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EXECUTIVE SUMMARY

Accomplishing our major goal of improving overadirformance proved to be a success as we
brought home our highest rank of third place sarfé&009 Solar Splash event. For the 2009
Solar Splash event we concentrated on hull impre@rgsand alterations as well as motor
configuration. Both of these major design enharer@mhelped us having much better overall
results. We felt concentrating on maximizing oawpr performance and the efficiency will be
the key to really utilizing all the aspects of @uevious improvements.

Concentration on both the mechanical and electsigstems was executed during the 2009-2010
academic year. Mechanically, our main focus wadsrdgning an optimum propeller design to
provide desirable efficiency and a preferred penfamce. Designing and machining of various
blades were performed. Testing and analysis anglmempleted on the blades to determine
which specific blade will be most beneficial forr@application. We also concentrated on the
performance our rudder and skeg. With the rudddrskeg, we were aiming for an
improvement in the maneuverability. This was aebtkby testing multiple theories and designs
to determine which one provided the best outconderms of the overall electrical system
improvement, our goals for the 2010 project arerowpment in the control circuit, telemetry
system enhancement, maximum power point trackingKIV), and the efficiency of electrical
connections. We are striving for a more user ttigiand advanced control circuit to allow all
operations to be performed internally. The teleyngystem will allow us to collect precise and
valuable data for analysis of tests, and analyflsiaaes. This system would allow us to monitor
conditions during all times while the boat is opigrg. It also will allow us to transfer the data
immediately so during an endurance race we cathgegata being monitored in real-time and
strategize our speed accordingly. The MPPT isa gioours as well which will allow us to

utilize our solar panel array to its full capal@g. This will also allow us to improve our
endurance performance immensely by maintainingoattery voltage at the desired value of 36
volts. Our electrical connections were acquiriegtiosses and by increasing the size of cables
and making tighter connections we expect improvadiopmance. These advancements not only
look closely at each aspect of the boat but alsbeaboats performance as a whole. By
concentrating on a range of variables this yearplae to minimize all power losses greater than
what it has been previously achieved.

All of the proposed advancements were applied tdudlability, and those that have not been
fully completed are still in progress and we arevistg to finish them for the 2010 competition.
The aforementioned advancements still allow ustpkweight and system performance in mind
while offering a reliable, more complete designeldisboat for the 2010 solar splash
competition.
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. CURRENT DESIGN

Problem definition:

Accomplishing our goals for improving our ovenadrformance proved to be a success at
the 2009 Solar Splash. We placed third overalicivis our highest finish. For the 2009 Solar
Splash we concentrated on hull improvements ardagibns as well as motor configuration and
machining a variable pitched propeller. The matarfiguration consisted of an all new
mounting system for both sprint and endurance gorditions as well as designing and
machining new gears. Both configurations are diggdl in Figure 1 below. Concentrating on
these main elements brought us immense resultgird=R illustrates two images of our
accomplishments for the 2009 competition.

Mlounting bracket with machined slits to
allow motor to move up and down

Figure 1: Top view is the endurance motor confijareand drive train
design. The bottom view is the sprint configunatémd drive train
design implemented for the 2009 race and will rée@ over to the
2010 competition as well.
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Figure 2:Left: Variable pitch propeller used during 2009 &dbplash.
Right: Gears modeled and designed by team membets awn
facilities on campus.

Figure 3:0n the left is a picture of the 2008 hull which diot have any
strakes. The photo on the right is the 2009 tading at Solar Splash
with strakes added. From these different angeis clear that the water

does not get displayed as far once strakes wedadd

The propeller and gears were very beneficial topguformance. The strakes added to
the bottom of the hull were also a great advancémale to our solar boat for the 2009
competition. Figure 3 shows a comparison of odirvaith and without strakes. The
improvement the strakes made is tremendous asd/éry visible when comparing pictures or
videos of performances with and without strakes.

For the 2010 competition we believe concentratingnaximizing our performance and
the overall efficiency will be the key to utilizirall the aspects of our previous improvements.
Our boat performance is very desirable, but itreasn for improvement. Our vision is to
increase the speed and efficiency of our boat bgtimaking mechanical and electrical
modifications and additions.



Design Requirements

Increasing our efficiency mechanically is goingequire more testing and research to
find the right designs that will work well with éaother. We now have a variable pitched prop,
but finding the right pitch and best fit designtioé blades is a challenge we will undertake for
the 2010 Solar Splash event. With the slalom saltked to the competition our boat needs to
improve its maneuverability and by modifying thelder and skeg we plan to accomplish this.
The rest of our mechanical system has satisfieegwpectations, so the motor configurations and
drive train design will stay consistent with lasys.

Our electrical system will require some updating anodifying as well. The control
circuit will be a focal point for the 2010 seas@weell as our telemetry system. To help
improve loss of power we will be researching andlifying our electrical connections to the
batteries to decrease the heat and power lossasavwirrently having. Our solar panels proved
to be very efficient for the 2009 competition, wdren’t being fully utilized for the endurance
race. A maximum power point tracking system (MP®ill) be a goal of ours for the 2010
competition as well. We have aimed for this pregly and have had some success, but still
have a lot of work to do before it is working prdye

There are a lot of goals we would like to accostplihis year. Our boat has not reached
its design speed limits and we will strive to red@sHimits for the 2010 Solar Splash
competition. If we succeed with our goals and rficdliions mechanically and electrically, we
believe this year our boat performance will basamaximum.

[I. DESIGN CONCEPTS

Mechanical Improvements

Our mechanical system improved tremendously leat with all new motor
configurations, a variable pitch propeller, and ré@=gigns of gears and belts. Although all these
improvements were made we still have goals thaangestriving for mechanically to further
improve our system as a whole.

Propeller. Our variable pitch propeller has met our inig&pectations. It brought us great
results and educational experiences for the 20@8%ettion. Our propeller blades were close
duplicates of the non-variable pitch prop we uselipusly. We chose that design because we
knew it gave us a preferred performance, but watt@xperiment with the pitch of the blades.
Our boat was seeing a large percentage of sliyéstand by researching and testing various
prop blades we believe this percentage can belgatreased. Our telemetry system allowed
us to evaluate the performance and analyze the mnodslip. An undesired amount was visible
and determined that changes need to be made &asethe efficiency of the prop. Figure 4
shows a chart displaying the slip percentage & pitch prop. Now that we have achieved the
variable pitch propeller we want to push it furthgrdecreasing the slip and power losses.
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Figure 4: Slip results from the 2009 Endurance witie a prop pitch of
15 (inches per rotation). The prop used attainkiglaer percentage of
slippage than preferred. We desire the slip tatt80% or less.

There are many factors that go into designintpddy With the specific needs we have for our
boat it is hard to determine what type of bladd offler us most or all of the various aspects are
aspire for. The size and thickness of the blagiésh of the blades and resistance are all playing
a role in the performance of the propeller. Taedwine the best fit blade design for our
application we will be researching and designindtiple blades as well as performing flow
analysis for proper data to make an educated csiociu After extensive testing we will be able
to decipher which blade gave us the overall degpertbrmance we are aiming for.

Rudder/Skeg. Along with the prop comes the rudder. We willrbsearching the science and
design of rudders to gain a better understandirtgesf design concepts. After learning more
about their appropriate shape and size as welbsiign according to the prop and hull, we will
design a number of different variations to testir @oat has a very difficult challenge to be able
to go fast, slow for a long period, turn sharplyd atay light weight. These conditions make
finding the right designs for mechanical parts allemge. After testing the different rudders we
plan to choose the best one that showed us toprpeice compared with the rest. If we find
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that more than one rudder gave us desired resaligilvredesign a rudder that implements
elements of the top rudders and repeat the sanhgsenan the new rudder to see how the results
compare. Decreasing our time and radius of makiB8§0 degree turn is our main goal with the
rudder. The slalom was added to the competiti@hsanbeing able to turn sharply at a high
speed is desirable. With more testing and resedonb on both the prop and the rudder we plan
to decrease slip, increase speed and improve marahikty.

Electrical Improvements

Enhancements to our electrical system includedhewing: control circuit modifications, more
advanced telemetry system, MPPT implementation deedeasing power losses present in our
battery connections. Our vision is that our syst@thincrease its efficiency tremendously and
improve overall performance of the boat with aligh aspects being designed, rebuilt, or
modified.

Control Circuit. Our current control circuit serves it purpose, ibig our goal to
advance this circuit. It currently includes a deaans switch, power to the motor controller
switch, contactors switch and a throttle to continel speed as shown in Figure 5 below. The
board it is mounted to is not easily comprehendedrboutsider. We would like to keep all of
these main features in the circuit, add more ankkentaeasy to understand for an outsider.

Figure 5: Both pictures above show the simple fofrthne control circuit
that is put in place temporarily to allow testingoe accomplished until
the new proposed circuit is complete.



electrical engineering

To accomplish these features we will be redesigtiiegpanel it is mounted to with LEDs and
switches that are labeled properly and clearlyt tRe circuit itself we will be adding multiple
voltage regulators that will control when the camtas will engage, determine if the auxiliary
batteries are too low, and regulate power to thamps in the circuit. The circuit will contain
comparators for the low battery and contactor aspafche circuit. For better clarity and ease
for the operator of the boat there will be threeDisE One will signal if the auxiliary batteries are
low while the other two will be indicator lightsgsialing when the motor controller and
contactors have power. These lights will not dmyp the operator understand the system, but
also help prevent mishaps and assist with troublshg.

Telemetry System. Data is very valuable when it comes to a prdjeat consists of a lot
of testing and researching to learn and determineessful design elements for the application.
Our goal for the telemetry system is to collecuahlle and precise data that can allow us to gain
significant knowledge from our test drives. Ousteyn will be designed to accurately monitor
propeller rpm, motor current, battery voltage, sckll output voltage, and boat speed. This
telemetry system will allow us to accurately evédu@st runs in a precise manner so conclusions
can be based on trusted data.

Maximum Power Point Tracking (MPPT). Implementing the MPPT will help regulate
the use of the solar panels during the endurarcee larom data we have collected, it is apparent
that our panels aren’t recharging the batteries tn& batteries are almost dead. Figure 6
illustrates that the batteries drop in overall agh before the panels begin to charge them, which
means the solar power being generated is not ggitoperly implemented into the circuit as
preferred. Once the panels begin recharging ttteries, a lot of power is required to maintain
the desired voltage and they are not able to Kesgfthhe maximum desired value of 36 Volts.
This causes the boat to slow down before it isa@tpl the solar power brought in by the sun
lights.

10
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Figure 6: Time (x-axis) and voltage/wattage (y-pstmtistics for the
2009 endurance race. The battery voltage (Ba#t\desired to be a
straight line that holds a near consistent vollagel of 36 Volts.

With the MPPT boost controller in place the salagy is envisioned to be fully utilized
from start to finish of the race. To keep the spknel array below 52 Volts in open circuit
conditions, a 24 Volts solar system was introdudéxt boost controller will accommodate the
difference to supply 36 Volts to our motors to teataximum efficiency from the motors. The
boost controller will be capable of reading inpntlautput voltage and current values and by
using a sweeping algorithm the controller will ldeato determine the maximum power point.
Using a light sensing concept we will be able taenarecisely predict the peak value. This
design is extremely beneficial on a partly cloudypwercast day when sun light is fluctuating.
By incorporating a microprocessor in the desigpuiright range and cell temperature are sent
to the microprocessor and the boost controller belable to produce a desired wattage.
Previously we have experienced a significant probhgth maintaining a constant panel voltage
throughout the event and with this extensive desigmplan to eliminate this issue.

Electrical Connections. Losses have been seen in our system throughradgiata and
heat loss that is apparent after running a spaice.r To cut these losses we have checked
connections and determined what connections négatiah and modifying. Our connection to
the batteries is where heat loss is noticeableatbas of concern are pointed out as shown in
Figure 7.

11
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Figure 7: Motor connections for the sprint configfion. The
connections in the dotted box are the connectibosmcern. They
produce unwanted heat losses.

UNI team members plan to decrease power lossesibyg a larger wire connected from the bus
bar to the battery. Machining new terminals toret the batteries together will help decrease
our losses as well. The terminals will need tadpered at the same degree that the terminals are
tapered and the amount of extra material will lssdémed.

[ll.  DESIGN DESCRIPTION

Mechanical Improvements

To reach the best possible outcome for our mechhsystem extensive research and
testing were performed. There are many aspedis tmnsidered with each specific design as
well as the mechanical system as a whole. Innexakesigns will be implemented and
examined to reach our goal of obtaining optimunigrarances.

Propeller. After determining improvements need to be madsutocurrent prop design
we proceeded to speak to mentors and read whitdssteeincrease our knowledge and
understanding of what is best for our unique apgihe. We began developing ideas for our

12



redesign samples based on the research we hadateddund the date collected through

the telemetry. Several new prop designs are pratithceugh the use of SolidWorks™ shown in
Figures 8-10. With the machining capabilities &tlunanufacturing laboratories, we were able
to produce all our new design samples in houseyiN@gblades designed and machined will
allow testing to be accomplished and conclusiorsetanade of possible beneficial aspects of
design that will improve our performance. The r@aps material makeup will be aluminum, to
provide a lighter weight prop and allow us to keep dynamic design characteristics consistent.

Figure 8: Blade design 1, a near replica of thedlased for the 2009
Solar Splash event.

13
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Figure 9: Second blade design that is a new desghaven't
experienced in the past. A more pointed bladeasured in this design.

Figure 10: Blade design 3 has different shape tyie than any we have
used before, but resembles blades we have resdanbdeseems to be a
popular design for certain applications that maglafo ours.

14



Rudder/skeq. Research allowed us to brainstorm a variety ofiag rudder designs to be
implemented for testing. We machined three vararsgns of rudders; a member of our team
is shown below in Figure 11 machining a rudder.alming our completed research we
concluded designing a rudder is meant for speeslfancontrol, and one that is a creation of our
own that we believe will be beneficial for our soteat application will offer sufficient test
results.

Figure 11: Our recently recruited team member,mid® is machining a
rudder design to be tested and analyzed for itgyatn increase our
maneuverability.

To assist the boat in maneuverability and coineidh the prop, we adjusted the location
of the skeg. Research and small scale testingdrasnced us the skeg needed to be moved
further back on the boat. We believe the skegtaadar forward and wasn’t giving us the
maneuverability control we need. We will use tame design and relocate the skeg to be under
the skipper which is closer to the center poinvefght and will predictably allow it to have
more of an effect on controlling the boat.

15
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Electrical Improvements

We are striving to make our electrical system mieti@ble and efficient in 2010 events.
A number of aspects are to be considered whenmdpaith solar power and an electrical system
that maximizes the use of solar energy. To imprweelectrical system our objective is to
make adjustments to or create a control circuitPMBystem, telemetry and data system, and
also advancements to our electrical connections.

Control Circuit. To design the control circuit we started with gplest circuit which
was shown in Figure on page. This circuit waslatg temporarily so we could test the boat
while working on improving the control circuit. @hproposed improved design will include
indicator LED’s and voltage regulators to makedperation of the contactors not only safer but
also automatic and controlled by the circuit ing#ln The PCB schematic created for the
proposed control circuit is displayed in Figure TBis PCB is projected to be fully implemented
once proper testing of the circuit is completed eeslilts meet expectations.

Figure 12: The printed circuit board version of gneposed control
circuit with all aspects desired present.

Telemetry System. The telemetry system we are using this year KRR200
RS232/RS485 based “Serial Data Acquisition Intexfas shown in Figure 13. It collects data
from the vital areas of the boat. These areas diecpropeller rpm, motor current, battery

16



voltage, solar cell output voltage, as well as spated. The data is then transmitted using a
serial transceiver and processed on land usinghktinstruments (NI) LabView™ software.
Last year we were able to obtain speed and rpnesalith the telemetry system, so this year we
are aiming to use the increased data to aid irendurance strategy. We will also be able to use
this system to analyze aspects of testing to altovproper conclusions to be determined.

Figure 13:ADR200 RS232/RS485 Serial Data Acquisition
Interface used to implement our telemetry system.

Maximum Power Point Tracking. To properly implement the MPPT a lot of testing a
the lab bench will need to be performed. Commuiunsbetween the ADC and microprocessor
needs to be tested and debugged if necessaryreHigus a set up test we performed to
experiment with the communication of the micropssms and the Analog-digital-converter.

Figure 14: ADC on a bread board in the lab whilef@rogrammed and
testing its different functions and compatibilitythe microprocessor.

17



A printed circuit board has been designed usinB R@ist and assembled in our labs at
UNI by our team members with an emphasis in thetedal field. This PCB circuit assembled
is shown in Figure 15. The students are captu@tting on the implementation of the MPPT in
Figure 16. The intricate circuitry involved withi$ application involves the proper
programming. We used the SX48 Proto Board, as showigure 17, to program our circuit
and test the communication and proper implememtatfadhe ADC and the microprocessor.

Figure 15: Our innovative PCB for the MPPT applimatassembled by
our members in the facilities provided to us at UNI

Figure 16: 2010 team members working in the lakesting the MPPT
and soldering the circuit board.

18



Figure 17: Parallax SX 48 Proto type board whidbved programming
through a programming chip through the microprooeasd wired
connections are made to the circuit.

The learning process involved with creating thistegn is very valuable to all members. The
system is complex and will require extensive practind understanding to fully grasp the proper
implementation of such an advanced system.

Electrical Connections. We desire a decrease in power loss from outryatte
connections. To achieve this we used the knowlgageed from our classes and advice from
experienced peers to determine that a 4 GA 600nating cable would improve our losses and
be a suitable match for our application. Also re@mnectors will be designed that create a
closer and more reliable connection. The connestan the battery terminals will be machined
so they will disconnect from the buss but the datoanector will stay attached to the battery
terminals; this will help prevent wearing of thenoectors.

IV. DESIGN EVALUATION

Mechanical Improvements

Propeller. Machining of the propeller blades is underway emiial results of these are
seen in Figure 18. All the machining is being coetgd at our facilities here on campus. Figure
19 shows a member using the CNC to machine theebla@ur testing procedures for the
propeller blades will be calculating our slippagaletermine which blade gives us the minimum
percentage of slip. If the boat achieves the sanbetter maximum speed, slippage, and time it
takes to reach maximum speed, and reduction iendpspeed drop off. These are all things that
we must be aware of when testing the new desiftise ldesigns prove to be better in most or all

19



areas identified they will be considered a succdsss will be accomplished by setting up our
telemetry system and keeping all variables constaci as batteries, skipper, etc. The only
variable will be the prop. Conclusions will be wraand the blade design with optimum
outcomes will be selected.

Figure 18: Snapshots of a few blades that have imeehined by team
members at our facilities at the university.

Figure 19: Team member, Tony, in the process ohimatg our various
blade designs on the CNC machine located at UNlufiaaturing lab.

Rudder/skeq. Our varying designs of rudders provided us veifgent results that
were extremely useful. The testing was done irdvgipeed values of 15mph to really see how
the different design options could control the boagxtreme conditions. Figure 20 shows the
first rudder design tested. Its material makesujpam and fiberglass, and is a near replica of

20
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our previously used rudder. The new rudder desiginicker than the aluminum one used
previously, but has the same square shape withrdemladges. A lot of vibration and lack of
control were experienced when testing this des@ynslow speeds it turned the boat at a smaller
radius than at higher speeds. Making right angi#s this rudder was successful at slower
speeds than those preferred. A complete circlensapossible while keeping the radius in a
desired range.

Figure 20: First rudder tested. Its composit®foam and fiberglass
which was beneficial because of its minimal weight.

The second rudder tested is the design sample simokigure 21. The vibrations were
decreased tremendously and a better control wasdaiAt a higher speed, a complete circle
was made in a desirable radius. Turns at slonegdgphad a greatly smaller radius compared
with the first rudder tested.

Figure 21: Second rudder tested which provideditis sought-after
results. Its material make up is aluminum.

21



The last design tested as shown in Figure 22, gayeeferred results that were comparable to
the second rudder. This design had a lot morese$pace which means more resistance. The
control of the boat was great when testing a figaight and complete circles. The minimum
radius of this rudder was very comparable to ttigh® second rudder. The second and third
rudder designs in Figures 21-22 gave us most abtairasults. A final blade is proposed to be
designed and machined. We will test it under simgbnditions if possible and compare results
with the previous three designs. This blade vathbine elements of the two successful blades
to determine if we can improve our overall perfonteeven more.

Figure 22: Third rudder design machined out of atwm and tested. Its
results were desirable.

Our overall analysis of the skeg is concluded thatskeg is most successful under the skipper’s
seat and the current size and shape are sufficeour application and they do not create much
undesired resistance, but improve control of thet.bo

Electrical Improvements

Control Circuit. We have fully and successfully implemented tiepse form of this
circuit as seen earlier in Figure 5, but are culyarontinuing to strive for the proposed
advanced and improved circuit that was shown inifegd.2. Troubleshooting has been
performed and slight modifications made. A fin@&lB’design is intended to be created and fully
implemented for the 2010 competition. The PCB fdlp with clutter and unneeded bulkiness.

22



Telemetry System . The telemetry system has been programmed andileeviully
testing it during our next test drives. We haverbable to debug the system and believe it is
going to be a success and will meet our expecta@onl propositions. By performing multiple
tests on the boat we will be able to determine tdredr not the data being monitored is
reasonable.

Maximum Power Point Tracking. We have learned a lot from striving to implement
this system. There are a lot of factors involved a lot of testing that still needs to be
completed before the system is fully operatingxaeeted. We plan to put in a lot of time with
this system and gain feedback and results fronbdaizh testing that will help lead us to the
complete implementation.

Electrical Connections. New battery connections have been machined caiuafinum
and proven to obtain less heat. However theystidw signs that they could be further improved
yet. There is still some heat being displaced aomuch less significant amount than before.
The larger wires selected have been implemented wilV be performing tests to determine
whether they are a step up from our previous carorec We will test for heat loss under a
large load and loss of power in the system by amadydata from the MPPT circuit.

23



V. CONCLUSION AND RECOMMENDATIONS

Design and construction of a solar-electric boat @mpeting in an international event to
promote clean and zero-emission boating technadduyp@e been an excellent learning
experience for all UNI Solar boat members. Incoaging our knowledge gained in classrooms
and applying those theoretical ideas to an appiegect has allowed us to learn how to work as
a team to solve problems that do not arise frorarétecal concepts.

Advancements and improvements accomplished thiswéallow for the UNI Team to excel
once again in the Solar Splash competition. Ctigrewe still have some great achievements we
are striving to meet for the 2010 competition whiah assist in our success. Focusing on
improvements year by year as well as incorporatiegs to be further addressed in the future
will allow for future team members to expand idaad continue to succeed. The leadership we
gain from working on such a team to achieve sustacked and intricate goals has allowed us
all to grow as a team as well as individually.

The UNI Solar Boat has gained an excellent publiaraness in the Cedar Valley area through a
number of media coverage. The UNI team hopes taragmimproving in the rankings at this
year’s competition and can benefit from the longrisaf preparation during the 2009-2010
academic year. UNI Solar Boat team members strdvgjigve that engineering and engineering
technology programs should be encouraged to incatpoenewable energy based senior
projects into their curriculum to promote eco-fidgnenergy technologies for a brighter future
for later generations. Many interested local amlomal, private or public elementary, junior
high, and high school students and teachers haitedithis project in the last eight years. To
promote the knowledge to younger students, a nuwifiteurs have been given throughout the
year at the UNI solar boat design and testing kafooy to raise awareness of incoming
generations.

The UNI Solar Electric Boat project has also ineseghawareness of Science, Engineering,
Technology, and Mathematics (STEM) among young lwwahose families are mostly dealing
with agriculture. There is no doubt that studextuitment has already been impacted
positively.

One of the major positive impacts of UNI solar éliegroject is to our ABET-TAC

accreditation efforts during 2009-10 academic yeaNovember 2009, ABET team members
visited UNI campus as part of accreditation effaftthe EET program. ABET Team members
were impressed with students’ involvement at thd Eiar electric boat development as well as
observing their progressive success stories ilsthar Splash events. Their report included very
positive findings on continuous involvement in thigracurricular activity project due to strong
support to the STEM education.
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VI. ACKNOWLEDGMENTS

The UNI Solar Panther Team members greatly apgee2@09-2010 major sponsor, lowa
Energy Center (IEC), for continuous support anggatogrant that has helped extend project for
future years. 2010 team leader Miss Hannah Loars$tablished effective team work
throughout the academic year to achieve specibept goals. All team members helped in the
overall boat development while still working in sgie areas to enhance the overall
performance.

Senior Tony Wagner has shown incredible effortsastdevements in the manufacturing and
mechanical design concepts including prototypeatdal product implementations as he has
done in 2009. Juniors Hannah Loan, Damon KnowlDayid Buseman, and Sophomore Justin
Chu have worked on MPPT design, telemetry, soistesn enhancement, and overall electrical
system enhancement this year. Our new membeérgakar Audu and Thomas Mason have
been busy to learn about the project and help ahras possible. In fact their project
involvement was very important and Thomas usednaisufacturing design background very
well to help the project to be successful. Thepezience this year will help them in the future
design and competitions. Our UNI Solar Electric Badustrial advisory board members, Mr.
Michael Boomer and Mr. Douglas Bechthold are gyeagipreciated for their wonderful and
continuous support towards the project developnmiErgir mentorship has been very important
for the incoming team members.

We also recognize Dean of combined Colleges ofitdhScience and Humanity and Fine Arts,
Dr. Joel Haack, for his continuous support and aragement for this important STEM project.
We thank Dean Haack, lowa Space Grant ConsortiumBart Bergquist, Interim Head of the
Department of Industrial Technology, Dr. Recayi R€ecen, faculty advisor and coordinator
of the Electrical Engineering Technology Progrard Bhof the eBoat Project. We thank to the
Solar SplashOrganization for establishing and arranging thisiderful competition as an
excellent learning experience for EET and MET stisléWe thank to Solid Works Inc. for their
software support to the project. We thank to AdeahCircuits for their partial sponsorship for
our custom PCB needs.

We also thank to Dr. Gloria Gibson, UNI Executivie&/President and Provost, for her generous
travel support through the Intercollegiate AcadeRuading (IAF). We greatly appreciate UNI
Manufacturing Technology Program Coordinator DiotEGiese, staff member Mr. Jeff Rose,
Metal Casting Laboratory and Material Testing Reske students Mr. Gary Foster, and Mr.
Thomas Mason for their excellent support, and maotk to the project for their guidance and
help on CAD, manufacturing, material science arglicg issues. Manufacturing lab technician,
Mr. Tim Earles is greatly appreciated for his contius support to the team members.
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Appendix A: Battery Documentation/MSDS Information

This appendix includes datasheets, specificatiamd MSDS documents for all the
batteries used during competition. Also includedome data collected from charging the power
sonic endurance batteries with our solar panels.
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MSDS Information for the PowerSonic Batteries
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Table 1: Graph of three endurance batteries bédiagged by our solar panel array.
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Sprint Batteries:
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Appendix B: Floatation Calculations
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Appendix C: Proof of Insurance - 2010
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Appendix D: Solar PV Data Sheets
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Specifications and technical data  http://www.gchermann.com/  Germany

Gochermann Solar Technology

Am Meierhof 36

D-25488 Holm

Germany

Phone: +49 - 4103 - 843 56 Fax: +49 - 4103 -9561

Based on high efficient solar cells we manufactughest efficient solar modules in a world
leading technology. We manufacture modules witlgadte efficiency using standard solar
cells, too. Depending on the cell type and theaesponding array concept and layout a range of
standard attributes is offered.

module size: up to 500 mm (+/- 0.1 mm) x 1000 mmMHL mm)
module thickness: 0.8 - 1.3 mm (+/- 0.1 mm)
weight per area ratio: 1.0 - 1.4 kg/m?2
power per area ratio: 140 - 190 W/m?2 (at AM 1.5 sadiation 1 kW/m?; 25 °C)
module efficiency: 14-21%
(ask for better values)

World innovation: a micro structured surface results in a non reéfleanodule with an increase
of power output of about 4 % rel.
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Gochermann
Solar Technology

Development and Production of High Performance Solar Arrays Limited & Co. KG.
Gochermann Solar Technology, Ltd & Co KG
Am Meierhof 36 Am Meierhof 36, D - 25488 Holm, Germany D-25488 Holm

Phone +49 4103-84356  Fax. 49#4103-16197

hans@gochermann.com www.gochermann.com

University of Northern lowa

Kyle Ross, PV Cell Contact Person at UNI eBoatgubj
Industrial Technology Center 25

UNI Solar Boat Team

0178 Cedar Falls IA 50614 Wedel, Fed", 12009
United States

Delivery Note No. 03-02/09: Manufacturing of a Prtotype Solar Array
Your P.O. 82607 from 06-Feb-2009

Pos. 1: 360 Solar cells in modules laminated
Pos. 2: Special acrylic foam tape for module bogdi

Pro forma Invoice for customs purposes only
Customs Value: EUR 3.500, -

Amtsgericht Pinneberg, HRA 4608

Tax No.: 13 281 01752
VAT Id. No.: DE 814098201

Production Centre:
FeldstraBe 170
D-22880 Wedel

Gochermann Solar Technology Ltd Phone: +49 4103 904488
Director: Hans H. Gochermann Fax:  +49 4103 904490
39/40 Calthorp Road, Bank: Hamburger Sparkasse
B151TS Birmingham UK IBAN No DE
642005055013731234 11
Registered in Cardiff Account: 1373123411, BLZ:
20050550
Company No. 5097922 BIC / SWIFT Code: HASP DE HH XX
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Appendix E: Objectives of Solar Electric Boat Deviepment in lowa
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WHY DO WE DEVELOP SOLAR ELECTRIC BOATS AND PROMOTE
PARTICULARLY IN THE STATE OF IOWA?

Throughout the United States, the purity of ar&adastreams, and rivers provide residents with
clean water, a vital natural resource for humalesjtp, and animals. The state of lowa is also
dependent on water, and eastern lowa’s Cedar Rreerdes an important link between human
need and the natural ecosystem. lowans dependisp&con clean water for agricultural,
recreational, and nutritional reasons, as welbasife sustenance of natural wildlife.

The purity of lowa’s water has been drasticallyrdelgd due to the pollution of agricultural
chemicals and fossil fuels particularly oil and gaésgposed by many types of boats on a number
rivers in lowa. Reduction of these pollutants ool in the Cedar River, but also in all of
lowa’s rivers, lakes, and streams, is crucial ®l#sting quality of the state’s water. The lowa
River is ranked third on a list of the most endaadeivers in the nation, according to a report
released on April 18, 2007. The advocacy groupeAran River, released the report, which
cited toxins, nitrates, and untreated sewage aseds®ns for the pollution that put the lowa
River on the list. It's the first time an lowa nweas included on the list. The savior of much of
the country’s ecological systems may be the comtghdevelopment of simple yet effective
zero-emission solar-powered as well as hybrid boats

Worldwide there are more than 20 million boats &g 10 million of them are in the USA.
Worldwide from average pleasure boats 236,000 mttnis of oil & oil products everyday year
is leaked into the water, equivalent to more thé&htimes the amount spilled by the Exxon
Valdez in Alaska in 1989.

Most of lowans are aware of agricultural pollutionowa's lakes and rivers; however, oil and
gas leaks particularly from two-stroke engineshia boats also require developing eco-friendly
boat technologies such as solar-powered boats.pfbjsct aims to develop and promote a
ZERO EMISSION eco-friendly boat for lowa lakes &eis!

The everyday use of these technological innovatiomsace of traditional methods of water
transportation will result in a nearly pollutiore& environment, capable of sustaining healthy
wildlife. Solar boats also have the potentialitbia the reduction of shore erosion in highly
populated bodies of water. Constructed of lighgliefiberglass, solar boats have greater
buoyancy than heavier, traditional boats, whickmftreate large waves that slam into shore.

UNI Solar Electric Boat Research and Development ([B) has been a significant asset for
many years for promoting science, technology, esging, and mathematics among young
lowans whose parents traditionally have been fasmiris project has helped EET program
recruitment in many positive ways and we are vegited to host the World Championship on
Solar Electric Boating in June 2011 in lowa.
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