirements for tire pressure sensors, which
is about 3V. See Appendix 3 for thermocouple specifications.

5.4 Wind Power Conversion

Turbines small enough to fit inside of a brake duct could not be found online. The smallest
turbine found was the size of a small refrigerator. In addition to this setback, this option makes the power
system design more complicated than necessary. A turbine would turn a generator, which would produce
electricity. Essentially, this option transforms kinetic energy to electric energy using induction via a
magnet and coil. This is basically the same idea as the magnetic induction alternative; however, this
option is far more complicated. Furthermore, the connection between the generator and the sensor would
be complex since electric power from the stationary generator would need to be taken to the rotating
sensor. Research and thought has given rise to the conclusion that the wind power generation design only
adds potential problems and complexity.

5.5 Pressure Induced Power
This article has not yet been received. This alternative solution is currently suspended indefinitely.



6. Preliminary Design

Based on comparison of the feasibility information compiled above, the magnetic induction
design is going to be pursued as the solution to the problem of battery-powered tire pressure sensors.
This option gives the best balance of performance, cost, and serviceability issues. The team also
consulted with Professor Platt at the Calvin Physics Department, and he confirmed that the induction
method is indeed feasible. The related power feasibility calculation is attached in Appendix 1.a.
Although Professor Platt thinks that this design is feasible, he also thinks that getting this design right will
require much testing. Correct placement of the magnet in relation to the coil will be essential for the
proper function of the final design. Therefore, various placements of the coil and magnet should be tested
extensively to ensure correct operation of the power system. Testing will be more extensively explained
in the next section. The magnetic induction design is shown below.

Magnet --ﬂ‘““-\]! ™

LN\ | Coil

Figure 7. Magnetic Induction Design Solution



7. Test Method

The nature of our project mandates that a large part of the design process be dedicated to testing.
As noted previously, Professor Platt believes that extensive testing will be necessary in order to determine
proper placement of the magnet in relation to the coil. When a base test succeeds in providing an
adequate voltage level to power a sensor, testing will proceed to include various market applications.

Variation in the application for tire pressure monitoring systems is quite significant. Systems
could be applied to a wide range of vehicles with tires including the following: semi-trucks, light trucks,
cars, motorcycles, and trailers. This range of applicable vehicles has a wide variety of wheel sizes and
brake setups. Extensive testing of the new system will prove that the magnetic induction idea is practical,
robust, and easily adaptable to a variety of vehicles.

The two major factors described above that warrant extensive testing mandate a versatile testing
apparatus. Initial testing will focus on the functionality of the system. Once required functionality is
attained, subsequent testing will proceed to account for variations in vehicle application.

Test
Platform

Motor

Figure 8. Test Apparatus
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7.1 Test Apparatus Construction

The proposed test apparatus will allow variation of the position of the coil by using an adjustable
platform shown in Figure 9 below. The coil will be attached to the adjustable platform, and a magnet will
be affixed to the inside of a rim.

Coil Platform

Figure 9. Adjustable Test Platform

A motor is an integral part of the test apparatus. Due to the wide variety of vehicle applications,
it is necessary to test the magnetic induction design at various wheel speeds. The motor obtained for
testing is a 1/8 horsepower electric motor with variable speed. The variable speed motor runs over a
range from 0 to 1750 rotations per minute (RPM). For a 25.6 inch diameter tire, this variable motor speed
is analogous to vehicle speeds of 0 to 135 miles per hour. A plot of the conversion from RPMs to MPH is
shown below. Complete motor specifications can be found at the end of this section.
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Figure 10. Speed vs. RPM Relationship

The final part of the test apparatus is the wheel attachment. Having procured three different rims
for testing purposes, individual hubs will be built for each rim. The hubs will be attached directly to the
motor using a long shaft, a coupling joint, and a support bearing. The joint will be secured to the shaft
and the hubs using woodruff keys and set screws. This will allow testing of all the rims using the same
apparatus. The hubs will be CNC machined steel disks with wheel studs installed to match the bolt
patterns of the test rims.

11



7.2 Test Procedure

A large number of variables mandates an accurate and easily repeatable testing procedure. A list of
test parameters was compiled. These parameters were broken down into three main categories: coil
parameters, magnetic parameters, and rim size.

There are five major coil parameters. First, the coil diameter will be varied. Coil diameter refers
to the diameter of the windings of the coil. A larger diameter corresponds to more flux passing through
the coil, but it also requires more space inside the rim. The second parameter to vary is the number of
turns in the coil. Again, more turns in the coil correlates to more magnetic flux and consequently more
current. The relationship between magnetic field strength and the number of turns in the coil is shown in
Appendix 1.b. A consideration must also be made for wire thickness. It is unsure as to how wire
thickness affects the current generated in the coil. However, thickness of the wire will have direct
influence on the overall size of the coil. Another consideration concerning the coil is what type of
protective coating to use. There are a variety of options including the use of a coated wire, a corrosion
resistant wire, or an epoxy resin potted coil. It is unsure as to how differences in wire coating will affect
the induction of the coil; however, these alternatives will be tested. Finally, one of the largest difficulties
concerning the coil will be the connection between the coil and the sensor. Different connection methods
will be tested for their strength, durability, and functionality.

Magnet parameters will also be varied during testing. Mounting location will be a large issue.
The distance between the magnet and coil is an obvious testing point. The size, strength, and shape of the
magnet will also affect performance and must be taken into consideration. The use of multiple magnets to
increase field strength is something that has been considered, but Calvin College Physics professors have
stated that magnetic fields do not combine proportionally. This adds another dimension of complexity to
the testing as multiple magnets do not give predictable fields. As with the coil, a protective coating or
mounting solution for magnets must also be researched and tested when system testing begins.

The rim options will be tested by using a few sample rims as discussed earlier. Currently, testing
will be done on three different rims; the exact specifications for the rims are shown in the table below.

Make and Model Rim Size Bolt Pattern Lug Size
Mazda RX-7 15 x 5inch 4x114.3 mm 12 x1.5mm
Mitsubishi Lancer 15 x 6 inch 4 x4.5inch 12 x1.5mm
Pontiac Firebird 16 x 8 inch 5x4.75 inch 12 x1.5mm

Finally, all previously mentioned test parameters will be examined using the entire motor
speed range. Variable speed motor specifications for the test apparatus are shown below.

Model Power Voltage Current Misc.
Century Motors 1750 RPM
DN EMI 9-208222-01 DC Motor 1/8 Hp 115 Volt 1.12 Amp Max
Boston Gear R12 DC Control Box 1/8 Hp 115 Volt | 20 Amp Max

12



8. Christian Perspective

A moral perspective is important in any undertaking in life, including technological design.
Christian engineers in particular have an obligation to consider the ethical implications of their ideas and
products. The design norms presented in lecture give a guide to conscious decision-making with respect
to engineering design. Several design norms are apparent in the implementation of this particular project:
stewardship, caring, and cultural appropriateness.

First, stewardship could be defined as properly managing the resources one is given. Design of a
battery-free device displays this idea of stewardship through consciously trying to conserve natural
resources. By designing an alternative power generation system for tire pressure sensors, the need for
batteries will hopefully be eliminated, thereby reducing the amount of waste to landfills. Secondly, the
project saves energy. The magnetic induction design essentially transforms energy from one form to
another. The induction method increases energy efficiency associated with a moving automobile by
converting kinetic energy that would normally be wasted into electric energy.

The design norm of cultural appropriateness is also evident in the new design. The pressure
sensor power system could be applied to any automobile because all automobiles use pressurized tires.
Most families in the United States have at least one automobile, and many have multiple vehicles. The
proposed technology could easily be used by millions of American drivers if it were implemented by
automotive manufacturers.

Finally, the proposed design also addresses the design norm of caring. People that cannot afford
to replace their TPMS would be at a disadvantage with a conventional system. By prolonging the
working life of tire pressure sensors, the new pressure sensor power system increases the safety of
automobiles. In extreme cases, knowledge of tire pressure could prevent a blowout and save lives.
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9. Cost Estimates

Project Expenses:

Sensors/Sensor System $250
Batteries $20
Test Apparatus: $50
Steel (buy)
Electric motor (borrow)
Wheels (have)
Bearing (buy)
Wheels studs (buy)
Misc. hardware (buy)
Magnets $35
Coils/Wires $20
Contingency expenses $125
Total Cost: $500

R&D
Costs
Labor $20/hr
Total Hrs (24hrs/week) 720
Total Cost $14,400
Professor Time $30/hr
60 hrs $1,800
Industrial consultant time $40/hr
JCI 10 hrs $400
Subtotal: Labor Cost $16,600
Materials
Sensors/Sensor System $250
Batteries $20
Test Apparatus: $650
Steel $100
Electric motor $200
Wheels $200
Bearing $50
Wheels studs $50
Misc. hardware $50
Magnets $35
Coils/Wires $20
Subtotal: Material Cost $1,625
Material Cost: $2,125
Labor Cost: $16,600
Project Contingency $500
Total Cost: $19,225
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Appendix 1.a: Preliminary Calculations and Magnet Specifications
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Appendix 1.b: Preliminary Correlations
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Appendix 2: Magnet Pricing [1]

DOE3A-AL ~ 18" Dia x 116" Thick NdFeB Disc Magnet,
au plated,

(1 Itern = 100 magnets)

Price US$1z.00

DOG3R ~ 14" Dia x 1/16" Thick NdFeB Disc Magnet, Mi-
Zu-Mi plated.

(1 Itermn = 50 maagnets)

Price US$7.00

DO63C ~ 378" Dia x 1/16" Thick NdFeB Disc Magnet, Mi-
Cu-Ni plated,

(1 Itermn = 50 maagnets)

Price US4$10.00

DO&30 ~ 1/2" Dia x 1/16" Thick NdFeB Disc Magnet, Mi-
Zu-MNi plated,

(1 Itemn = 50 magnets)

Price US4$15.30

Do9ds ~ 1/8" Dia x 3/32" Thick NdFeB Disc Magnet, Mi-
Cu-Ni plated,

(1 Itern = 80 magnets)

Price US$G.40
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Appendix 3: Piezoelectric Specifications [8]

Part Number } Description Price |

10,000 p=i range, .5 m s, acceleration compensated, 217 diameter $375.00

.y Press-I1CP-2300WE disphragm ...more Add to Cart
5000 psi range, 1 my s, acceleration compenssted, 217 diameter $375.00

.y Press-I1CP-2300WS disphragm ...more Add to Cart
1000 psi range, 5 my s, acceleration compenssted, 217 diameter $375.00

b Press-ICR-2300W4 diaphragm ...more Add to Cart
500 psi range, 10 m fosi, sccelerstion compensated, 217 dismeter $375.00

.y Press-I1CP-2300WE disphragm ...more Add to Cart
250 pei range, 20 my s, acceleration compenssted, 217 diameter $375.00

.y Press-I1CP-2300W1 disphragm ...more Add to Cart
100 psi range, 30 my s, acceleration compenssted, 217 diameter $385.00

‘g, Press-ICR-2200W1 diaphragm ...more Add to Cart
2.5 psi range, 2000 mYpsi, microphone, 787 db resolation ..omore #> $575.00

-{ Prass-ICP-2013Y Add to Cart
50 psi range, 100 mY =i, acceleration compenssted, TMC connector, 108-27 $599.00

Prass-1CP-2Z005Y MPT mount ...more Add to Cart

1000 psi range, 5 myiosi, in eylinder engine combustion sensor ..more $765.00

Add to Cart

/v’

Prezs-ICP-2011W
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Appendix 4: Thermocouple Specifications (Type E)
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Appendix 5: Preliminary Task Breakdown and Schedule

Task Specification Duration Start Date = Completion Date
Project Defined 11 days 10/17/2005 10/31/2005
Project Objectives Defined 13 days 9/12/2005 9/28/2005
Project Poster Displayed at Station 3 days 9/28/2005 9/30/2005
Project Slide Complete 3 days 10/3/2005 10/5/2005
Alternative Solutions Defined 5 days 10/17/2005 10/21/2005
Research Alternative Power Solutions 5 days 10/17/2005 10/21/2005
Magnet and Coil 1 day 10/17/2005 10/17/2005
Piezoelectric 1 day 10/18/2005 10/18/2005
Heat Conversion 1 day 10/19/2005 10/19/2005
Wind Power 1 day 10/20/2005 10/20/2005
Others 1 day 10/21/2005 10/21/2005
Project Web Site Live 3 days 10/17/2005 10/19/2005
Preliminary Task Specs 2 days 10/14/2005 10/17/2005
Preliminary Evaluations of Feasibility 10 days 10/17/2005 10/28/2005
Preliminary Budget 2 days 10/28/2005 10/31/2005
Refined Task Specs 5 days 10/31/2005 11/4/2005
Preliminary Project Schedule 2 days 11/4/2005 11/7/2005
Project Brief for Industrial Consultant 6 days 11/7/2005 11/14/2005
Monthly Budget Report 2 days 11/11/2005 11/14/2005
PPFS Work 68 days 9/7/2005 12/9/2005
Problem Statement 11 days 9/7/2005 9/21/2005
Proposed Solutions 11 days 9/21/2005 10/5/2005
Feasibility of Proposed Alternative Solutions 11 days 10/6/2005 10/20/2005
Budget Estimates 11 days 10/21/2005 11/4/2005
Preliminary Design 27 days 11/3/2005 12/9/2005
Electrical 14 days 11/3/2005 11/22/2005
Mechanical 14 days 11/22/2005 12/9/2005
Design Implementation 14 days 10/17/2005 11/3/2005
-Electrical Power System 14 days 10/17/2005 11/3/2005
-Circuit Design 7 days 10/17/2005 10/25/2005
-Simulation 7 days 10/17/2005 10/25/2005
-Real World Implementation/Testing 14 days 10/17/2005 11/3/2005
-‘Mechanical Mounting System 14 days 10/17/2005 11/3/2005
-Force Analysis 7 days 10/17/2005 10/25/2005
‘Thermal Analysis 7 days 10/17/2005 10/25/2005
-Simulation/Prototyping 14 days 10/17/2005 11/3/2005
-Real World Implementation/Testing 14 days 10/17/2005 11/3/2005
-Electrical/Mechanical System Integration 7 days 10/17/2005 10/25/2005
-Prototyping 7 days 10/17/2005 10/25/2005
‘Total System Testing 7 days 10/17/2005 10/25/2005
-Final Product 7 days 10/17/2005 10/25/2005
Final Report 14 days 10/17/2005 11/3/2005
-Comprehensive Design Analysis 11 days 10/17/2005 10/31/2005
-Power System 10 days 10/17/2005 10/28/2005
-Mounting System 11 days 10/17/2005 10/31/2005

21




