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EXECUTIVE SUMMARY

Solar Electric Boat “eBoat” project has been weallablished at the University of Northern lowa
(UNI) since 2000 due to generous and continuoup@tiand sponsorship from lowa Energy
Center, a non-profit state organization to prommeteewable energy applications in lowa. This
year, UNI eBoat team members are given a laboraoage dedicated as “UNI Solar Electric
Boat Center” for project development. The center draeasy access for students after hours and
during the weekend as well as convenient accedsditer for test drives in nearby lake.

This year’s project includes a brand new designamstruction of boat hull at UNI's new Solar
Electric Boat Center. Although the previous huflize and shape were very stable and it was
awarded by the most commercially feasible trophglid not perform as fast as some of the other
boats. The new boat is now lighter, faster, asd ®mplex.

The UNI team has created a new hull that is adegarture from the previous hull. The new
boat is long, narrow, and light-weight. It is E&f long, 3 feet wide and 2 feet tall. The weight
of the bare hull is less than 50 pounds and estichtat be less than 350 pounds fully rigged and
including a driver. The hull is constructed of amqmosite sandwich of fiberglass over foam. The
team used extensive computer modeling, not ontlgercreation of the new boat but also in
design and development of several tools used aietbe hull.

The motor mount was completely redesigned inteyrialbllow better efficiency and power
transfer. The team feels that many of the previmssgn’'s weaknesses were addressed and will
serve to promote a state-of-the-art solar-elebw&t. These design changes should help the UNI
Team to achieve a successful result at 2007 SplasB Competition.
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PROBLEM DEFINITION

The greatest challenge for the 2007 UNI Solar Beam has been to design and build a brand
new fiber glass boat for this year's Solar Splastmpetition. The previous hull's size and shape,
while very stable, did not perform as well as sahthe other boats. The new boat needs to be
designed and built lighter, faster, and less corple

Although the previous boat was commercially vesible, it was also very wide, heavy, and
had many extra luxuries. The hull was 13.5 ferglby 5.75 feet wide and it weighed over 500
pounds fully rigged. There were also many exteduiees on board like the electric lift and
hydraulic tilt / trim system for our outboard matd/hile these mechanisms allowed the driver
full control of the direction of thrust, they caratan extensive weight penalty. The entire
outboard assembly with the triple-motor sprint egunfation weighed nearly 200 pounds as seen
in Figure 1.

Figure 1: Triple Outboard Motor Assembly with Blec Lift, Tilt / Trim

Another design flaw of the old boat was the twanels. These tunnels were intended to force air
beneath the hull as the boat planed in an atteongainh additional lift. Unfortunately, the boat
was so heavy and underpowered that it was barédytalbeach planning speeds. The tunnels
then created considerable drag since the boat atasbie to move fast enough to clear the water
from the tunnels. The large amount of water rughimough the tunnels in Figure 2
demonstrates the drag due to the tunnels that ditlveeboat speed steadily.



Figure 2: Doug Testing Endurance Configuratio2@®6 Boat

Every member of the current UNI Solar Boat Teamdtdsast two years of experience with
Solar Splash. With a renewed spirit and betteewstdnding of the event, this year's team has
designed and built a boat hull that addresses ragthe flaws in the previous design and
focuses on lessons learned through our combinedyaars of experience. The team has
focused on the following design specifications.

Design Specifications Considered in New Boat
The UNI Team has identified several key featurethendesign of the new boat.
Weight Optimization
Hull Shape
Power Constraint
Simplicity
Speed Control

Weight
o0 The weight of the bare hull must be below 70 pounds
0 The boat in the sprint configuration must weigtslggan 350 pounds including

driver.

Hull Shape
0 The hull must be a long and narrow monohull.

0 A combination planning / displacement hull workst&t the Solar Splash event
based on our experience and research.

Power
o Two to three electrical motors for the sprint race.
o One very efficient and reliable motor for the erahae race.



o0 Specific battery packs designed to maximize elegtpower for the sprint and
endurance races.

0 The most efficient, cost effective, reliable andneoercially available Photovoltaic
(PV) panels for the battery charging.

o0 Solar PV array must be easy to install and remate neliable electrical connectors.

Simplicity
0 The hull design must be simple and without compéetures.
0 The drive train must be easily modified betweenrg@nd endurance configuration.

o The solar array must be easy to install and remove.

Speed Control
o0 The motors must have a stable and reliable spe®doto
0 Speed control should not be very complicated tachen-board problems during the
event.

DESIGN CONCEPT

Hull Design with Brain Storming and Discussions comleted by UNI Team Members

The UNI Team members began discussing ideas faraivehull when they were driving home
from the 2006 Solar Splash competition in June 200&as known that the new hull needed to
be lighter and have less drag than the current bbla¢ team gave themselves the summer
assignment for 2006 of having each member dravetklof the boat they would like to build.

When the team members began to classes and nesctprnark in September 2006 at UNI they
also brought their ideal hull design models. Ryamfi@ld is a second year team member and has
attended Solar Splash in 2006. The following sta&tet and sketches in Figure 3 indicate Ryan
Canfield’s boat and description of his design jicsition:

“I drew my preliminary design as | did for severahsons. First, | took into
consideration the design of the many types of hailthe 2006 Solar Splash
competition. | found the sleekness and efficieatthe Canadian Catamaran to
be impressive to say the least, so | started nsareh there. In my research, |
found that a catamaran style hull has high cruispeeds with high efficiency
because it acts as a displacement hull, but thesbonces effectively double the
length of the hull, allowing its cruising speedo®twice as fast as a mono-hull
design of equal length. | also took into consitlerathat the top speed of the
catamaran style hull was less than impressive,aagssivown by the Canadian’s
performance in the sprint portion of the competitidn contrast, | also
researched the effectiveness of the mono-hull. mibeo-hull design is most
effective when it is long as possible, and whattilizes natural radius in its
design. The mono hull also can achieve very highspeeds because it can act
effectively as both a displacement hull and a glagnhull. The trimaran is the
mixture of the two designs. The two sconces orsitie have the same effect as a
catamaran; they double the “apparent” length oftbat. The center hull, which
should be slightly deeper than the sconces wilkada planning hull when the



boat is at higher speeds. The trimaran, thouglerddficult to build than the
mono-hull, would be much easier than that catamiaadinand has the potential
to be much stronger as well.”

Figure 3: Ryan Canfield’s Boat

Ben Wagner is also a second year member and hgskdsis experience at Solar Splash 2006
as well as his ProE design skills to do his hom&immisummer 2006. The following testimonial
and the sketch in Figure 4 describe Ben Wagnesgdeavork:

“When designing this hull configuration, there wihse idea of form, function, and
construction in mind. The first step of this deswgas an extrude 18 feet long, 2
feet tall and 3 feet wide. The extrude was chaeafén the front to provide a
general boat shape. To provide a gradual chantetwaters path, the V-bottom
front was constructed of sweeping decreasing radiusds that started at a
maximum at the front, to a zero radius in backe @iecreasing radius rounds
provide an executable means of construction. ®péas a similar round that
decreases radius from the maximum in the backrminethe front. This radius
was for strength of the top end of the boat siches@ovided a cosmetic appeal of
an antique boat.”



Figure 4: Ben Wagner’s Boat

Douglas Bechthold is a team member with threesyebexperience and has attended Solar
Splash 2005 and 2006. Douglas describes his lesagrdand justification as shown in Figure 5:

“After the 2006 Solar Splash events were over eanmt immediately began
making plans for the next year. One of the thitngs we decided to investigate
was a hull change. We decided that before we daieach other about possible
designs, we should come up with our own first. Befdoegan my design |
addressed the issues that we had with the curtdint h

High Drag at low speed

Very heavy

Very short for a displacement hull (endurance)
While there were several drawbacks to the old Iitullid have several benefits.

Very Stable

Easy to work on

Very Strong
My goal in designing a new hull was to keep thedfiémand eliminate some or
all of the old boat’s drawbacks. My design almoshediately became a long
and narrow boat. Using a general equation fordilegithe length of a
displacement hull was very helpful for me. My huHs to be about 17’ long and
about 3.5’ wide. This gave a length to width raitfal.85:1. This is very close to
the ideal 5:1 ratio and also is wide enough to ke®pe stability that was
exhibited by the old hull. Also in my design wasansom that meets the water
at greater than 90 degrees. There were sevesngdor this decision. The
main reason was for drag reduction, the other rehsing cosmetics. All of
these ideas were implemented into my design-contept

Michael Boomer has attended Solar Splash in 20032806. Three years of experience have
led to the design and justification of his boashewn Figure 6:

“My design is of a long narrow boat with an inboandtor. Its length approaches
19 feet with a width of 3 feet and a height of 8tfeThe top of the boat resembles



a speed boat with a small wind screen. Featurdsediull include a stepped-
chine vee-bottom with an inset area for the pr@pellThe direct-drive prop is
connected through a constant-velocity joint andieabearing connected to
linkages that allow the position of the propelebe raised or lowered to control
the angle of thrust.”

Figure 5: Douglas Bechthold’'s Boat

Figure 6: Michael Boomer’'s Boat



Final Hull Design. The design the team agreed to build has featoreslfin each of the
aforementioned individual designs. UNI's new bisdbng and narrow with a sloped stern. The
finished boat is similar to Ben’s but with subtleaages as shown in Figure 7.

Figure 7: Proposed UNI 2007 Boat

Drive Train Design

The drive train of the new boat needs to be siraptkeasy to change between the sprint and
endurance configurations. The previous drive tcainsisted of either a single electric motor, for
endurance, or triple electric motor carrier, foriisp connected to a gear case from a 40 HP
Johnson outboard motor as seen in Figure 1.

The decision to build a new hull has also forcedltdam to redesign and build a new drive train.
There are many reasons the old drive train woutdvaok as follows:
- The old design used the lower unit from a Johnadghaard motor. The gearing in the

lower unit was very inefficient, and the lower ucdtse was very heavy.

The old drive train contained many aspects thaeddekeight that did not assist the boat

in moving forward such as jack plate and trim plate

The previous design was very difficult to assenaid fix in the event of a problem.
The new drive train will be a true inboard designd the total weight will be reduced
considerably. The inboard design will use a stigffbox and a support strut to hold the
driveshaft in place and seal out water.

The drive train will not have to be modified mucbrh sprint to endurance configuration. The
sprint setup will use two PMG-132 electric motoosicected together with a chain and then
connected to the driveshaft with a separate cfdiis. will be excellent for gear selection since it
will be very easy to change the two sprocketsrid the best ratio. This will also ensure correct
wrap for the chain since each chain will be conngabnly two sprockets.

For endurance, the only change will be replacirgttto PMG motors with a single E-Tek
motor. The E-Tek motor will connect directly teettriveshaft in approximately the same
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location as the PMG’s. This will reduce instabbatitime and allow the team members for easy
sprocket adjustments.

DESIGN DESCRIPTION

Hull

The UNI team has created a new hull that is adegarture from the previous hull. The new
boat is long, narrow, and light-weight. It is E&f long, 3 feet wide and 2 feet tall. The weight
of the bare hull is less than 50 pounds and estidniat be less than 350 pounds fully rigged and
including a driver.

The hull is constructed of a composite sandwichbafrglass over foam. Each piece of foam is

carefully cut and placed into position. The sawiare joined together and a layer of fiberglass
is applied over the foam as seen in Figure 8. &lf@am structures are very strong and light for
their weight. Together, these form a solid streetnhereby individually each component would
easily break.

Figure 8: Test Piece of Composite Material.

Hull Construction Tools. Before the first piece of the hull could be askkem, two
foam cutting tools needed to be created. FirBtats Cutter cuts flat sheets of foam 0.5 inch
think to form all of the straight, flat sectionstbge hull as seen in Figure 9. The second tool,
called the Rounds Cutter, creates all of the ra&giwsed in the curved sections of the hull as
shown in Figures 10-12. Both tools were desigmatikauilt by the team members in the Solar
Boat Center.
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Figure 9: Doug Cutting Foam on the Flats Cutter

Figure 10: Solid Works Model of Figure 11: Foam Ready to be cut by Rounds
Rounds Cutter Cutter
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Figure 12: Close-up of Foam cut by Rounds Cutter

Platform Construction. A platform was created to construct the new hgiltst, the
layout was tested in Pro-E software to determing twobuild and position the supporting
structure. Then, the bulkheads of the new boaigiwdict as cross-sections, were securely
attached to the uprights. Laser levels were usgasition the bulkheads to ensure that the boat
would be as straight and true as possible. FiglBeend 14 demonstrate team’s ability to design
and build a real application to solve engineersgyes.

Figure 13: Pro-E Model of Construction PlatforntwBulkheads Attached
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Figure 14: Construction Platform with Attached Eheads

Hull Construction. Several pieces
of foam are cut by either the Flats or Rounds
Cutter and then bonded together with epoxy.
Fiberglass is applied to both sides of the
oversized piece and, after drying, is
carefully cut to the appropriate size as seen
in Figures 15-16. Each piece is bonded to at
least two bulkheads. Figures 17-19
demonstrate team members preparing the
foam and fiber glassing the first hull pieces.
Figure 20 shows boat hull construction with
round foam pieces added.

Figure 15: Mike Roughing-in Large Flat Figure 16: Ben Measuring for Cuts
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Figure 17: Preparing Surface of Foam for Firstdrayf Fiberglass

Figure 18: Applying First Layer of Fiberglass
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Figure 19: Finishing Touches to Fiberglass

Figure 20. Boat hull construction with rounds fopieces added
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Figure 21 demonstrates rounded foam design beryaped for fiberglassing in the round’s
mold.

Figure 21: Rounds being prepared for fiberglassing.

Drive Train Implementation

The new direct-drive system consists of a strastiatit connected to our electric motors. This
basic design used for both the sprint and enduraoicigurations. The only modification is to
remove the single endurance motor and replacdhttive twin motor sprint power plant.

The driveshatft exits the bottom of the hull at Ehiées. This shallow angle was chosen to
provide the most forward thrust. The design witha a ten inch prop to be added later.

Figure 22: Stuffing-box and driveshatft of driveira
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Figure 23: Spring configuration with two motors.

Batteries
For 2007 event, the UNI Team wants to maximizeottery power for the sprint and endurance

configurations. It was determined that a battexgkpof smaller batteries could provide

flexibility and power advantages. Instead of uding or three large batteries, a battery pack of
smaller batteries could be configured to deliveriost output to weight ratio. The team began
looking for the smallest and lightest lead-aciddrats available and created a spreadsheet to
quickly compare and determine the best batteryo battery packs have been designed to create
the greatest output for the two main boat configons with the lightest weight. For sprint, the
battery pack has been optimized for the greates¢ctuoutput. Whereby, the highest watt-hour
rating has determined the battery pack for end@anc

Table 1: Endurance Battery Spreadsheet Comparison
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The best battery for sprint was found to be thes3dy PC625 battery. Each battery has a CCA
output of 265A. A parallel connection of two setghree batteries in series will have a CCA of
530A when configured in a battery pack. The packiso well below the maximum weight limit
for sprint batteries. Each battery weighs onlypd8nds as seen in Appendix A. The team
believes that the PowerSonic PHS-12100 is theldadstry for endurance with 117 watt-hours
capacity per battery. These small, light-weigttdrées only weigh seven pounds each. A
battery pack of nine batteries beats the endurbattery weight limit by five pounds.

Electrical System
A functional block diagram of the overall electisgstem is shown in Figure 24.

+

36V
Photovoltaic
Array

DC Motor

Figure 24. Functional Block Diagram of overall ¢texal system for UNI Boat

Electric Motors and Drivetrain
In March 2007 during the spring break vacation,3bér Boat Team went to Wisconsin to
dyno-test our motors at Mars Electric, LLC. Thiasaa great opportunity to test our electrical
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motors in a dyno loading system as seen in Fig8rd Be team collected the motor
performance test data for both E-Tek and PMG nsatod reported in Tables 2 and 3.

Figure 27: Rapid Prototyped Model of Pro-E Design

Figure 28 Dyno testing process of E-Tek Motor

The Perm Motor PMG-132 is very similar in design @ower output of the E-Tek. See Figure
5.The drawback was that three needed to be purdisasthat there would be a matched set of
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motors. The good news about the PMG-132 is thedsta greater torque output at the same volt
as the E-Tek which is better for overdriving thpuhshaft as seen in Figure 30.

Figure 29: Perm Motor PMG 132 [6]

Figure 30. Electrical characteristics of the PMG h3otor
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 resjad 3x160 W BP3160 unframed PV
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modules, however Mr. Jay Miller, coordinator of BBlar PV Donation Program confirmed (see
Appendix E) that the engineering sample modulestiieacompany is donating to UNI Solar

Boat Project are pilot run samples from a jointtues partner in China and so are not exactly the
same dimensions as our BP3160L, but they're vexsechnd all the electrical performance is the
same. The data sheets provided by BP Solar fdPthmodules 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 desigpisnized for efficiency and simplicity.

Table 2: Electrical characteristics of the E-Tebton

Power vs. Qurrent Torque vs. Current
9 ‘ }» 180 ‘ %
8 —— Poner vs. Qurrent 160 ——Torque vs. Current
\ \
7 N _ 10
6 / \\ E10
<5 €100
g 4 / N % 80
&/ \ o
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O v/ T T T 0 / T T T
0 500 1000 1500 2000 0 500 1000 1500 2000
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Table 3: Electrical characteristics of the PMG-13&tor
Power vs Current Torque vs Current
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2.5 20.00 1
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2 2.0 Z 15.00
12 10.00 H
05 | 5.00
0.0 T T 0.00 T
0.0 50.0 100.0 150.0 200.0 0.0 50.0 100.0 150.0 200.0
Amps Amps

DESIGN EVALUATION

Hull

Two models have been constructed of the hull. fireemodel is a hand-built, 1/6 scale
fiberglass model. This model was used in prelimyriasting to understand how the boat would

move through the water.
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Figure 25: Ben Working on Model Figure 26: Doug Water Tank Testing

Over the winter months, the team created a watdrttatest this model. Weights were moved
between the bow and stern to see the effects f@reift hull positions. This was done to study
the stability and hull position of the new boasimulated endurance and sprint configurations.
A scale weight of several times the competitionglieof the solar panels was well supported
and did not cause the model to sink or adverséécait stability.

A second model, 1/24 scale, was created by a @piotyper at the Tennessee Technological
University Manufacturing Engineering Technology gham from our Pro-E computer models

as seen in Figure 27. This very precise modelugas for demonstration purposes and includes
more details than our hand-built model.

CONCLUSIONS

Design and construction of a solar-electric powebszht and racing in an international
competition to promote clean boating technologiagehbeen an excellent learning experience
for students in the Electrical and Information HEregring Technology majors at UNI. In addition
to bringing classroom theoretical knowledge to iifean applied project, students have learned
how to work collaboratively in teams to solve prbk similar to those that they may encounter
in their careers after graduation. Similarly,algineering and engineering technology programs
are strongly encouraged to incorporate renewabkrggnbased senior projects into their
curriculum to promote eco-friendly energy technadsgfor a brighter future for our later
generations. Many interested local and regiormaafe or public elementary, junior high, and
high school students and teachers have visitedptoigct in the last five years. There has been
strong media coverage showing the project to tHai@uThis has also increased awareness of
Engineering and Technology among young lowans wtasglies are mostly dealing with
agriculture [9]. There is no doubt that studemtuégment has already been impacted positively
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as well. UNI prepared for and took part in theg8dbplash competition. Through planning,
strategizing, and faithfully executing the plan tkam improved UNI's overall placement in the
separate events over any other year’s effort. ittaly new boat, excellent testing, development
and harmony among the team members and facultgatedithat the UNI team will do much
better in 2007 Solar Splash than the previous yedlse team hopes to continue to improve in
the rankings at this year’'s competition, and hopest the countless hours of preparation
throughout the 2006-07 academic year will make ploasible.
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Appendix A: Objective for Solar Electric Boat devéopment in lowa

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 humala)tp, 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 welbashfe 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 gasposed by many types of boats on a number
rivers in lowa. Reduction of these pollutants ooy 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 groupeAcan River, released the report, which
cited toxins, nitrates, and untreated sewage asetisons for the pollution that put the lowa
River on the list. It's the first time an lowa nweas included on the list [1]. The savior of much
of the country’s ecological systems may be theinairtg development of simple yet effective
zero-emission solar-powered as well as hybrid boats

Worldwide there are more than 20 million boats &nig 10 million of them are in the USA.
Worldwide from average pleasure boats 236,000 m&tns of oil & oil products everyday year
is leaked into the water, equivalent to more thé&ntimes the amount spilled by the Exxon
Valdez in Alaska in 1989 [2-3].

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.prbject aims to develop and promote a
ZERO EMISSION eco-friendly boat for lowa lakes &ers!

The everyday use of these technological innovatiompsace 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 lighghefiberglass, solar boats have greater
buoyancy than heavier, traditional boats, whickemftreate large waves that slam into shore.
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Appendix B: Data Sheets, Specifications and MSDSdouments for Batteries

PC625
Specifications

PC 625 Specs: Odyssey design:
YB16-CLB replacement

625 cranking amps for 5 seconds

545 cranking amps for 10 seconds

480 cranking amps for 20 seconds
Short circuit current over 1800A

27 minute reserve capacity with 25amp

2 year full warranty
Rugged Drycell sealed
design

Military grade

Vibration resistant

60% more starting power

load Deep discharge reserve
Length 6.7"

Width 3.90" gi/vggrr storage life
Height 6.89"

Weight 13.2 Ibs 8-12 year design life
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The PC 625 is a direct replacement for the YB16-(@la number.

ODYSSEY PC 625performance data at 25°C, per 12V maodke

Time to 10.02v

Time Watts Amps Capacity Energy
(W) (A) (Gl)) (WH)

2 min. 1582 154.7 5.20 52.70
5 min. 986 91.6 7.60 82.20
10 min. 635 57.1 9.50 105.90
15 min. 478 42.3 10.60 119.40
20 min. 385 33.8 11.30 128.40
30 min. 281 24.4 12.20 140.70
45 min. 202 17.4 13.05 151.65
1 hour 159 13.6 13.60 159.0
2 hour 87 7.3 14.60 174.0
3 hour 61 5.1 15.30 181.80
4 hour 47 3.9 15.60 187.20
5 hour 38 3.2 16.0 192.0
8 hour 25 2.1 16.80 201.60
10 hour 20 1.7 17.0 204.0
20 hour 11 0.9 18.0 216.0
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Appendix C: UNI SOLAR BOAT FLOATATION CALCULATIONS

The UNI team used both Solid Works and Pro-E to ehtite new boat. With the team’s
extensive use of CAD, it was easiest to changeniduerial of the hull to water and have Solid
Works calculate the new mass. Buoyancy is creaydtie displacement of water. As modeled,
the boat will displace 288 pounds of water whemsettged.

Figure Al: Solid Works model of UNI boat createxveater.

Solid Works calculates the weight of the hull witle actual foam material to be only 40 pounds.
With all other components taken into account, thatlvill weigh approximately 230 pounds in
race trim. The weights are listed in Table Al.istnill yield a safety factor of: (288 — 230) /
288 = 0.2014 or 20.1 %. These calculations shawttie UNI e Boat, in the event of capsizing,
will not sink and has a safety margin of 20.1 %.
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Figure A2: Solid Works model of UNI boat usingusdtmaterial.

Table Al: Weight of hull and components

Item Weight

Battery Pack 70 Ibs.

2 PMG-132 DC Motors 50 Ibs.
Steering System and Brackets 25 Ips.
Drive Train with Prop 30 Ibs.
Misc. 15 Ibs.
Hull 40 Ibs.
Total 230 Ibs.




Appendix D: Solar PV Data Sheets
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Appendix E: BP Solar Inc., University Donation Pogram Documents
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