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EXECUTIVE SUMMARY

The current University of Northern lowa boat teaamied to create a realistic, solar
charged, electrically powered boat that could laglitg produced and practical to
operate. Many of the boats competing in Solar Sp&e narrow, canoe-like crafts that
will not serve to carry much more than one persbhe consumer must see a practical
application of the solar-electric boats to builgpsort for the commercial development
and replacement of current gas powered boats.

This year’s design builds on the strengths of theseksity of Northern lowa’s previous
hull. Boat number 9 was very stable, easy to cbréind did not have any mechanical
and electrical failures. The new modifications trerthance the boat’s usability and
contribute to real performance improvements to destrate the practicality of solar-
electric boats.

Several areas of the previous design need to hessit to improve the boat for Panther
2006. First, the power has to be increased. Sk@8ystem needs to be developed to
allow the driver full lift and tilt control of thenotor assembly. Third, the leading edge
of each sponson needs to be sharpened. Forth, dmear's console with added
instrumentation and control needs to be developed.

The first requirement for the new boat was incrdgsmaver. The single E-tek motor was
not enough to push the boat fast enough for thetdnplane. The other issue with the
electric motor was that it does not turn fast efotagspin the propeller at the same rate
of gas engine. This leads to poor performanceusecd is not turning at the designed
rpm values.

To spin the propeller at the same rpm of the gamenthe shaft must turn twice the
speed of the electric motor. Now it will requirde the torque from the electric motor

to spin to its top speed. Adding a second motdirdsuble the input torque applied to

the shaft. However, the team chose to use three Retor PMG-132 dc motors. The
PMG-132 is very similar to the E-Tek motor excdyattit has a greater torque output at
the same voltage. Now there will be three timesgbwer input to the shaft and a greater
increase in torque than just a compensation footteedrive. Concerns were raised
about the batteries and delivering the energyedaththree motors. After careful
consideration, it was felt that for a very shortation, the batteries would be able to
supply enough and reliable electrical power torttotors to run in the sprint race.

A single Briggs and Stratton E-Tek dc motor willldte used to run the endurance race
due to its slightly greater efficiency and highgmrper volt rating. The endurance is
slower and will not require the overdrive and aidtial torque. This design is similar to
the previous boat.

The motor mount was completely redesigned to afldircontrol of the propeller angle
and depth by the driver. The original design aédwilt and trim control but was



difficult to adjust and could not be done whiletie water. The new lift and trim design
will be driver controllable and can be adjustecebsctric actuators while moving.

The team feels this is necessary to improve driiglaf the boat. The trim position can
be pointing downward to assist the boat in laungiilom a standstill. Then, it can be
repositioned to get the hull on top of the watenigher speed values.

The next addition to the motor mount was the dgualent of an electric height
adjustment. The team had often needed an easthodhef adjusting the depth of the
prop in the water to reduce drag. The old systers adjustable but it was very difficult
and did not allow many positions. The new deswjhhave six inches of travel with the
actuators and an additional fifteen inches of madjustment in the mounting bracket.

The last part created for the motor mount was atbdrold the motors. This piece would
be designed with several responsibilities. Th& f8 to provide a mounting surface for
the motors. Second, it must tie the motors togredt so that the output of the motor box
connects to the input shaft of the gear case. llifinbere needs to be a mechanism to
overdrive the propeller shaft so that it will tumice as fast as the electrical motors.

The leading edges of the sponsons needed sharfrerestlice drag and the amount of
bow wave that was directed through the tunnelbénariginal design. It was agreed that
the sponsons were to be reshaped, but it was unkhow much should be removed

from the front. It was finally decided that thegedshould be sharpened to a narrow angle
and the angle-of-attack of the sponson to the wateuld be increased. These changes
should enhance the way the sponsons cut throughdtes and reduce drag.

The new driver’s console will be more ergonomic affdr more information than the
previous design. The new design will also offereneformation to the driver.
Highlights will be information on the status of tlifé and trim positions, voltage and
current readings of the motor, main battery, aarjlibattery, and solar panels, and
switch controls. Included in the driver’s statwill also be throttle control, forward and
reverse control of the motor, and lift and trim toh

The team feels that many of the previous desigeakmnesses were addressed and will
serve to promote the practicality of solar-eledats. The power has been increased
and will propel the boat to planning speeds. Tieds comfort and control of the boat
have also been enhanced. These additions ant@zéhefshe boat make the entire design
very attractive and practical for commercial depetent, the boating consumer, and for
the promotion of clean boating technologies.

See Appendix A for the Battery MSDS specificaticsnsd Appendix B for Buoyancy
Calculations for the “Boat is full of water, butstill floats”.
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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 aréadastreams, and rivers provide
residents with clean water, a vital natural reseurthe state of lowa is also dependent
on water, and eastern lowa’s Cedar River providesi@ortant link between human
need and the natural ecosystem. lowans dependisgé&con clean water for
agricultural, recreational, and nutritional reasasswell as for the sustenance of natural
wildlife.

The purity of lowa’s water has been drasticallyrdelgd due to the pollution of
agricultural chemicals and fossil fuels disposedbsts on the Cedar River. Reduction
of these pollutants not only in the Cedar Rivet,ddso in all of lowa’s rivers, lakes, and
streams, is crucial to the lasting quality of ttetess water. The savior of much of the
country’s ecological systems may be the contingiegelopment of simple yet effective
solar-powered boats.

Worldwide there are more than 20 million boats &niye 10 million of them are in the
USA. Worldwide from average pleasure boats 2361@8@ic tons of oil & oil products
everyday year is leaked into the water, equivaiembore than “7” times the amount
spilled by the Exxon Valdez in Alaska in 1989 [1-2]

Most of lowans are aware of agricultural pollutionowa's lakes and rivers, however,
oil and gas leaks from boats also require to dgvetm-friendly boat technologies such
as solar-powered boats. This project is developed ZERO EMISSION eco-friendly
boat for lowa lakes & rivers!

The everyday use of these technological innovatioqmsace of traditional methods of
water transportation will result in a nearly paltut-free environment, capable of
sustaining healthy wildlife. Solar boats also hthe potential to aid in the reduction of
shore erosion in highly populated bodies of watéonstructed of lightweight fiberglass,
solar boats have greater buoyancy than heavieltitnaal boats, which often create large
waves that slam into shore.

CURRENT DESIGN AND PROBLEMS

Current Design

The current University of Northern lowa boat teaamied to create a realistic, solar
charged, electrically powered boat that could laglitg produced and practical to
operate. Many of the boats competing in Solar Sp&e narrow, canoe-like crafts that
will not serve to carry much more than one person.

The current hull design is a combination of a véxctvis traditional single V-shaped
bottomed, and a catamaran hull [3]. The purposetevéake advantage of the benefits of
both designs. The vee hull cuts through the watérpushes it beneath the hull. The
building hydrodynamic pressure then lifts the bmattof the water. The catamaran or



tunnel style hull uses chambers to entrap the imegm@ir and force it beneath the hull
and creates aerodynamic lift [4].

This boat has a main hull and two sponsons. Thessps add stability and enclose the
two tunnel sections of the hull. The idea of comy the two styles was to retain the
slow speed maneuverability of the vee hull and galiditional lift and reduced drag at
higher speeds from the tunnels.

This design has been very stable but there haveibsees with excessive drag at sub-
planning speeds. The tunnels were designed watlpainpose of directing air flow to
create lift. Unfortunately, more water has beaxdd through than air.

The first issue realized was that the leading edgsach sponson was too blunt and too
far forward. They were pushing water ahead insté¢atirecting it down and away from
the sides of the boat. The leading edge was al$argorward that it was catching the
bow wave and directing it through the tunnel addmthe volume of water trapped
inside the tunnel making the drag problem worse.

The second issue with the hull was the lack of pdweallow the boat to plane. It soon
became apparent that the single motor selectetthédnoat would not be able to propel it
fast enough to plane. Under testing in May 200%gis determined that the boat would
need 16 mph to fully plane. Along with additiopalwer, a new motor mounting system
will need to be developed.

A benefit from the previous design was the rail mmg system in the bottom of the
hull. Not knowing exactly how the boat would hamdlhile sitting in the water or while
on plane, we have created a rail system on the éibthe boat to adjust weight fore and
aft. We did not want the boat to be unbalancedcande unnecessary drag due to the
bow or stern sitting too far in the water. Thikais the movement of the battery box,
seat, and steering console to optimum positionsagswfacilitates the removal of these
components.

This current design served well as a test bedh®development of this year’s boat. The
basic design is very stable and solid. With mediibns to the tunnels and increased
power, this design will be more competitive in 2306 Solar Splash.

Problems with Current Design

Several areas of the current design need to besslelt to improve the boat for 2006.
First, the leading edge of each sponson needs $bdrpened. Second, the power has to
be increased. Third, a system needs to be dewktopalow the driver full lift and tilt
control of the motor assembly. Forth, a new disreonsole with added instrumentation
and control needs to be developed. See Figure®agh 3 below.




Figure 1: 2005 UNI E-boat, front view

Figure 2: Side view of previous Figure 3: Thopmrter rear-view of
motor mount previous motor mount

Product Design Specifications
The modifications must enhance the boat. The ntibeat performed very well in 2005.

Besides the problems of being underpowered andsexdrag, it did not suffer any
mechanical failures and performed as expected. aflajtions or modifications must
therefore be designed to endure testing and cotigpedind to improve the drivers
control and enjoyment of the boat.




DESIGN CONCEPTS

Four areas were addressed for 2006: additionaépdive motor mounting system, the
leading edge of the sponsons, and the driver'satens

More Power

The single E-tek motor was not enough to push da fast enough for the hull to plane.
It was also noted that the original gas engine tisethe outboard gear case had an rpm
between 4000 and 5000. The E-Tek will only tum ittput shaft of the gear case at a
maximum of 2500 rpm. Therefore, to increase peréoice, the power applied as well as
the rotational speed of the input shaft needecttmtreased.

To spin the propeller at the same rpm of the gaggmenthe shaft must turn twice the
speed of the electric motor. Now it will requirde the torque from the electric motor
to spin to its top speed. Adding a second motdirdsuble the input torque applied to
the shatft.

Three batteries have provided enough energy temgrmotor on the current boat for
several minutes before being drained. The spaice s very short. If the boat is
propelled fast enough, the 300 meter race shouidtake 30 seconds.

The team chose to use three motors. Now thereowithree times the power input to the
shaft and a greater increase in torque than jostrgpensation for the overdrive.
Concerns were raised about the batteries and delivthe energy to the all three motors.
After careful consideration, it was felt that fovery short duration, the batteries would
be able to supply enough energy to the motorsndhe sprint.

A single motor will still be used to run the endura race. The endurance is slower and
will not require the overdrive and additional toequThis design is very similar to the old
design.

Motor Mount

The motor mount was completely redesigned to afldircontrol of the propeller angle
and depth by the driver. The original design aédwilt and trim control but was
difficult to adjust and could not be done whiletie water. The new lift and trim design
will be driver controllable and can be adjustedle/mmoving.

The team feels this is necessary to improve driiglaf the boat. The trim position can
be pointing downward to assist the boat in laungiiom a dead stop. Then, it can be
repositioned to get the hull on top of the watenigher speeds. An added benefit is that
when entering a corner, the trim can be loweragtain speed and eliminate prop
cavitation which was an issue with the old design.

A number of designs were discussed in how to effelst adjust the angle of the prop.
One involved using an electrical actuator to pinghlower portion of the motor mount
away while the upper mount was hinged to the hiHe main problem with this design



was lack of space between the transom and the mwant that the actuator had to go
through the back of the hull. This raised issiesgroper angle of the actuator and the
problems associated with placing a hole near thenuze of the transom.

The answer was discovered one day while the teasrpwiachasing a new prop. The
owner of the store had an electrical tilt and tplate that fit a 35 HP motor. He gave it
to use because the owner of the boat said thattitvprking. This item was perfect. It
would easily serve to adjust the trim of the maod it wasn’t too large as to cause
mounting problems. All that needed to be done twdi the electric motor.

The next addition to the motor mount was to adédlantric height adjustment. Since
electric actuators were already located for thet finotor trim design, we used the basic
idea to create a lifting mechanism for the motounto This would be much easier to
design than the trim and only needed single axigament.

The team had often needed an easier method oftidjtise depth of the prop in the
water to reduce drag. The old system was adjwestaldlit was very difficult and did not
allow many positions. The new design will haveisches of travel with the actuators
and an additional fifteen inches of coarse adjustrrethe mounting bracket.

Next, a lower unit box needed to be developed tanmhthe trim and lift mechanism to
the motor and gear case. This component will aésed to pivot to provide steering for
the boat. The design of the lower unit box willdbearrowed version of the previous
design. Although it is a simple box structure usntie all of the other components
together to make a solid working mechanism.

The last part to create for the motor mount wiltlhe box to hold the motors. This piece
would be designed with several responsibilitiebe Tirst is to provide a mounting

surface for the motors. Second, it must tie théonsao one shaft so that the output of
the motor box will connect to the input shaft of tpear case. Finally, there needs to be a
mechanism to overdrive the propeller shaft soithatiil turn twice as fast.

A few designs were considered for mounting theahmetors. The greatest difficulty
was trying to attach them in a manner that woulthieemost compact and allow easy
access to each motor. They also need to be adaug#nat chains or belts can be
attached to drive the output shaft. The final ge$ooks elegant and simple compared to
the early model.

Redesign of the Sponsons

The leading edges of the sponsons needed sharfrerestlice drag and the amount of
bow wave that was directed through the tunnelbénariginal design. It was agreed that
the sponsons were to be reshaped, but it was unkhow much should be removed

from the front. It was finally decided that thegedshould be sharpened to a narrow angle
and the angle-of-attack of the sponson to the wateuld be increased. These changes
should enhance the way the sponsons cut throughdtes and reduce drag.




Driver's Console

The new driver's console will be more ergonomic affdr more information than the
old design. By redesigning the mounting systenhefconsole, the driver will be able to
place his legs comfortably under the console. dlelesign forced the driver to stretch
around the outside of the mounts in a somewhatdiffmanner. This defect was
particularly noticed during last year's enduranompetition.

The new design will also offer more informationthe driver. Highlights will be
information on the status of the lift and trim gamsis, voltage and current readings of the
motor, main battery, auxiliary battery, and solang@ls, and switch controls. Included in
the driver’s station will also be throttle contrtdyward and reverse control of the motor,
and lift and trim control.

DESIGN DESCRIPTION

More Power

Last year’s boat used one Briggs and Stratton Erietor for all of the events. See
Figure 4 and Table 1. To increase the power femptioposed design, two more needed
to be order. Unfortunately, there is a shortagé-0k motors available. So a new
motor needed to be found.

Figure 4: E-Tek dc motor
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Table 1: Electrical characteristics of the E-Tedton [5]

Power vs. Qurrert Torque vs. Curent
9 180
8 ——Ponervs. O,rrert}» 160 |—¢—Toquevs. Currert}»
7 /\‘\\ 10
$6 E10
<5 4 £ 100
T4 / N o g
g / \ 5
o3 =
o f \ S
2 = o0
1 \ ol
0 v T T T 0 v T T T
0 500 1000 1500 2000 0 500 1000 1500 2000
Qurert (A Curert (A
Voltage vs. Current Speed \s. Current
30 16000
25 —e—\oltage vs. Current 14000 ,\ —e— Speed \s. Current
— s 12000 \
2207 g 10000 (¢
515 = 800
= [} 4
S 10 g 6000 \\\\
o 4000 4
5 2000 —
0 T T T 0 T T T T T T
0 500 1000 1500 2000 0 200 400 600 800 1000 1200 1400
Current (A) Current (A)

The Perm Motor PMG-132 is very similar in desigual @ower output of the E-Tek. See
Figure 5.The drawback was that three needed tautshased so that there would be a
matched set of motors. The great news about th&RBBPR is that it has a greater torque

output at the same volt as the E-Tek which is bétreoverdriving the input shaft. See
Table 2.
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Figure 5: Perm Motor PMG 132 [6]

Table 2: Electrical characteristics of the PMG-1h3&or
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The motor configuration is modular. Three PMG-b3@ors are used for the sprint
configuration and will be placed in the new motokb The box can be removed and a
single E-Tek motor placed on the input shaft ofdbar case.

Motor Mount

The motor mount consists of three main parts; tbeonsupports, the motors, and the
pulley system that ties them together and conribetsnotor box to the lower unit shatft.
Since reliability is a key factor in our design teek special care in designing the entire
setup. We began by deciding the placement of th@ms. Since we wanted our whole
outboard setup to be as sleek as possible pultenthtee motors in a triangular pattern
was not the best option. We decided that therangt only be as wide as necessary to fit
the width of a motor. With this in mind we begair design making many revisions
along the way. Our first design consisted of agéhat involved a large amount of
wasted space and multiple tensioners and idlees. Fgyure 6. Through group efforts we
were able to get our design to where it is tod&ke ended up with a design that is
reliable, easy to build, affordable, and easilw®eable. See Figure 7.

Figure 6: Early motor mount design
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Figure 7: Motor mount with PMG-132 motor and pydidy Solid Works [7]

Our design consists of a box constructed from ahwmi angle that has a middle shelf.
On the top of the box two PMG-132 motors are maditgagitudinally to the boat. On
the middle shelf one PMG-132 hangs underneath thtemthat is closest to the hull,
there is also a bearing that centers the shaftitinags the lower unit. Two motors are
mounted output shaft to output shaft and connegttfda simple keyed coupler. The
two coupled motors are connected to the other nmastdroutput shaft through a double-
sided toothed belt. The entire system only usesetphulleys and one belt. Thisis a
major design improvement from our first revisiomd there are no idlers or tensioners
in the system, efficiency and simplicity are in@ed. The final ratio of the motor box is
1:2. This produces the appropriate rpm for theclownit. Finally, the bottom of the box
will attach to the lower unit box and main mountpgnt.

The lower unit box was a late addition to our desi§ee Figure 8. When we designed
the motor box it ended up being fairly large. Tikiacceptable for the sprint where we
have ample power but for the endurance even thermmboix would be too heavy.
Because of this we made the lower unit box. Thefaunit box will be the framework
that holds the motor box and the lower unit togetirel provides the steering for the
boat. When the boat is set up for sprint configareall we will need to do is set the
motor box on top of the lower unit box. The twoces will be coupled with a LoveJoy
coupler. When in endurance configuration the E-Wéksit directly on the lower unit
box and be direct driven through the same Lovedopler. This design offers
incredible flexibility and excellent future desigapport.
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Figure 8: Lower unit box with pivot point attachméy Solid Works [7]

Our lift and trim will be one of the most usefulatiges to the boat design. See Figures 9
and 10. We knew that our previous setup was ghahbest; we were looking for a way
to adjust the height and the angle of our outbgarthat we could change it on the fly.

We ended up finding a commercially available tril@t@ and changed it to fit our needs.
The trim plate uses a hydraulic actuator with afunit pump and motor. Our lift plate
which will control the up and down movement of outboard had several preliminary
designs before we reached our final one. The m@&blem with the early designs was
the possibility of excessive friction caused by tla@ging weight of the outboard
assembly. To overcome this we developed a systatruses square tubing and a bearing
on the inside to greatly reduce friction and makey solid attachment. The jack plate
will be operated by two electric actuators whichi sipply 300 Ibs of force to move the
plate up and down. The plate will move the toféd anches by use of the actuators and
the whole unit can have a possible travel of 2h@sc This is ample adjustment but we
all felt that it is easier to drill a few extra lBslnow than it is when we are testing. See
Figure 11.
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Figure 9: Transom-side of lift plate Figure ll8ometric view
showing actuators and sliding mechanism shgWwit and trim plates [7]

Figure 11: Complete motor mount assembly with@atrgase [7]
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Redesign of the Sponsons

The hull is made of fiberglass and therefore easyadify. Each sponson was taped
with a line where the old material would be repthc@he shape was found mostly by
sight. The front of each sponson was removed laaaé¢w profile cut into the sides.
Then, the forward, bottom section of each was farma of cardboard. Once the shape
of the bottom was satisfactory, a layer of fibesglavas laid on top of the cardboard
inside each sponson. See Figure 12. After tha cesed, the hull was turned over. The
cardboard was removed and another layer of fibesgheas applied. See Figure 13. The
fiberglass was sanded and the surface blendedowitis to create a smooth surface. See
Figure 14. The sponsons were repainted to matmgin hull.

Figure 12: Front of sponson reshaped with firgetaof fiberglass
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Figure 13: Sponson fiberglass work completed

Figure 14: Smoothing and finishing Sponson
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Driver’'s Console

When we were running the endurance event in laatyeompetition we realized that
the drives leg placement was very uncomfortable fiX this we designed a new console
that will improve the look of the boat and makenitre functional. We began by making
the dash support very narrow, this will allow thever to put his legs underneath the
dash instead of around the dash. To build thisisesl 1.5 inch angle aluminum. The
dash that will be mounted on top of this suppofashioned from fiberglass. To build
this the general shape of the dash was cut oubofivand connected using dowels. Then
a shirt was wrapped around it to give it a smobtpe, then fiberglass was applied and
body filler was used to correct small imperfectiofifie shape of this dash allows the
driver to have maximum visibility of the things adkeof him as well as giving him an
easy view of the instruments and switches mourdede dash. The steering wheel will
also be mounted to the dash support bracket. fgeeeFL5.

Figure 15: New console drawing by AutoCAD

The electrical system of the boat has many newtiaddibut the main concepts remain
the same. Appendix A shows MSDS data sheets &oOfitima Batteries used in the
electrical system. The motor power for the sprettp is delivered from 3 optima
batteries connected in series. Each motor wilehavindividual motor controller. The
controllers will be tied together using the 5 viajputs. Since we weren’t able to find a
single controller to supply all three these willttie job and leave extra power to spare.
For the endurance setup we will use a single cthetrim run an E-Tek. The main
changes that were made to the electrical systera theradditions of the necessary
circuitry to run the jack plate and trim plate, ahd addition of a complete measurement
system. The measurement system will be able tsuneand log voltage and current of
the main batteries, auxiliary battery, and motaige will also be able to measure the
RPM of the lower unit shaft. The final measurentaat we will have is the trim
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position and jack plate position; the measuremelthbe taken with a string pot and
displayed using an analog style digital needle mete

This year the UNI Team will be using 3 x 160 BPasg@anels donated by BP Solar's PV
Module Donation Program. The team originally rexjad 3x160 W BP3160 unframed
PV modules, however Mr. Jay Miller, coordinatoB#® Solar PV Donation Program
confirmed (see Appendix E) that the engineering@amodules that the company is
donating to UNI Solar Boat Project are pilot rumgdes from a joint venture partner in
China and so are not exactly the same dimensioosraBP3160L, but they're very close
and all the electrical performance is the same.d&ia sheets provided by BP Solar for
the PV modules are listed in Appendix C.

The panels are connected in parallel to a chargeater, shown in Appendix D, which
are connected to the batteries. Our overall dasigptimized for efficiency and
simplicity.

Figure 16 shows the Solid Works model of the UNbaBwith three BP3160 PV
modules.

Figure 16. Solid Works Computer Aided Model of UdBoat with three 160 W BP PV

DESIGN EVALUATION

The new sponson shape was tested at the lake ichN2&06, and there were
improvements over last year’s performance. Thevas$ rigged with the exact same
motor, batteries, and seating position from lastrye determine any changes from the
reshaped sponsons. Speed was monitored with Girltany change in top speed
attained.
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There were some noted improvements and difficultiBise first item was that the hull
went through the water better with less forwardshing from the sponsons, and the bow
wave is able to escape the tunnels. The hull neweuvers better in the corners and
tends to roll instead of staying flat. The testutes are found in Table 3.

The front of the hull sits lower in the water doelie reduced buoyancy from material
removed from the sponson. This caused some davitptoblems. After several
attempts, the motor mount was lowered to compengdtere were still cavitation
problems even after lower the mount to severaltposi. The cavitation stopped after
the motor mount was moved three inches further dveany the rear of the boat.

Table 3: Test results and observations of redesigponsons

Date Test Motor / Set-up| mph Notes
5-Oct | Sprint Etek 10.7] Original set-up
Mar-06 | Sprint Etek 10.5 Hull modifications to front of spE®Ns

Cavitation problems, Moved seat bacK

1-Apr | Sprint Etek 11.1 Dropped motor to middle position
Still cavitating intermittently

8-Apr | Sprint Etek 11.7 Extended motor mount 3 inches
no cavitation

Due to the several areas that were updated, #ileatems could not be completed before
the report was printed. The framework and gaga af¢he console is completed but not
ready to be installed until the motor assemblyaisplnels, and seating positions can be
determined. The motor mount structure is beingratéed and should be tested by late
May.

Although the items have not been fully tested, esitee layouts in Solid Works
demonstrate the how the components will fit andkatogether. The team has taken
extensive consideration for placement, performaacd,practical use of each piece. In
the coming weeks, all items will be completed asstdd.

CONCLUSION AND RECOMMENDATIONS

Design and construction of a solar-electric powdredt and racing in an international
competition to promote clean boating technologiesehbeen an excellent learning
experience for students in the Electrical and Imi@tion Engineering Technology majors
at UNI. In addition to bringing classroom theoratiknowledge to life in an applied
project, students have learned how to work collatreely in teams to solve problems
similar to those that they may encounter in thaneers after graduation. Similarly, all
engineering and engineering technology programstanagly encouraged to incorporate
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renewable energy based senior projects into thaictilum to promote eco-friendly
energy technologies for a brighter future for atet generations. Many interested local
and regional, private or public elementary, junimgh, and high school students and
teachers have visited this project in the last fpears. There has been strong media
coverage showing the project to the public. This l@so increased awareness of
Engineering and Technology among young lowans wtiasglies are mostly dealing
with agriculture [8]. There is no doubt that stodeecruitment has already been
impacted positively as well.

UNI prepared for and took part in the Solar Splasimpetition. Through planning,
strategizing, and faithfully executing the plan tiheam improved UNI's overall
placement in the separate events over any otheisyeffort. The team has identified
several new targets for improvement in the 2006 eve

The team feels that many of the previous desig®aknesses were addressed and will
serve to promote the practicality of solar-eleddats. The power has been increased
and will propel the boat to planning speeds. Tineds comfort and control of the boat
have also been enhanced. These additions anidzéhefshe boat make the entire design
very attractive and practical for commercial depetent, the boating consumer, and for
the promotion of clean boating technologies.

The team hopes to continue to improve in the ragikat this year’'s competition, and
hopes that the countless hours of preparationmalke that possible. The team has tried
to learn from the mistakes that have been madediyg in the past and has tried to build
this craft so that it is task oriented.
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Appendix B: UNI SOLAR BOAT FLOATATION CALCULATIONS

For emergency flotation in the event of the crafigizing, the weight of the UNI e boat
in its heaviest configuration must be determindtke eaviest configuration of the UNI e
Boat occurs during the sprint competition when addal mass is added in the form of
the three motors and three batteries. It is asduha the skipper would exit the craft
upon such a catastrophic even, and is disregardeticalculations. The following
Table indicates the various weights which makehgpeindurance configuration.

Table Al: Materials and Equipment used inutadce Configuration

Item Weight

3 Optima Blue Top Batteries 99 lkis.
3 PMG-132 DC Motors 75 Ibs.
Steering System and brackets 23 Ibs.
Motor brackets / Output shaft / Props/ Couplings (B2
Welding Wire/ Cables/Control Panel /Circuit Breaker 9 Ibs.
Solenoid / Bilge Pump batteries / Misc. 9 Ibs.
Hull 270 Ibs.
Total 547 Ibs.

Using the fact that, one gallon of fresh water Wwsigbout 8.34 Ibs. Ibs and the weight
inside the boat that will not float is 553 Ibs &swn in Table Al:

Amount of floatation required is equal to the d&g@ment of 66.3 gallons of fresh water.
553/8.34 = 66.3

The bottom of the boat is a sealed compartmentthatflooded for this calculation. The
volume found was 69.4 gallons. This displacemahtproduce 579 Ibs of buoyancy.

This will yield us a safety factor of; (579 — 54579 = 0.055 or 5.5 %. These

calculations show that the UNI e Boat, in the exadrdapsizing, will not sink and has a
safety margin of 5.5 %.
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Appendix C Solar PV Data Sheets
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Appendix D Electrical Schematic
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Appendix E BP Solar Inc., University Donation Progam Documents
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