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List of Tables

I. Chapter One: EML 4551C

1.1 Project Scope
Project Description
A non-electric, mechanically driven mechanism which accurately measures the date for
100 years.
Key Goals
Mechanical powered movement, no maintenance, accurate, aesthetically pleasing, visible.
Stakeholders
o Advanced Manufacturing Training Center at Tallahassee Community College
e Sponsors (Amy O’Donnell, Robert Parsons, David Sellers, Rick Frazier)
e Team Members (Zachary Brower, Michael Patrick, Alyna Segura-Sanchez, Jacob
Williams)
o Tallahassee Community
e Horologists
e Power System Engineering Industry

Power Industry

The main stakeholders involved in the development process of the Centennial Calendar Project are
the Advanced Manufacturing Center at Tallahassee Community College, the project Sponsors

which include Amy O’Donnell, Robert Parsons, David Sellers and Rick Frazier, and the design
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team which includes Zachary Brower, Michael Patrick, Alyna Segura-Sanchez, and Jacob
Williams. Additional stakeholders without a direct involvement in the project are horologists,
power system engineers, the power industry, and the Tallahassee Community College, who will
view the final product for years to come.

Assumptions

Assume availability of tools including a machine shop and design software. Also assume
little to no maintenance is done on the calendar mechanism. Assume the mechanism and power
source will not be tampered with while on display. Assume the entire project is reasonably sized
and able to fit through a doorway.

Market

Team 18’s primary market is the faculty of the Advanced Manufacturing Center at
Tallahassee Community College since the Centennial Calendar will initially be solely utilized by
them in order to keep track of the remaining time they will need to wait before opening their time
capsule. Team 18’s secondary market pertains to clock manufacturers and clock aficionados
because a self-sustaining clock that is able to accurately display time for 100 years would be a new
technology that would appeal to both groups.
1.2 Customer Needs

Coming Up with the Needs

Prior to meeting with the sponsor, initial design parameters were distributed online and
background research was conducted by team members. The initial design parameters were vague,

unclear and did not present sufficient information. Therefore, our team met with the Centennial
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Calendar sponsors to present a list of questions and expectations to identify and confirm specific
parameters.

Documentation of Customer Needs

Customer needs are initially determined by asking the sponsors questions pertaining to
design parameters, typically in a group meeting. Example questions that were asked in the first
group meeting can be seen below.

e How accurate does the calendar need to be?
e \What does “non-electrical” specifically mean?
e Are there any size restrictions?

Their answers are then transcribed onto paper by the members of Team 18. From there, the
sponsor’s words are translated into customer need statements that allow for more direct association
to the desired goal while using engineering terminology. These needs can then be used as a starting
point for the design process. Finally, these translated phrases are then organized into a table. The

result of this process is seen in Table 1 on the next page.
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Table 1

Customer Needs Translation Table

Question/Prompt Customer Statement Interpreted Need
Typical Uses [ need a mechanism that works Thssﬁecg?srfe:;lg;:;ﬂ
P with no electrical input. & only
processes.
I want a mechanical calendar The mechanism accounts for
that 1s accurate to one day. leap years and non-leap years.
I want the mechanism to be The int ) wcrl_cmgs of the
. - mechanism are visible to the
aesthetically pleasing. .
viewer.
I do not want the mechamsm to The mec SIL uSes Cost-
effectrve matenials without
be costly. . )
sacrificing quality.
Likes I like the layout of the The mechanism displays a
traditional calendar. traditional American date.
[ would like the mechanism to | The mechanism 1s compact and
be self-sufficient. 15 powered alternatrvely.
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1.3 Functional Decomposition

After clarifying the customer’s wants and needs, the specific requirements and
specifications of the calendar must be determined. To accomplish this, the flow chart in Table 2
was created based off the interpreted customer needs from Table 1. Using the interpreted needs,
the most important aspects of the mechanism were determined. For example, one of the
interpreted needs mentions that the calendar must account for leap years. From this need, it is
clear that the time-keeping mechanism plays an important role within the entire mechanism, so
one branch was created specifically for the time-keeping mechanism. The other branches were
determined in a similar fashion, except for encasement. While the customer needs do not
specifically mention the mechanisms encasement, it was deemed an important aspect since the
placement of the calendar had not yet been determined, and could potentially be placed indoors
or outdoors.

From each of the main branches, we determined what specifics of the customer needs
applied to these aspects of the mechanism and branched those off from those aspects. The needs
were interpreted further in order to assign units to each sub-branch. These numbers were chosen
off of average power consumption values in standard grandfather clocks. The finished design for
this project will likely run on a much lower amount of power simply due to the efficiency needed
to run the device for 100 years, but these numbers at least provide a rough base line. Moreover,
the metric chosen for the tamper-proofing, TL-40, is a standard used in determining the
resiliency of gun safes from mechanical and electrical tools. This particular rating insinuates the
device can withstand 40 minutes of continuous abuse from typical handheld mechanical and
electrical tools. Similarly, the metric for the weather-proofing is based off the international

ingress protection scale. The IP-55 rating guarantees a minimal amount of ingress from dust
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particles, at least not enough to compromise the internal workings, and no ingress of water from
small jets of water hitting the encasement from any side. In the end, the device will very likely be
hermetically sealed this weather-proof rating should be easily surpassed.

After reviewing the customer needs, it was determined that some of the specific customer
needs applied to multiple branches. In order to view the requirements for the mechanism in a
more organized fashion, a table was created from the flow chart, as can be seen in Table 3. Since
some sub-branches applied to multiple main branches, the main branches were placed in one
column at the top of the table and the sub-branches were placed in a column on the left side of
the table. The metrics assigned to the sub-branches were placed on the right side of the table.
Checkmarks were placed in the boxes where the main elements of the mechanism and the
specific requirements matched up in the flow chart. This reorganization allowed for a better

understanding of how the mechanism should function.
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Table 2

Functional Decomposition Flow Chart

The Centennial
Calendar
|
| 1 I 1
: Energy Management Timekeeping
Date Display Encasement System Mechanisi
Date Change Tamper-proof Energy Distribution Date Change
(24 hours) (TL-40) (24 WH/day) (24 hours)
Visibility From a Energy
- Mogeent - Distance __ Replenishment - Morcuent
(100 years) G m) (723 WH/month) (100 years)
Tamper-proof Weather-proof Energy Storage
(IP-55) (IP-55) (844 KWH)
Movement
(100 years)
Weather-proof
(IP-55)
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Table 3

Functional Decomposition Table

= Timekoeping
Date Display Encasement Management Mechanism Metric
System
Date Change v v 24 hours
Energy s
Distribution g Rl
Energy T
Replenishment ¥ 723 WH/month
Energy Storage v 844kWH
Movement v v v 100 years
Tamper-proof v v TL-40
Visibility from a D -
Distance
Weather-proof v v IP-55
1.4 Target Summary
Table 4
Target Summary
Metric Measure Target .
Life span of power supply | Time 100 years
Weather-proof rating Durability IP-55
Maintenance interval Reproducibility | 0

1.5 Concept Generation

Concept generation, the process of accumulating the ideas in a project, is one of the most

crucial steps in the engineering design process. Beginning with customer needs and targets to

specify parameters of the project, a series of project ideas are collected from which a final design

is decided upon. This process is important because it considers some possible solutions to a

problem that can be hard to initially define.

Due to the abstract thinking required to generate concepts, much time was needed. Team

18 has spent considerable time and effort to consider questions and possibilities, examining
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advantages and drawbacks of each solution. This thought process created the multiple concepts
below.

The Centennial Calendar consists of two main systems: the source of power generation
and the clock mechanism. In an effort to promote simplicity only concepts concerning the mode
of power generation are included. A total of five concepts are included. These concepts range
from potentially usable designs to designs removed for their ineffectiveness. In an effort to
document the decision-making process and justify the usage and advantages of good designs, the
unusable designs are described.

Concept 1.

Atmos Clock

An Atmos clock is a mechanical torsion clock which requires no external power source to
run. In other words, there is no need to wind the mechanism or reset a suspended weight by
hand. The clock is instead powered by minute changes in atmospheric temperature. A semi-
rigid pressure vessel, or capsule, containing some gas expands and contracts with changes in
ambient temperature throughout the day. Modern Atmos clocks use ethylene chloride gas as the
medium of expansion because it has properties of thermal expansion which allow it to expand
and contract in changes of temperature as low as 1° C. This chamber of now-expanding gas is
connected to a chain which winds the mainspring in the clock. The movement is similar to that
of a bellows. The chamber slowly expands and contracts over the course of the day as the
temperature changes. This reciprocating expansion and contraction of the capsule effectively
winds the mechanism allowing it to sit unattended and unmaintained for many years at a time

while still keeping an accurate time. The figure below illustrates this principle.
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The Atmos clock is unique in the |
world. Its energy is drawn uniquely :
from variations in femperature. lts
balance will oscillate for os long as
the sun continues to shine. :

When the femperature | =

rises, a mixture of gas
expands in the expansion
chamber (1), which then . 3
compresses a spiral spring (3). | =

1. Expansion chamber
Fig.D. : 2. Cover
With a fall in femperature, the | = 3. Motor spring (counterweight)
gas condenses and the spring | = 4. Chain
slackens. This tiny back-and-forth . 5. Mainspring
motion is sufficient to wind up Il ¢ 6. Pulley
the Atmos. | = i 7. Small spring
= ;8. Bolance wheel
¢ 9. Elinvar wire

i 10. Escapement
£ 11. Winding spring

Figure 1. Diagram of an Atmos clock (note the pressure vessel with the chain attached to the
torsional spring).

An early example of such a mechanism is the Beverly Clock. An early prototype of the
Atmos clock, the Beverly Clock has a pressure vessel that expands and contracts with changes in
ambient air temperature. This clock uses a falling weight which is periodically reset by the
reciprocating motion of the pressure vessel unlike the Atmos clock which uses a torsional spring.

Concept 2.

Bimetallic Strip

7) How the Display Operates

The display is rigidly mounted to the frame. To operate the display the main throw lever

arm simply needs to be actuated by being pushed into the next tooth of the Day of the Week
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gear. Then, through the utilization of counterweight, the throw lever arm will simply reset itself
to its resting position while the displayed date is changed.
A. Timekeeping Mechanism

1) Clock

The timekeeping mechanism is used to run the display at the correct speed. The display
lever must be advanced once a day in order to keep the calendar updated. Since the display does
not run on its own, a timekeeping mechanism must be used to determine when the lever must be
pushed, which is once a day.

The clock that will be running the display is a 1952 Kundo all-mechanical, torsional
pendulum clock. This particulat torsional pendulum clock is called an Anniversary Clock and
can run continuously for about 400 days. This allows for the clock to run for long periods of time
without being rewound in case the energy system that typically would supply the clock with the
energy it needs to operate is temporarily inactive. The torsional pendulum is also extremely
accurate for timekeeping and would allow the calendar display to accurately display the date for
a long time.

Linkage SystemSince the timekeeping mechanism runs the display, it is attached to the
display via a linkage system. This linkage will be connected to the clock at one end, and the
display on the other. Once started, the linkage will push the display lever every 24 hours in order
to update the date. The design of this linkage is based off of the Whitworth Quick Return
System, as can be seen in the figure below.This system uses a rotating wheel, called a bull gear,
to move a bar along a rail. This bar is directly connected to the display lever. As the wheel
rotates, the lever will slowly be pushed. As the point of contact between the crank and the bull

gear reaches the bottom of the rotating wheel, the bar will move back along the rail, releasing the
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display lever at a quicker rate than the lever was pushed.

Slotted bar
Bull gear
Crank

Crank and slotted lever mechanism
Figure 7: Depiction of the Whitworth Quick
Return System.
B. Energy System
1) Bellows
The energy system consists of a set of bellows modeled after those found on an Atmos
clock. Small changes in temperature and pressure cause ethyl chloride gas located within the
bellows to expand. The expansion of the gas causes the bellows to open up. This is the optimum

solution to power generation because it utilizes the most consistent environmental changes.

I
Barrel with mainspring Return and small springs

i ' N
:: :: e oo 00 i :
by ! 1 Winding chain 1
z| b1 idier pulley 1 Bellows I\ 1
:l o e e sl
" S
- t 1O © OB NN
Arbor 1 iy Ty
1 y
1] :E Adbar End-cap
"
Click and ratchet £ ?‘.\. Winding drum
Figure 8: Illustration of Atmos clock bellows
Team 18 14

2018



In normal operation, the pressure of the ethyl chloride in the bellows creates a
force. Two springs located inside of the bellow’s encasement oppose the force of the bellows
and attempt to recompress it. The winding drum picks up slack as the bellows expands. When
the bellows contracts, it pulls the winding chain and winds the mainspring through a click and
ratchet system. The mainspring is the spring that is wound and runs the clock. A normal clock
mainspring would need to be wound by hand periodically in order for the clock to continue to
operate. An Atmos clock, however, has constant input from the expansion and contraction of the
bellows that prevents the mainspring from ever fully unwinding. In Tallahassee, an Atmos clock
will produce at least 36.1 days of power on average which is more than enough to power the
clock per day. It is most important to ascertain whether the power generated by the bellows
would be enough to power both the clock and the display.

In order to determine whether the power generated by the bellows is enough to power
both the clock and the display the power generation calculation above must be verified. In order
to do this analysis of the bellows must occur before implantation into the final prototype. The
bellows are filled with ethyl chloride gas and left outside in a shaded area. Video will be taken
of the bellows expanding and contracting over the course of the day and maximum height
differences will be plotted over time. At room temperature, Atmos bellows move 1.63 mm/C
(0.036 in/F) on average. It is important to compare the average change in height of the
experimental test to the one that was calculated. The experimental change in height will allow

the calculations for the power generated by the clock.
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I11. How to Operate

Being as the finalized product of this project is to run for a minimum of a year at a time
without external interference, it follows that this device has a rudimentary level of operational
difficulty. When the device is completely together, one needs to do nothing more than spin the
torsional pendulum the correct to where the clock will begin keeping accurate track of time.
After this point, the device is fully self-sufficient, minus the annual need of rewinding the
torsional pendulum to ensure accurate timekeeping. A bimetallic strip converts a temperature
change into a mechanical movement. Generally, the strip is made of two different metals which
expand at different rates under heat. These strips, most often steel and copper, are riveted or
welded together. The differing rates of expansion force the strip to bend a certain way when
heated and bend the opposite way when cooled. The metal with the higher coefficient of thermal
expansion is the one on the outside when heated. This phenomenon can be seen in the figure

below.

—_—

mnorease of

. Q
=

Figure 2. Bimetallic strip diagram showing

fxad conneciion

the difference in thermal expansion of two different metals.

Bimetallic strips are already used in some clock mechanisms to keep the timekeeping
mechanism accurate. A different usage of the strip in a clock is one similar to that of the Atmos
clock. In this particular instance the strip takes the place of the semi-rigid pressure vessel. The
strip, under oscillatory heating and cooling conditions throughout the day, will bend back and

forth. This strip is attached to a chain which winds a torsional spring or resets a counterweight.
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Using changes in ambient temperature as a source of power generation is a potential solution
because changes in temperature are consistent enough to cause the strip to move and the amount
of energy harnessed by winding the mechanism or resetting a weight is more than enough to
power the clock movement for a day.

Concept 3.

Rainwater Collection Device

One concept which is currently being considered is a rainwater collection device. Rain is
a natural and consistent source of energy which already exists. Harnessing rainwater ensures that
the system will have a power source for as long as it runs. Rainwater is also an ideal source of
energy because it is a non-harmful substance which is easy to collect and use. This ensures that
no dangerous substances will need to be discarded at any point in time.

One way we can utilize the power of rain is by creating a type of reservoir which could
collect and catch the rain as it falls. This reservoir can be connected through a ratchet-like device
which in turn can be attached to a main spring, which runs the mechanism. The reservoir can act
like refillable weight, with the rain filling up the reservoir to create the weight. The reservoir
could be on a seesaw like device which connects via an axle to the ratchet. One side of the device
would be the reservoir and the other side would be a small weight or handle. This will act like a
wind-up key, where the spring is wound when the water fills the reservoir enough to turn the axle
connected to the spring. As the spring continues to unwind and run the entire system, the
reservoir turn-key will slowly rotate back around, and the water will either fall out or evaporate.
Once the turn-key device rotates back around, rain will eventually fill up the reservoir again and
the process will repeat, continuously providing energy into the system over the course of its

lifetime.
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While using a naturally reusable power source is a potential solution, there are a few
difficulties which might be encountered when implementing this concept. While rain patterns
can be somewhat predicted using current technology, these predictions are not always accurate.
The main spring will have to store enough energy to run the calendar during the periods between
rainfall, or there will need to be another power source for the calendar to use if there is no
rainfall for a long period of time. Using water also means that part of the system will need be
open to the elements. This could potentially cause rust or leaks into the rest of the system, if the
system is not sealed properly. The turn-key device will also have to be strong enough to
withstand storm or hurricane rain and wind since it must be exposed to the elements. These are
the things we are considering before implementing this concept.

Concept 4.

Magnet Return System

Knowing that permanent magnets, such as neodymium, retain their magnetic prowess for
extreme lengths of time, a system that utilizes these permanent magnets to raise the height of
ferromagnetic objects seems promising. These raised ferromagnetic objects could then be
dropped in order to harness their kinetic energy, and then be raised back up to their original
height by the permanent magnets in order to be dropped again. This cycle could theoretically
continue endlessly, allowing for a near infinite energy source, at least until the permanent
magnets lost their magnetism.

Neodymium magnets in particular lose their magnetic prowess at a rate of around one
percent over the course of 100 years. Therefore, they would likely be the permanent magnet
utilized if a system such as the one described above were to be implemented. The ferromagnetic

objects would be heavy in iron content so as to be easily influence by the magnetic fields created
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by the neodymium magnets, and their shape would be spherical so frictional forces of the
moving object will be at a minimum. These iron balls would start at a raised height and be
dropped onto a device that would store the kinetic energy, likely a seesaw type device that has a
spring underneath the side of the fulcrum in which the iron balls would hit. This spring would be
connected to a flywheel in order to extract and move this kinetic energy to the energy storage
system of the Centennial Calendar for later use. After the balls fall and hit the seesaw, they
would be funneled into a tunnel composed of neodymium. This tunnel would focus the magnetic
field in the center of the tunnel and would pull the iron balls from the bottom funnel back to their
starting point at the top of the device. Figure 3 roughly visualizes how this system would be laid

out.
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Figure 3. Rough sketch of the magnetic return system and the path the iron balls would
take.

The main issue with this device which hinders it from being fully implemented, is its
inconsistency with returning the iron balls to their starting location at the top of the device.
Unless the center of mass of the iron balls could be perfectly aligned with the center of the
magnetic field produced by the neodymium tunnel, they will shift to one side of the tunnel and
simply stick to the magnets. This will completely stop the mechanism, not allowing for any
energy to be harnessed. Since this mechanism needs to run constantly for 100 years, the
likelihood of the iron balls being attracted to the wall of the tunnel at some point due to an
imperfect alignment is far too high to consider it as a reliable source of energy in the Centennial

Calendar. Because of this, the magnetic return system will not be utilized within this project.
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Concept 5.

Perpetual Motion

One of the major concepts we have considered is the use of a spinning wheel. The idea of
a spinning wheel is appealing because it will allow the calendar to have continuous input, which
could potentially wind a spring or turn a gear in order to keep the calendar running continuously.

The first wheel power source that we are researching is the flywheel battery. The basic
concept of a flywheel battery is a cylinder which is suspended on an axle, as can be seen in
Figure 4. A flywheel can be spun at high speeds in order to create or store energy. In essence, a
flywheel is an electromechanical battery. Currently, flywheels spin using a motor-generator
which both spins the wheel and collects the energy output. Advancements in technology have
allowed the flywheel design to be more optimized through the use of vacuums and magnetic
bearings. This has led to some experimental flywheels running up to two years without

additional energy input.

Figure 4. Basic flywheel design.
Since the flywheel battery requires a motor-generator to convert mechanical energy into
electrical energy and our system cannot have any electrical components, the electromechanical

version of the flywheel has been discarded as an option. The concept of the flywheel, however,
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has led into the next phase of research, which is perpetual motion. The idea of the perpetual
motion wheel is similar to the flywheel battery in that a wheel is turned in order to create energy,
but the motion of the wheel is continuously powered by its own mechanical means.

One of the early perpetual motion wheels that has been designed is the Bhaskara wheel,
which can be seen in Figure 5. The Bhaskara wheel is made up of spokes attaching from the
center of the wheel, with tubes filled with a dense liquid attached to each spoke. These tubes are
all placed at an angle to the wheel and are only about two-thirds of the way filled with the liquid.
After an initial spin to start the rotation of the wheel, the liquid falls to the bottom of the tubes on
one side of the wheel as it rotates. This provides the force needed to keep the wheel spinning. As
the wheel continues to spin, the liquid settles to the bottom of the tube until the tube is tipped

again, after the wheel completes another revolution.

Figure 5. Bhaskara Wheel design.

This version of the perpetual motion wheel has failed, as have many of the other designs
explored afterwards. One example being the Articulated Arm Wheel, as depicted in Figure 6,
which uses hinged weighted arms, instead of liquid, to swing the wheel every revolution. In the
end, none of these perpetual motion wheels work because the system can never output more

energy than was initially input into the system, or in other words, there is no gain in the net
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energy. In addition, neither the shifting masses nor gravitational force do any net work on the
wheel, and therefore, the wheel will eventually stop, no matter how well it’s designed. It is for

this reason that this design has also been discarded.

Figure 6. Articulated Arm Wheel design.

The last perpetual motion device that has been researched is the Free Energy Magnet
Motor. This idea is, again, similar to the flywheel, in that it can be used to produce electrical
energy, but like the Bhaskara Wheel, it can theoretically run forever. The Free Energy Magnet
Motor can be created by attaching small magnets, with one or alternating poles facing outward,
to a fan or a wheel with spokes. An example of how these motors are often portrayed online can
be seen in Figure 7. When a larger, standalone magnet of the opposite pole is brought close to the
fan, the small magnets are repelled by the larger magnet and cause the fan to spin. This has
turned out to be mostly an online hoax, as the small magnets, no matter how strong or how
precisely they are positioned, will always be attracting the larger magnet at some point in the
revolution, which quickly brings the fan to a stop. It has been discovered that no instance of
perpetual motion has ever been successfully implemented, so the entire concept of perpetual

motion has been completely disregarded.
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Figure 7. Free Energy Magnet Motor design example.

1.6 Concept Selection

House of Quality

In order to determine which of the subsystems listed in the functional decomposition and
their respective characteristics were the most important to the success of the project, Team 18
created a house of quality, which can be seen in Table 5.

From this house of quality, it was determined that a strong emphasis needs to be put into
picking the correct materials for both the timekeeping mechanism and the various components of
the energy system as a whole. This makes sense that material selection is such a crucial portion
in the success of the project, as the device must run for 100 years without degradation of the
components in order to ensure the device can last such a length of time. Likewise, a strong
emphasis needs to be put into perfecting the accuracy of the date display, as a calendar that

cannot provide the correct date is a useless calendar.
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Table 5
House of Quality

Legend
Symbol Meaning
+4 Very Strong Relationship
+ Strong Relationship
Weak Relationship | + ’\
Very Weak Relationship /l + | ++ | l\
A Increasing is Better | | | + ’\
| RSN ETN I AN
Decreasing is Better ++ | | ++ | | | ++ | ¥
Darker Higher Importance 1 2 3 4 5 6 7 8
Lighter Lower Importance A A A A A A
) Engineering Characteristics 3 Q >
= c c IS )
= =] o x © o
= | 8 Q ‘B = 5 £
| 2|58 215 |¢ S| .8|.8
812 g e |88 | & E|lZ<|ExX| B}
£| 5 | E 28928 |52 |0 2|25 |ES| O
2|z | = $s8 s |52 |5 55|02 |288| &
| 8|2 el g |c2|sg|sa|les |88 B
| & | S | customer Requirements eS8 2|58 |58 |s¢ 88|88 &
1 [16.1 ] 5.0 |All mechanical workings 9 9 9 <) 9 9
2 |16.1| 5.0 |Keeps accurate account of the date 9 9
3 |16.1] 5.0 |Runs for 100 years 9
4 [12.9] 4.0 |Requires no maintenance 9 3 9 3
5 112.9| 4.0 |Date displayed is visible from 3m 9
6 | 9.7 | 3.0 |Aesthetically pleasing 3 3 3
7 | 6.5 | 2.0 [Device fits through 203cm x 107cm doorway
8 | 6.5 | 2.0 |Visible Workings 1 1 1
9 | 3.2 | 1.0 [Signal to notify 100 years have passed 1 1
Technical Importance: Absolute 442 332 442 261 303 484 290 106
Technical Importance: Relative 16.6 12.5 16.6 9.8 11.4 18.2 10.9 4.0

Following these three crucial aspects of the device, the house of quality also tells us that

we need to focus on the perfecting accuracy of the timekeeping mechanism accuracy and energy

replenishment rate next. The accuracy of the timekeeping mechanism goes hand-in-hand with the

accuracy of the date display, the most crucial aspect of the entire device, since the date will

change based on information transferred from the timekeeping mechanism of the device. It is

then crucial to ensure enough energy is replenished as time goes on else the device can run out of

energy and stop working. Energy replenishment rate coincides directly with the energy
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dispersion rate, the next most important criteria to focus on. If the device uses up energy quicker
than the energy can be replenished, failure of the device will be inevitable.

According to the house of quality, two of the least important factors to focus on
are the encasement protection rating and the actual size of the system itself. This makes sense, as
if we have a perfectly weather-proof encasement that can withstand the Florida elements for 100
years, but no working calendar to put inside of it we will have nothing more than a glorified box.
Likewise, the size of this box is unimportant to the overall success of the project. It will be more
important for Team 18 to focus on creating a working, self-sustaining timepiece than to ensure
the encasement for the workings is reasonably sized and able to last outside in the Florida
elements for 100 years.

Decision Matrices

In order to properly determine which of our energy conversion concepts are optimum we
first had to determine the criteria in order to rate each system. In order to determine this, we used
a decision matrix, as can be seen in Table 6. These criteria were determined from the functional
decomposition. Each system must have energy distribution, replenish that energy, store it, and
be weather-proof in order to allow the system to operate under normal conditions.

A baseline had to be determined as well in order to rate each system off of. Considering
the absence of an existing concept to improve on, a generic hand wound energy system was used
as the baseline. This baseline was given a rating of 0 in each category to show that each
subsequent energy conversion concept is an improvement to the existing hand winding method.
Each criteria is then given a weight, the highest weight being the energy storage because storing
the energy produced is paramount, and the lowest weight being the weather proofing because the

production and sustainability of energy is more important. The concepts are then rated for each
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criteria from 0 to 4. That number is multiplied by the weight of the criteria to come up with a

final value. These values are added up for each concept to determine the totals. Based on the

given weights of each criteria and the how well each energy system fulfills those criteria from 0

to 4, 4 being the highest weight, a higher total value means the system fulfills the criteria more

effectively. From the decision matrix in Table 6, it can be determined that the Atmos clock is the

most effective model as an energy conversion system.

The criteria specified above are consistent with the HOQ. The most important criteria

concern the energy distribution, replenishment, and storage and the HOQ reveals that some of

the most important criteria are the energy replenishment and energy dispersion. The least

important criteria according to the HOQ is the encasement. This is also consistent with the

decision matrix because weather proofing is listed as the least important criteria.

This selection is also consistent with our predictions. The Atmos clock rates far above

the other concepts due to its ability to store and distribute energy well and consistently replenish

it over the course of a day. The magnet return system is the lowest scoring system due to its

inconsistency in its magnet return.

Table 6

Energy Conversion System Decision Matrix

Energy Conversion System

Bimetallic |Rainwater

Criteria Baseline (Hand Wound) |[Weight  |Atmos Clock |[Strip Collection Magnet Return
Energy Distribution 0 3 3 3 3 3
Energy Replenishment 0 2 4 4 1 0
Energy Storage 0 4 2 1 3 1
Weather proof 0 1 4 0 0 4

Total 29 21 23 17
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The timekeeping mechanisms were rated in a similar fashion, as can be seen in Table 7.
A standard clock is used as the baseline and the movement is given the highest weight because
the mechanism must move in order to operate. The concepts rated are the horizontal floating
gears and the hourglass. Both concepts were given the same rating. However, we determined
that the most important concept and the one that we will likely pursue is that of the horizontal
floating gears. This is due to the consistency inherent in solid gears and potential inaccuracy
associated with a fluid keeping time in the hourglass.

The most important criteria gleaned from the HOQ is the accuracy of the timekeeping
mechanism. This is reflected in the decision matrix in the movement and date change criteria.
Keeping the mechanism accurate is crucial due to its inherent relation to the date display which

is important in order to conform to our needs.

Table 7
Timekeeping Mechanism Decision Matrix
Timekeeping Mechanism
Horizontal

Criteria Baseline (standard clock) [Weight  |Floating Gears|Hourglass
Date Change 0 1 2 2
Movement 0 2 2 2

Total 6 6
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1.7 Spring Project Plan

7-Jan  19-Jan 31-Jan 12-Feb 24-Feb 8-Mar 20-Mar 1-Apr 13-Apr 25-Apr 7-May

Spring 2018
Regroup after break u Engineering
. . Day
Detailed design u
Order parts & materials I Finals

Final CAD drawings u
ProkE testing ' ‘
Manufacturing parts I ‘
Assembly . ‘
Testing & Fine Tuning I ‘
Finalize report . ‘
Present working
mechansim u

Figure 8. Gantt Chart for Spring 2018

In the Gantt chart, which can be seen in Figure 8, milestones and deliverables are

arranged into a time line as a visual aid to help determine our plan for next semester. These

parameters have been specifically chosen and dated to appropriately space out the time from the

start of the Spring semester through Graduation in May. During this time period, many steps are

required to ensure a working finished product. As the visual aid shows, the middle of the

semester is flooded with two major tasks: manufacturing parts and assembly. This is due to the

fact that finding free time to work in the shop with every other group’s project will limit our

availability of time and resources. Team 18 has pre-planned for this limitation and will be

sharing workshop time at Tallahassee Community Colleges Advanced Manufacturing Training

Facility, where our sponsor is employed as a master machinist instructor. This partnership is very
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beneficial to us because the shop at AMTC is far more outfitted and updated than the FAMU-
FSU College of Engineering machine shop. Assembly is also a mass time expenditure and is
very important to the calendar performing accurately. No matter how precise the manufacturing
process is or how durable the material is, if the assembly is not done carefully with attention to
detail, the device will not perform with precision or accuracy.

It is important that Team 18 meets after the winter break to discuss our current
mechanism design in order to move forward. We will need to quickly come up with a detailed
design which will include a material analysis. It may be beneficial to order parts of an existing
mechanism in order to examine it and determine how we can modify the mechanism to our
benefit. A simple material analysis may be sufficient enough as far as the design is concerned.

It is more important to have a mechanism, even 3D printed, that works as intended and have a
discussion on materials for future work. Our CAD drawings will also be finalized after complete
analysis of our detailed design. The design will be final tested in ProE to ensure its proper
function before ordering and manufacturing parts. The design needs to be complete and correct.
Any error in manufacturing could be detrimental to the project by reducing the amount of time
we have to assemble and test. The testing is extremely important because it will include a
predictive analysis of how long our given mechanism will last under certain conditions. This
will also serve as a useful tool to verify the mechanism’s operation and power consumption. The
finalized prototype will be shown at the last design review to illustrate its operation and serve as

a presentation tool.
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