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Project Executive Summary

The Solar Sausage design project is a multi-department project to be completed in a year.
The Solar Sausage project was initially started by a research team at The Florida State
University, this team created the parabolic trough system used to create cheap electricity via
solar panels. The student design team will take the current system, invented by lan Winger and
Sean Barton, and look for possible ways to fix inefficiencies and add any applications that will
help to improve the overall output of the Solar Sausage system.

The end goal that the student-led design team will accomplish, is to create electricity via
PV panels and provide a system that will be able to purify water. The design team must focus on
three factors to keep the system working smoothly: the sensitivity of pressure levels within the
two chambers of the sausage, a type of cooling system to keep the PV panels at a safe
temperature, and a process to pasteurize the water. A pressure regulator will be present in the
design in order to keep the separate chambers at their exact measurements respectfully. In this
system, if the pressure is not exact, the output of the system alters drastically and will not
perform as expected. The PV panels must be kept at such a temperature that they will not
overheat, if the panels get too hot their functionality decreases. A design for a heat exchanger
will be used to pull the heat from the PV panels into the water, this is the same water that will
later be pasteurized and used as drinking water. The pasteurization process will be achieved by
heating the water to a certain temperature for a decided amount of time in the second solar
sausage.

The purpose of this Solar Sausage project long term will be to provide electricity to a
desired load and to prove that clean drinking water is a product. This specific project team will
use the country of Panama as their design location when thinking about design ideas. The fact
that this system will end up in an underdeveloped country means that the team will need to make
sure that the upkeep and replacement of the Solar Sausage is simple and the parts easily
accessible to the region. The Solar Sausage system can consist of as many separate sausages that
the required load needs. The prototype made by the student-led team will have a minimal load
connected to the system, about 100 Watts, in the long run it would be ideal if a string of solar
sausages could support an entire village. The end-product of this year’s design team may not be
advanced enough to support such large loads, however the prototype created will be a miniature
version of a system that would be able to support an entire community.
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1. Introduction

1.1 Acknowledgements

The design team would like to thank lan Winger for his commitment to the team.
Dr. Winger has provided hours of support and advice in regards to his invention, giving
the team opportunities to search for improvements on his original design. Dr. Winger has
also provided the team with equipment to build their prototype. Along with Dr. Winger,
the design teams technical advisors, Dr. Edrington and Dr. Ordonez have helped critique
and perfect ideas presented by the Solar Sausage project team. With the continued
support of these individuals, the design team will have the best chance to create an
efficiently working prototype for their Senior Design Project.

1.2 Problem Statement
The purpose of this project is to design a complete and working prototype of a

Solar Sausage. The end product will prove to produce a cheap and simple way to create
electricity and potable drinking water, in the long run this device will be available for
underdeveloped countries. There are a few main issues facing the group when it comes to
the analysis and design of the Sausage. The team will first look at the inefficiencies in the
current model in regards to pressure regulations. Having exact pressure levels in the top
and bottom chambers of the Solar Sausage is of the upmost importance to the
productivity of the system. An efficient way of cooling the solar panels will need to be
implemented as well. The panels can very easily overheat and without a cooling system
the panels will go out of commission rather quickly

Referring to the issues stated above, the design team has plans in place to correct
these problems. Since the pressure levels are the most important to keep regulated one
choice would be to implement a microcontroller that can read and alter pressure readings
according to design specs. This system, however, will end up in under developed
countries and the use of complex devices may not make sense. Another answer to the
pressure problem would be to create a purely mechanical pressure regulator system that
has easy and cheap upkeep and can effectively keep the system at correct levels. The
cooling process for the solar panels will include a heat exchanger. This will be designed
to pull the heat from the solar panels into the water. This is the water that will be used
during the pasteurization process. At the end of the design process these solutions will, as
a whole, create a more efficient Solar Sausage.
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1.3 Operating Environment

The Solar Sausage performs at its best in hot, dry climates, making Florida a bit
of a challenge to keep the system working at high efficiency. The design team will have
to account for such weather conditions as humidity, pressure changes due to storms, and
morning dew. Any of these changes to the environment can affect how the Sausage
produces its output. The end product of this system will be designed to be able to operate
in a country such as Panama, as FSU has a satellite campus there and the Engineers
Without Borders chapter at the FAMU-FSU College of Engineering does work in this
area. This region has close to the same weather conditions that affect Florida, making it
easier to work through many possible issues in Tallahassee.

1.4 Intended Use(s) and Intended User(s)

The intended use of the solar sausage is to provide electricity and potable water to
impoverished countries. Water and electricity are necessities of life and the solar sausage
will help in providing those necessities. Also, the solar sausage will support a 100 Watt
load for this project, a scaled up version will be able to support a small village.

The intended user of the solar sausage will be people who live in villages or other
impoverished countries who are not equipped with the tools or equipment needed to
provide an ample amount of drinkable water or electricity.

1.5 Assumptions and Limitations

Assumptions Limitations
Components for the project will be inexpensive $5,000 budget
Provide potable water Scarce water sources
Project will be completed in two semesters Unforeseen circumstances
Solar Sausage and Photovoltaic panel will both Storing the Solar Sausage
have a length of 10 feet.
Power output of 900 W/m? Ideal Sunlight
Water will be pasteurized from 65°C — 90°C. Continuous water flow
Upper & Lower hemispheres will maintain a Morning dew
constant pressure
One axial rotation Few moving parts to track the sun
Reflective material is convenient The tension on both ends of the sausage
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1.6 Expected End Product and Other Deliverables

The design team will produce an end product consisting of a two-sausage Solar
Sausage system to their client, in this case their advisors. Once this prototype is designed,
built, and delivered, the team will not be supplying any other deliverables after the
completion of the project. The system being provided will consist of two solar sausages
working together, creating electricity and cooling the PV panels in the first sausage and
finishing the pasteurization process of the water in the second sausage. This end system
will prove to support a load of about 100 Watts. A scaled up version of the design teams
project should in theory be able to support a larger load, for example a small village. The
end product will be delivered April 2015.

2. System Design

2.1 Overview of the System

The below block diagram illustrates the design teams current plan for the Solar
Sausage System. The anticipated end product of this system will provide sufficient power
to support a load of about 100 Watts (location 7), this load will be connected to position
(3) of the flow chart. When the load is receiving enough power, the design team will be
able to conclude that the system is working in regards to the power output. The second
function that this system will need to achieve will be the production of potable drinking
water. This process will occur throughout the system. The water will need to be heated to
a certain temperature via the heat exchanger (position 2) and the process must be
completed in the second solar sausage (position 5). The water will exit the system at an
extremely high temperature, using this method. An additional process will be added to
cool the water once it has been pasteurized to make it safe to drink. An option that the
design team has come up with would be to use a natural refrigeration cycle to cool down
the potable water produced. This process is highlighted in red in the following diagram.
Using this method, the water that is made potable will return to the heat exchanger
portion of the system (position 2) using an exact replication of that system. With the hot
water running next to the incoming cool water, the potable water will be cooled fast
enough to avoid bacteria build up and allow drinkability. A bonus to this method is the
fact that when the hot water passes the cool water is also heating up the cool water, this
will allow that water to be at a hotter temperature when the pasteurization process begins,
allowing the water to be made potable more quickly.
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2.2 Major Components of the System

2.2.1 Water Source
The water source will come from a tank near the system. The team will
utilize the laws of gravity to allow the water to enter the system and continue its
path to sterilization via the heat exchanger heating it up to appropriate
temperatures.

2.2.2 Heat Exchanger
This component will serve two purposes: the heat exchanger will be used
to cool the PV panels to keep them in working condition, along with cooling the
panels the water running through the heat exchanger will be heated and the
pasteurization process will begin.

2.2.3 Solar Panel (Power Output)
The purpose of the solar panels are to attract the sunlight which will be
used to make the cheap electricity. The optimum power output of one PV panel is
100 Watts, the design team has decided to use a 10” portable fan as the load. This
will prove that the system is working, and the load provided is a make sense
power output for this project. This output can be increased by using multiple solar
panels, if the load desired is for a small village our design can be scaled.
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2.2.4 Pressure Regulator
The pressure regulator will be used to make sure that the two chambers of
the Solar Sausage are maintained at the required levels. This is a very vital part of
the system, if the pressure is off in either chamber it greatly effects the efficiency
of the solar sausage design.

2.2.5 Pasteurization Process
This sub-system will produce the potable water for the consumer. The
pasteurization section of the Solar Sausage will use the water that is run through
the heat exchanger to cool the PV panel; once this water is heated to the required
temperature the water is considered potable. This water will be extremely hot
when exiting the system, and will need to be cooled fast enough as to not let
bacteria form.

2.2.6 Natural Refrigeration Cycle

This process is an option for cooling the potable water produced during
the pasteurization process. The water will be pumped back to the area of the
system where the water is cooling the PV panels and beginning its heating for
pasteurization; here the already potable water, which is extremely hot, will be
pumped through an exact duplicate of the heat exchanger directly on top of the
PV panels, the water will be running beside the incoming cool water and a natural
refrigeration will occur. The hot water will cool to a temperature that is safe to
drink, and the cool water on its way to be pasteurized will receive a bump in
temperature allowing for pasteurization to be reached more quickly.

2.3 Design of Major Components

2.3.1 Load
The selected load that will be used in the demonstration of this project will
be an O2Cool, small ten inch fan. This fan operates on 12V and about 0.6 A.
From the equation:

P=VI

Equation 3.1
In the equation represented above one can see that the Power absorbed by
this fan will be 7.2 Watts.
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Fig. 3.1 Picture from O2Cool’s displaying the fan that will be used in the demonstration

This component cannot exceed the max power output from the solar panels. If the
max power output is exceeded then it will cause the fan not to turn on, or not to function

at its peak performance.

2.3.2 Solar Panels

The solar panel is the main component of this whole project, it provides the
electricity for the entire system. The graph below represents the real model inside
the solar panel. The dotted line indicate the non-ideal model, it included the shunt
resistance and series resistance. Many things can influence the 1-V curve, such as
insolation, temperature, and shade. The material of Solar Panel is a
Polycrystalline; which is a dark blue and not uniform in distribution.
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Fig 3.2 The model of the circuitry inside solar panels
Preliminary Testing of Solar Panel:
* Test Equipment:
Solar cell, Protractor, Light source, Power source, Ammeter, VVoltmeter
+ Set the circuit as in the diagram above (Ammeter is in series, VVoltmeter parallel)

» Measure the Short Circuit Current ( by having maximum resistance) and Open Circuit
Voltage (by disconnect ting the variable resistor
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Fig 3.3 i-v charerstic curve from Preliminary Solar panel testing
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2.3.3 Charge Regulator

In the solar energy system, the charge regulator is very important. The
importance of charge regulator appears in the following aspect; firstly, it can limit
the rate at which electric current is added to or drawn from the batteries. In
addition, it helps prevent the battery from being overcharged. If the battery is
overcharged, it will cause the battery’s life to decrease very quickly; in this way,
it will damage the battery. The charge regulator selected should have the
Maximum Power Point Tracking (MPPT) function. With the MPPT function, we
can optimize the performance and the capacity of the solar panel; such that, we
can make full use of the limited energy that can be harvested from the solar panel.

,V-10 lead-acid

GENASUN

12V Lead-Acid / 10.5A

Fig 3.5 Genasun MPPT Charge Controller 10.5A, 12V GV-10-Pb-12V

This charge regulator has the High-Speed MPPT, the peak efficiency can reach around
98.3%.Inside the regulator, it has advanced electronic protections, without appreciable incurring
losses. There are six ports which represent the “+”,”-” poles of the solar panel, battery and load
(electric fan).Connect the wire with the terminal correctly.

Function:

e Always keep the battery on fill voltage condition.

e Prevent the battery from over-charging.

e Prevent the battery from over-discharging.

e Prevent the battery from reverse charging to solar panels during nights.

e Reverse Polarity Protection for Battery

e Reverse Polarity Protection for Solar Panels

e When the battery voltage is low, the controller will automatically cut off the load from
the system. If the voltage of battery is back to normal and the load will restart working.
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e According to the battery voltage grade, the controller can automatically set charge-off
voltage, the load-off voltage, the load- restore voltage. (The parameter is default under
25°C condition, locked by the CPU procedure, cannot adjust.)

e The controller will automatically compensate the temperature of the charging voltage

according to the changes of ambient temperature.

This MPPT technology is based on the p-v slope; when the slope is positive, the
operation point on the left of the maximun power point. When the slope is negative, the
operation point is on the right of the maximun power point. The operation point does not
reach the maximun power point until the slope is zero.

Genasun MPPT Charge Controller 10.5A, 12V GV-10-Pb-12V

Operating Temp. Range

-40°C - 85°C

Electrical Efficiency

96% - 98%

Night Consumption

0.9mA

Connection 4-position terminal block for
12-30AWG wire
Weight 0.41 lbs
(6.5 0z., 185q)
Dimensions 55x25x1.2"

(14 x6.5x3.1cm)

Table 3.2 Specs of the Genasun Charge Controller

2.3.4 Energy Storage Device (Battery)

Energy storage will be executed by connecting the charge regulator to a
battery. Battery energy storage is a traditional method used to store energy,
especially in the solar power system. The purpose for an energy storage device is
to make sure that, even during extreme weather conditions, the energy that has
been stored can be easily accessible. The Republic of Panama frequently has
inclement weather, and if there is an overcast, the sun will no longer be able to
excite the solar panels to generate electricity; moreover, the output power of solar
panel is not a constant value (it change throughout the day). And also, the
temperature, isolation, shaded of other objects will influence the solar panel, too.
There are other objectives that can hinder the solar panels from attaining ideal
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sunlight on a sunny day such as: temperature, isolation, shading from other
objects, etc. A relatively stable power supply is extremely important to the
success of this project; therefore, choosing an applicable battery is very important.

Fig 3.8 Picture showing the fully integrated electrical components

Fig 3.9 Battery: Exide EP1229W 12V 7Ah Sealed Lead Acid Battery AJC-D75-A-1-159072
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This kind of lead acid battery is commonly used with power supply system. The battery
will be integrated just like in figure 3.8. In this way, we get the whole solar power system.

Exide EP1229W 12V 7Ah Sealed Lead Acid Battery AJC-D7S-A-1-159072
Voltage 12 Volt
Capacity 7Ah (7000mAh)
Chemistry Sealed Lead Acid (AGM)
Length 5.9 inches
Width 2.6 inches
Height 3.7 inches
Terminal Copper

Table 3.3 Specs of the Exide Battery

Charge Charge Charged
Volume Current Voltage

Charge at 0.1C Amp initial charge current and
2.25V/Cell Constant voltage at 20°C

, — — After 50% Discharge
Y (A) (Vieell)  ____ After 100% Discharge
Ch aI‘ged Vplume
120 0.1C |-2.4 i ,f”#rﬂ-““';f
100 —  0.08C —2.3— J(f//”
.fj[ ) f/X{ Change Vollage
80 0.06C [ 22— “-;-"_;
/) /\ (donstant 2.25\//cell)
/ /‘
60 |- 0.04c 2.1 440
// N
f ™~
40 0.02C E_Dlr - ‘\ Charhe curreht
T — _:‘--Llf_i.'_"_f at 0. 10 Amp)
2 L oc L B —
0 4 8 12 16 20 24 28
Duration of charge (Hours)
Fig 3.10 Charging Specs of the Exide Battery
Source: Exide Edge AGM Company
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2.3.5 Pasteurization

2.3.6

Although the water does not need to be purified it will, however, need to be
pasteurized. The pasteurization process is one that just raises the temperature of the
water to Kill off some microbes such as: worms, E. coli, Salmonella, Hepatitis A, etc.
As one can safely assume killing these harmful bacteria is vital for the success of this
project as a whole. Developing regions may not have a way of completing the
pasteurization process themselves; therefore, the Solar Sausage will complete this
process for them. Water can be considered pasteurized when it reaches a temperature
of 65° C. The testing of this is still being considered by the entire team of engineers.
A couple of ideas have been proposed.

To test the water, it will be drawn directly once the water is released from the
pasteurization process and a thermometer will be inserted to ensure the temperature.

Heat Exchanger

The photovoltaic panel is going to utilize a heat exchanger system that cools
down the surface temperature of the photovoltaic panel in order to increase the
efficiency of the photovoltaic cells. The heat exchanger design uses the principal
theories behind internal forced convection, where fluid in such applications is forced
to flow by a fan or pump through a tube that is sufficiently long to accomplish the
desired heat transfer.

The water will enter the system via a tank, gravity will pull the water into the
pipes. As the water flows throughout the photovoltaic panel, the fluid will collect
some heat from the photovoltaic cells. This process keeps the panels operating at their
desired temperatures which range from 25°C to 50°C. The convective heat transfer
rate of the heater exchanger system is going to be highest at the entrance region. As
the fluid flows throughout the pipeline system the convective heat transfer rate will
go down. The water flowing out from the heat exchanger comes out at a temperature
of 50°C. This will prepare the water for the pasteurization process which will occur
after the water flows out of the heat exchanger. The heat exchanger as an aluminum
outer casing which makes it a good thermal conductor. The heat from the aluminum
casing is going to be transferred to the copper pipes through a process of convection.
The heat collected by the copper pipes is then transferred to the moving water inside
the pipes through a process of conduction.

The looped design that can be seen in Figure 2a was chosen primarily due to
easier manufacturing. In this design, 6 inch holes are drilled throughout the side of the
solid piece of aluminum which can be seen in Figure 2b. After the holes have been
made, one inch by 6 inch tubes of copper will be inserted into these holes. After the
copper tubes have been placed, they will all be connected using copper elbows. After
cost and material analysis it has been determined that using a solid piece of aluminum
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and using copper for the tubing will have a relatively large cost. Price searching for
the best deal on aluminum and copper will be an important task for our team to allow
for this design to be monetarily feasible.

Length of Heat Exchanger

Figure 2: (a) Looped flow design and (b) up close look along the length of the Heat Exchanger

Cost Analysis

This design may be more expensive than the other two designs since it may need multiple
copper elbows. From analyzing the cost of this design it is estimated that there will be about 40
copper loops in the heat exchanger that will require a bit less than 60ft of copper tubing.
Assessing the price of copper tubing, it was chosen that %in copper tubing would be the used.
This would bring the price of copper needed to about $100. From sources found on the web, it
has been determined that aluminum 6061 can be bought at a price of about $1 a pound. From
analyzing the weight and dimensions of the aluminum needed, about 4001b is required.
Although, not all of the aluminum will be utilized since we will be drilling about 40, %in holes,
which brings the weight amount down to 300Ib. Since it will be possible to sell back the unused
aluminum, it brings the cost of aluminum to approximately $300. This means the total cost of the
materials needed for this heat exchanger design to $400.
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2.3.8 Pressure Regulator

The pressure regulator will need to be used in order to maintain the difference in
pressure inside the Solar Sausage. The Solar Sausage has a reflective film that separates
the device into two pressure chambers, a high pressure chamber and a low pressure
chamber. The chambers must differ by about 0.5 psi. The pressure regulator will make
sure these pressures stays near this number. The team will be using the current pressure
regulators to regulate the pressure inside the solar sausage. This system of pressure
regulators come with two manometers that will monitor the pressure inside the solar
sausage. If the solar sausage has a deficiency in pressure, more compressed air is supplied
to the solar sausage. The reverse will be done if the solar sausage is over pressurized. The
pressure regulators are made from PVC piping and have valves that monitor the flow of
air in and out of the solar sausage. The team decided to use the current design because it
is very efficient in doing its job and because of budgets constraints this seemed to be the
best option for the team.

3.Test Plans

3.1Solar Panel Test

The following test will be carried out on the solar panel to ensure the load has a sufficient amount
of power to operate correctly. Over or under powering can be detrimental to this load, and will
only be magnified once this project is scaled up to full size.

Test Item: Solar Panel Power Output

Tester Name: Jonathan Melton, XiaoXiang Gao Tester ID No: 0001
Test Date: 10/16/2014 Test No: 1

Test Time: 3:30 PM Test Type: Test
Test Location: College of Engineering Parking Lot A Test Result: Pass

Test Objective:
The objective of this test is to verify the power output of the solar panels will be sufficient to
support the load.

Test Description/Requirements:

The equipment required for this test is the solar panel, a potentiometer, and a multi-meter.
When measuring the solar panels voltage we will need to connect the solar panel to the
potentiometer, and the multi-meter will be connected in parallel with the pot. Once the proper
connection is in place then there will be a series of different resistances that will be used by the
potentiometer in order to see the voltage across the pot at a desired resistance. The different
voltages with corresponding resistances will be documented. Next we will connect the multi-meter
in series with the pot; thus, gaining a reading of the current flowing through the pot using the same
resistances that were used during the voltage tests. This will develop a nice |-V characteristic curve.
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The load that the solar panels will be powering will only use 12 volts and around 1 amp of current
when running on high, and about % of that when running on low. The max power output to run the
fan will only need to be 12 Watts.

Anticipated Results:
The output of the solar panels be 20 Watts of power. The excess can be used for energy storage
or powering a water pump if a different geographical location were to be selected.

Requirement for Success:
A power output of at least 14 Watts

Actual Results:

-V Curve
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Fig 1 i-v charerstic curve from Preliminary Solar panel testing

Some pins have dedicated features assigned to them and cannot easily be configured as either
input or output.

The solar panel had an output of well over the power needed to operate the load efficiently.
Reason for Failure:
N/A

Recommended Fix:
N/A

Other Comments:

These calculations were made relatively quickly and are not as accurate as the group would
desire; however, a second round of testing will take place in the future.
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3.2 Potable Water Test

The following test will be executed to ensure that the water coming out of the system is safe for
human consumption. This is one of the major parts of this project; therefore, selecting the
components to carry out this test will be selected very carefully.

Test Item: Water Sterilization

Tester Name: Jonathan Melton, XiaoXiang Gao Tester ID No: 0002
Test Date: TBD Test No: 2

Test Time: TBD Test Type: Test
Test Location: TBD Test Result: N/A

Test Objective:
The objective of this test is to verify that the water is properly sterilized.

Test Description/Requirements:
The equipment required for this test is a water testing kit and the water being tested. The team will
use pH strips to show that the water exiting the system is completely potable.

Anticipated Results:

Assuming that the heat exchanger brings the water to the correct high temperature, this test will
be successful. In order for water to be sterilized it must reach a temperature point where all of the
bacteria die, as long as our system reaches this temperature the water will be sterile.

Requirement for Success:
Potable drinking water.

Actual Results: TBD

Reason for Failure:
N/A

Recommended Fix:
N/A

Other Comments:
TBD
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3.3 Heat Exchanger Test

Test Item: Heat Exchanger

Tester Name: Morgan Bublitz, James Harrell, Brian Chibudu

Test Date: 2/23/15 Test No: 1.0
Test Time: 3:00 PM Test Type: Calibration Test
Test Location: CAPS Test Result: N/A

Test Objective:

The objective of this test is to verify the performance of the heat exchanger at varying heat
loads and water flow rates.

Test Description/Requirements:

In order to administer such a test it would be necessary to have the PV panel and heat
exchanger properly assembled. It would then be necessary to create a test environment where there are
several high intensity lights that could be moved at fixed distances from the heat exchanger system. It
would be beneficial to know the direct radiation being emitted on the heat exchanger so it would be
convenient to measure this using a Pyrheliometer. From there the heat exchanger would have water
flowing through it for 10-15 minutes or until a steady state has been reached. The inlet and outlet
temperatures would be measured using thermistors located directly inside the flow. The flow rate
would be measured using an inline flow meter. This procedure would be repeated for different light
intensities along with different flow rates at each intensity.

Anticipated Results:

A calibration curve could be produced with the most heat transfer at different flow rates and
intensities.

Requirement for Success:

Create a calibration curve showing the ideal flow rate versus light intensity.

Actual Results: N/A Reason for Failure: N/A Recommended Fix: N/A

Other Comments:

Test has yet to be done.
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3.4 Pressure Regulator Test
Test Item: Pressure Regulator

Tester Name: Morgan Bublitz, James Harrell, Brian Chibudu

Test Date: 2/27/15 Test No: 1.0
Test Time: 2:00 PM Test Type: Performance Test
Test Location: Keen Lab Test Result: N/A

Test Objective:

The objective of this test is to verify the performance of the pressure regulator in regards to its
capability of inflating, deflating, and maintaining proper pressure levels.

Test Description/Requirements:

1. Microcontroller Switch
2. No air leakages should be present when performing the test.

Process:

The first step of the testing is to check if the pressure regulator can maintain pressure at the
desired output. The solar sausage is going to be heated to a point where the pressure is over the desired
pressure. The top microcontroller switch should sense the increase in pressure and begin the process of
deflating the solar sausage to the desired pressure. The solar sausage is also going to be cooled down to
pressures below the desired pressure. When this occurs the bottom microcontroller switch should sense
the decrease in pressure and begin the process of inflating the solar sausage to the desired pressure.

Anticipated Results:

The pressure regulator should be able to maintain a pressure of 0.500 psi for the top
hemisphere of the solar sausage and 0.495 psi for the bottom hemisphere of the solar sausage. Both
microcontroller switches should be able to sense any changes in pressure.

Requirement for Success:

Solar sausage should be able to maintain the desired pressure at all times.

Actual Results: N/A Reason for Failure: N/A Recommended Fix: N/A

Other Comments:

Test has yet to be done.
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3.5 System Integration Test
This test will check to ensure that the full system is integrated and all components are functioning
properly. Refer to the test plans above to see what each component needs to ensure proper
functionality. This test will be carried out only once each component has passed its individual test.

Test Item: Complete System
Tester Name: Jonathan Melton, XiaoXiang Gao, James Harrell
Tester ID No: 0010

Test Date: TBD Test No: 5
Test Time: TBD Test Type: Test
Test Location: TBD Test Result: TBD

Test Objective:
The objective of this test is to verify the system is operating properly with all working components
connected.

Test Description/Requirements:

The equipment required for this test will just be the water testing kit and a thermometer. The
load will test the power output, and the water testing kit will test the water at the end. The
thermometer will be there to ensure that the water at the end of the system has cooled down to
room temperature.

Anticipated Results:
Perfectly harmonized system!

Requirement for Success:
Operational load and drinkable water.

Actual Results:

TBD

Reason for Failure:
N/A

Recommended Fix:
N/A

Other Comments:
TBD
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4. Risk Assessment
The overall risk assessment analyzes the overall functionality of the system design.
Pertaining to the sola sausage we have to factor in the electrical components and water which
an important factor in the risk of electrocution. It would be unrealistic to think that the design
team’s project proposal can be completed without any possibility of risk. Many factors can
risk the quality of the system’s output. Risks can include the following:

e Technical Risks
o Electrocution — exposure of the solar panel without following
= Probability:
e Low
= Consequences: Severe or Catastrophic
e Injury or death
= Strategy:
e To make sure there are no exposed wires throughout the system
and that every component meets IEEE standards
o Battery Life

=  Probability:

e Low
= Consequences

e Moderate
= Strategy:

e To refine the use of our energy storage techniques.

e Schedule Risks
o Optimistic Scheduling
= Probability: Moderate
e At the beginning of the project the design team was carefully
warned by Dr. Frank that the projects will have hiccups and bumps
along the way. The anticipation of something failing or going
wrong was taken into consideration; however, with that being said,
no one can predict the future and there is always the probability of
some unforeseen extenuating circumstance that could arise.
= Consequences: Severe
e The consequences of optimistic scheduling have the potential to be
catastrophic. This could cause a huge amount of time to be
consumed on the realistic circumstance. This would delay the
entire project and could cause an extreme delay in progress. If
delayed long enough it could cause the design team to not be able
to graduate.
= Strategy
e The group has designed a flexible schedule that has lighter
workloads in some weeks than others. If there is an obstacle that
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presents itself to be great, then the group can simply push other
dates back to fill the easier weeks with tasks.
o Change of Delivery Date
= Probability: Low
e The delivery date is set in stone. The conclusion of the semester is
already known; therefore, the final product has to be submitted
before that date. Moving it up may be proposed; however, the
schedule has been set to have the project completed a couple of
weeks prior to the conclusion of the semester anyway. This can be
compensated by the risk listed above.
= Consequences: High
e If the delivery date is changed then the consequences then the
consequences could play out to be relatively high. This would
cause a rift in the entire schedule if the date is moved too far back.
= Strategy
e The delivery date has been set according the conclusion of the
spring 2015 academic semester. This date has been set by Florida
A&M University and Florida State University. These dates will not
change.
o Excessive Scheduling of events
= Probability: High
e This project has already been declared as extremely difficult, and
major aspects of the project have been cut out due to the difficulty.
All of the foreseen aspects of this project have already been proven
difficult; therefore, excessively scheduling events is easy to do. All
the members of the project have ideas that go into the scheduling,
and certain people get weighed down with extreme amounts of
work that is not possible to complete.
= Consequences: Moderate
e The consequence of this would be a loss of time that could be
spent on doing more relevant and attainable things. This could be
compensated by the lack of optimism in the schedule already;
however, some things could take too much time.
= Strategy
e The group has designed a flexible schedule that has lighter
workloads in some weeks than others. If there is an obstacle that
presents itself to be great, then the group can simply push other
dates back to fill the easier weeks with tasks.
o Omissions
= Probability: Low
e Thisrisk has a very low probability of coming true. Dr. Frank
ensured that each team went through and made sure their schedule
would compensate for things like the risks mentioned above. The
plan was carefully thought out and discussed amongst the entire
group.
= Consequences: Low
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e This risk would have low impact on the overall schedule, because
like mentioned above we have scheduled time for any setbacks.
= Strategy
e Conversing with Dr. lan Winger helped clear up any
omissions. Winger helped clarify what he expects, and what he
wants improved. He informed the group of things that would be a
waste of time, and things that the group was forgetting and should
consider.
o Delay in tasks
= Probability: Moderate
e Majority of the components used on the Solar Sausage are custom
made; therefore, the group will have to go through him to recreate
the things needed to complete the project. There is very little room
for error with some of these things, so some tasks can be delayed.
= Consequences: Low
e Consequences could prolong the completion but not by much if
any at all. For example, the solar panels are custom designed solar
panels in which need to be recreated. If some unforeseen
complication happens then it would cause an extra day or two to be
needed to complete the task.
= Strategy
e Dr. Winger will be assisting the team in building all of the
necessary components. This will help keep the team on track and
ensure that everything is being built the correct way.
o Project is more complex than anticipated
= Probability: High
e Complications has already been made aware to the group. Quite a
bit of the complications have been cut from the project; however,
some complications have not been, and the schedule may need to
be altered a little to compensate for these complications.
= Consequences: Moderate
e Since some of these complications have been cut and others have
been revealed to the group the extra time gained from cutting
certain parts out of the project can be used to work harder on the
more complex parts.
= Strategy
e Working closely with Dr. Edrington and Dr. Ordonez will help
discover any major complications that would extend outside the
scope of the project, or anything that may require more time.

e Budget Risks
o Insufficient Funding
= Probability: Low
e The probability is low because most of our materials are being
donated directly from Dr. Winger. He informed the group that they
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will have more than enough materials to run all types of testing,
and prototyping.
= Consequences: High
e Although the probability of insufficient funding is low the
consequences are high. If the sponsor decides not to come out of
pocket with any more money, then the project will die. Thus
causing all other risks to come true and the project will not be
completed and the team will not graduate.
= Strategy
e To assist in overspending all purchases will be discussed by the
entire team; once an agreement is reached, the team will take the
purchase to Dr. Winger and ensure that it is necessary for the
project. Also a business student will be added to the team in the
spring semester to Summary of Risk Status
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5. Schedule — Gantt Chart

Task
Mode -

-

-

A2
A2

A

A2

A7

Lol

Task Mame

b

Milestone #1
Milestone #2
Milestone #3

Build First Sausage
Research and Design for System
Heat Exchange Testing

Design model

Calc. temp. to cool PV panels

Testing: Make sure system cools

effectively

Power Analysis
Total output measurement
Energy Storage
Design DC-AC conversion
Pressure Regulator Implementation
Calculate psi for each chamber

Design a device to read pressure

Team #2(Solar Sausage)

w | Duration
7 days
13 days
11 days
4 days
148 days
63 days

36 days
5 days

11 days
20 days
40 days
3 days

32 days

Test system at calculated pressures 5 days

Filter/ Pasteurization
Design process for pasteurization

Test temperatures the process

takes place

Determine duration of
pasteurization

Sun Tracking System
Determine placement of system
Track sun's movement in region

Create design that will follow sun

patterns

27 days

51 days
4 days
5 days
34 days

Test movement of tracking system 11 days

Water Pump

Decide on location of water (well,
surface, etc.)

Design pump to effectively bring
water to system

18 days
2 days

16 days
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Start -
wed 9/10/14
Wed 10/1/14
Thu 10/30/14
Tue 9/9/14
wed 10/1/14
Mon 11/17/14

Milestone #4 Report

Finish -
Thu 9/18/14
Fri10/17/14
Thu 11/13/14
Frig/12/14
Fri4/24/15
Wed 2/11/15

Wed 11/26/14 Wed 1/14/15

Wed 11/26/14
Tue 12/2/14
Thu 12/18/14
Fri 11/28/14
Fri 11/28/14
Tue 12/2/14
wed 1/14/15
Mon 3/16/15

Wed 1/7/15

Wed 1/7/15

Mon 1/12/15
Fri 1/16/15

Wed 3/4/15
Tue 3/10/15
Tue 3/10/15

Thu 3/12/15

Tue 12/2/14
Tue 12/16/14
Wed 1/14/15
Thu 12215
Tue 12/2/14
Wed 1/14/15
Tue 1/20/15
Tue 42115

Wed 3/18/15
Mon 1/12/15
Fri 1/16/15
Wed 3/4/15

Wed 3/18/15
Thu 4/2/15
Wed 3/11/15

Thu 4/2/15

10/15/14
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Yearly Gantt Chart- Visual

Sep ‘14 Ot "14 MNov ‘14 Dec’l4 Jan'15 Feb '15 Mar '15 Apr’ls
31 7 14 2 28 5 12 1% % 2 9 16 23 30 7 14 21 2% 4 11 18 25 1 & 15 221 & 15 22 29 5 12 19

— —
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6. Budget Estimate

Team #2(Solar Sausage)

Milestone #4 Report

A. Personnel
Engineer S/hour | hriweek #w eeks Total Payv
Jimmy Smith 30 12 32 511,520.00
Aileen Ulm 30 12 32 511,520.00
XMiaoxiang Gao 30 12 32 511.520.00
Jonathan Melton 30 12 32 511,520.00
Morgan Bublitz 30 12 32 511,520.00
James Harrell 30 12 32 511,520.00
Madanha Chibudu 30 12 32 511,520.00
Subtotal 580.640.00
B. Fringe Benefits 29% $23,385.60
C. Total Personnel $104,025.60
D. Expense
Quantity| Cost Total
Inverter 1 5160.00 5160.00
Charge Regulator 1 380.00 580.00
Fuse 2 $2.50 $5.00
Batteries 1 5200.00 5200.00
Water Pump 1 $300.00 5300.00
Jet pump 1 $220.00 $220.00
Pressure Gauge 1 5150.00 $150.00
Expense Total 51.115.00
Total Direct Costs | $105,140.60
Overhead Costs | 45% of Total Direct | $47.313.27

Total OCO

5152.453.87

7. Conclusion

This document shows the updates that the design team has decided upon for the
Solar Sausage system. The team has considered and implemented many of the thoughts
shared to them via the faculty advisors. The system produced will prove to be more
reasonable and efficient than the initial design created at the beginning of the project.
This report will verify that the Solar Sausage team is moving forward with the design
process at an acceptable speed, at this rate the project will be able to be completed during
the year long deadline. This project is great for society as a whole, producing cheap
electricity and potable water; the design team is looking for the most efficient way to
complete this design project while keeping it simple.
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