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EXECUTIVE SUMMARY

The objective of this project is to design, build, test, and race apsmiared edctric boat as part

of the international Solar Splash Competition. This is in effort to educate engineers and the public
on the possibilities of using solar power as a viable means of energy production for (but not
limited to) marine transportation.

The University of New Orleans Solar Boat Team had immense success at Solar28psh
winning boththe sprint and endurance competitiongmpressive fashion. All three sprint runs in
2009 were less than 23 seconds with a distant second place turningnénad #6.00 seconds.

For endurancehe second place team was out distanced by over two miles by the time the two
heats were finishedThe2010t e a m & swaseafresudt of 2009's second place finish despite
dominating the two main events. The ovefiaish was heavily influenced by operator error in
boththe slalom and qualifiemhe trials.

After winning the sprint and endurance competitions in 2009, the University of New Orleans will

be staying with the same halhd motorconfiguratiorsfor2010 The t eamds effort t
been to i mprove on the 2009 t e aomdlsectwrsofthed pl a
Solar Splash competiticemd to become even faster in sprint and endurance by fine tuning the

existing configuration.

To focus on events besides sprint and endurance the team focused their efforts on speed control

for slalom and data acquisition. Running the slalom time trial in the sprint configuration was
attempted for the first time at the 2009 and control of the crafilesh navigating the course
because there was no throttle utilized in the
parameters and found a suitable motor controller which will be used for speed control. To ensure
the optimal operation while in atbnfigurations, a data acquisition system has been designed and
implemented at the component level to be used in conjunction with on water testing.

To improve the overall sprint speed and endurance efficiency the systems were revisited and the
areas fothe most improvement were found. In the sprint configuration, the battery setup was
redesigned and an average power increase of 16% was measured over a 25 second on water test.
The area found requiring improvement for endurance was determined to bstatycsand

weight properties. Hull offsets were taken and a3three dimensional computer model was

generated so that it may be entered into General Hydrostatic Software. The major components of
the hull were weighed and their centers of gravity were foWdh the new available data the

proper trim and waterline was obtained to give the endurance hull its minimal viscous drag. This
yeards team has noticed a | arge i mprovement o
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INTRODUCTION

Solar Splash is an inteational intercollegiate solar/electric boat competition which features

teams from around the world competing in a 5 day event of solar powered marine propulsion

time trials The competition consists of a qualifying, sprint, endurance, and slalom events
testing the practical applications of the engi
powered cratft.

The University of New Orleans (UNO), School of Naval Architecture and Marine Engineering
(NAME) has been involved in the Solar Splash competitinoesil996 and competed 9 out of
those 15 yearsin 1999 the UNO'soverall performace of sixth place forced theam to make
significant changes in the next competitiafvith the support of NAME departmeanhd The
Louisiana Department of Natural resolg,dbeydesigned anduilt a new hull form for Solar
Splash Competition in 20008ince then, UN®asreused the hull and focused on refining the
power system designs and hydrofoil dynamics.

By participating in Solar Splasthe University of New OrleanSchool of Naval Architecture

and Marine Engineering has two goals in mifthe first goal is to give aspiringigineers
experience in desigand fabricatnthat is essential tthe succes®f an engineer in the

commercial marine field The second goalf the university is to expand the horizons of
engineering to include the possibility of solar power as a viable source of energy today, not just
in the future The University of New Orleans School of Naval Architecture and Marine
Engineering is committeto research and design in the solar powered electric propulsion field.

The focus 02010s development is on two different fronelectrical and operational
optimization. Because of the 20p8rformance, the teahas chosen to pursue the development
of a data acquisition The second path of development has heeatetermine the endurance

hull hydrostatics so optimal trim conditions could be met.

They have previous success in the competition and currently hold the world record for the sprint
which was seR009s finalsin 22.32 secondsThe primary goal of the UNO electric boat team

for 2010 is to compete with consistennyall categories andring the overall titldhome for the

first time inUNO history The team has experience and confidenca 2009 Sar Splash

World ChampionshipWinning both endurance and sprint competitions at the event and taking
the second place overall with a team consisting only of juniors did nothing but drive this year's
team. The founder of the electric boat teddr, William Vorus, will be retiring this Summer

and in his own words, "based off last year's performance, anything but first will be a
disappointment.”
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The 2010 UNO team members comprised of senior Naval Architecture and Marinedtmgn

students along with undergraduate students from the Electrical Engineering depatfineent

UNO team has grown to include not only student participation but also departmental

participation The Electrical Engineering Department has now joinedcs®with the School of

Naval Architecture and Marine Engineerind he EEO®Gs are using the Sol
capstone course for their seniorgheir current project idesigning a data acquisition system

capable of measuring and recording sprystesm parameters collected while testing and

providing real time system data to the endurance pilot to ensure optimal operation.

Faculty advisors for 2010 are Dr. William Vorus, Professor of Naval Architecture and Chairman
of the School of Naval Architture and Marine Engineering at UNO and Mr. Ryan Thiel from
the School ofNaval Architecture and Marine Engineering.

Sponsors
This year's effort would not have been possible if not for the genero$itynafourg Joy's

sponsors.The University of New Qeans Electric Boat Teamcludes its sponsors as part of
their teamis privileged to have on board, during the 2010 seanfollowing sponsors:
o Vorus and Associates
Altintas Shipyard
Northrgo Grumman
Nucon Marine Services
IEEE, New Orleans Section
National Instruments

CURRENT DESIGN

The Milneburg Joy was designed to comply with the limitations established by the Solar Splash
rules which are:
Rule 4.1 Registration

4.1.4 Driver 70 kg (154 Ibs)

Rule 7.1 Classes

7.1.1 Solar Slalom Batteries samas sprint portion
7.1.2 Endurance Batteries 31 kg (68.2 Ibs)
7.1.3 Sprint Batteries 45.5 kg (100 Ibs)

Rule 7.2 Technical Specifications
7.2.1 Length (Overall) 6.0 meters (19 ft, 8 in)

4
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7.2.2 Width (Beam) 2.4 meters (7 ft, 10.5 in)
7.2.3 Height 1.5 meters (4 ft, 11 in)
Rule 7.4 Power 480 watts maximum (one sun output)
7.4.3 System Voltage 52 VDC or AC RMS maximum
7.4.4 Source Voltage 36 VDC maximum (52 VDC for charging)

Rule 7.6 Stability
Maximum heel 15° with 10 kg placed at sheer

Rule 7.16 Safety

7.16.2 Buoyancy 120% of craft weight

Hull Design. Sprint requires an efficient planing hull. The longitudinal center of gravity of the
boat is Z in forward of the transom which allows highly efficient planing surfaces to be
developed thatire heavily loaded at the trailing edge utilizes large vertical accelerations for lift.
Themajor focus ofthis design was to achieve the minimum wetetine length in spint by

optimizing all li fting sufaces (both hdl and skis). Thisreduction in water-plane areareduced

the total wettedsurface area and the resulting drag since frictional resistance is a function of
wetted surface. Ithe sprint configuration, skis are located port and starboardt the

bow of the boat. Theskisare an inverted iV ashaped planing suface, similar so he hulls of

many planing craft. Theseskis provide 50 poundsof lift ead (100 poundstotal) and are
developed to lift the bow clear of the free surface at a speed of 30mp@ombined with

declining dead rise on the plagihull , te skis result in a minimal waterplane.

To achieve two distinct hull forms, a heavy trim by the bow is inducedrirAss increased,
thewaterline changes from a planing hull to a displacement hull. The superimposed waterlines
can beseen inFigure 1. Thechangein trim is achieved by raising theskis and adding weight
forward with the addition afhe solar array. This effectively moves the center of gravity
forward and moves the center of buoyancy aft thus increasing the trim lever lagntrim

givesthe craft athin symmetrical water plare area by raising the transom out of the water

For the endurance section of the competition, the hull is designed for full-displacement(fully
subnerged bowand stem). The hull is now optimized forull displacement becoming
a symmetric, narrow, and streamlined three-dimensiordl foil, much like that of a canoe. The
software General Hydrostatic sdftware (GHS) was usd for required computationamethods.
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Hull Analysis

Hydrodynamic analytical calcuians of the planing surfaces are done using the software
package, VsHull, developed by Dr. William S. Vorus. The program will take the hull to
planing equilibrium where it analyzes the lift and drag characteristics, change in trim, and
seakeeping abiles. The output is then used to modify the planing shape and center of gravity
until the performance and shape converge for ideal efficiency.

Figure 1. Superimposed Waterlines
Endurarcei (Blue)
StaticSprinti (Red)

By analyzing the hull (sprint configuration) in VsHull, it was foundthat the planing hull
suface shouldconcentrate thelift obtained from high pressue zones and skis over the aft area
of thehull. Thesehigh concentrations of lift resultin unwanted air drag. This, however, is
minimal compared with the large viscous (frictional) drag foundin displacement hulls with
large wetted area. It shouldbe noted that the transverse bottom sedions have no camber to
allow for clean flow along the bottom edge of the hull. The results of the VsHull planing
hull analysisappeas below. Especially noteworthy is the large lift to drag ratio of 11.06:1
in the sprint characteristics.

Sprint hull analysis:
Lift coefficient=0.627 Drag coefficient 5.70E02
Lift/Drag = 11.06 Speedength ratio= 17.74

The endurance full-displacanent condtion of the vessl allows basic hydrosttics
stemming from first principles to be used for cadculations. The displacement hull
characteristics were analyzed ireri&ral Hydrostatic Softwar@gGHS). The results were as
follows:

Endurance hull analysis:

Length =16.78ft. Waterline area (Water Plane) = 30.79ft
Depth = 0.43ft Speedength Ratio = 4.29

Volume = 7.085ft Length/Beam = 4.79

Length/Depth = 39.12 Beam/Depth =8.160

Waterpane Coefficient = 0.0524 Pressure coefficient 0.445
Block oefficient = 0.281
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Foil Strut and Hydrofoil Design

The desired warline in endurance cannio¢ achieved by thigim lever arm between the

centers of gravity and buoyancy aloria.analysis of the endurance setup, the use of astem
hydrofoil was deaded uponto generate aft lift Within foil design, the elliptical plan form

has the minimum induced drag associated with it and is the standard by which other designs
are compared. Rat her than reinvent the Awhe
with one modification:Hte foils will be elliptically skewed to create a straight trailing edge.
This will be done for ease of manufacturingftek consideration of a few commercial options,

a NACAG66 stern hydrofoil was selected to provide adequateTlifefoil is added 12 inches

below thewaterine. The depth is adequateadwoid both thedegrading free surface effects

and cavitation inceptionThis design was replicated from commeraa models and adapted to
theexisting endurance configuration. The skewed ellipticdibil seen in Figure 4 is the output

of AudCad foil created from a NACAG66 sectional offsdtseffectivelyraises the stem out of

the water three (3) inchesat an operating speed of 12 fpBhe resistance of the faystem

at the design speed is calculated at 22 Ibs.

Figure 2: 3-Dimensional view ofstern hydrofail

Propulsion

Sprint drive systems

This yeals competition will once again see th@rentworld record holding sprint power
systemused during last year's competitiahits finest. The governing design theory for the
sprint drive systens to completely drain the batteries in 300m whiaayatingas much
power as possiblend efficiently turning that power into thrushich translates into pure
speed when mated withe light weight planing hull described abave.

Sprint motor. Thecurrent sprintnotor isa Prestolight MGRI O 0 2 EX ( A EXO
designates experimentalasoriginally desiged as a forklift motor. UN®ad it modified
with an extra long commutater. It now accommodates a total brush area of 4 square inches. A
switchable shunt winding was added to facilitate theeiogh RPM, and the thickness of the

.
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castiron case has been increased. The latter two wsmédch to oppose each other, and
probably would, if this motor were operating within the original design window, but it is not.

Design operationf the electrical system during the sprint race would bes¢lsendmotor

switch is throwrcompleting the motor circyiB6-volts and 1500 amps are available, there is
an immediate seemingly infinite torque applied to the motor, but the RPM is limited by the
propeller, the supplied voltage drops to around.@olts due to internal losses, tREM
increases, voltage returns slightly, amperage falls, motor case saturates due to flux density,
voltage is limited by flux density, the shunt winding is switched out, flux density reconfigures
(slowly), voltage climbs, amperage climbs, RPM beginsitolgl batteries dying, cross the

finish line.

What should be noticed above is the tendency for the motor case to magnetically saturate; this
limits the voltage, and ultimately limits RPM. To prolong this from happening the UNO team
increased the caskitkness. With the thicker case, there is an increased torque but reduced
RPM. When the shunt winding is switched out, the current path is changed and the case is no
longer magnetically saturated, and the Rifbteases.

Sprint propeller. The propelleof theMilneburg Joymay be its most unique feature.
When designing the UNO boat, many factors were analyzed in the pasibilities of using
appendages. Much consiceration was given to thedrag penalties that are caused by the
appendages. The main focus soon became to eliminateall appendage snd neintain a
simplesystem. A propeller is a significant appendageassurfacepiercing propeller has been
designed with characteristics that closely match those of the motor. The advantages of a
surfacing propker are recognized in the reduction of viscous drag on the blades. This
reduction is a result of only od®lf of the propeller in the water and the blades having a
cavity of air that envelops the entire back of each blddhe design characteristics thie
propeller are:

Speed = 26.05 Knots RPM =2200 Thrust=160lbs Torque =44 Ibs HP =18.2

Sprintrudderdesign.Keepi ng with the themeuddrwasusdppendac
andsteerings achieved by the application of directional thrust. Usa afrface-piercing
propeller has resulted inproblems with crabbng at high speeds with the propeller at its
optimal trim position in the sprirdonfiguration. The causeof crabbingis that only half of
the propeller is submerged resulting in a side force generated by the submerged
portion. The unbalanced force produces a morent aboutthe longitudinal center of
buoyancy.To counierad this monent, an asymmetric fivas added to the propell er shaft

to oppase the sideforce caused by the surface-piercing propell er. Thefolil is twelve inches

from theleading edge of the propeller and is asymmetricd to off set theyawing moment of

the propellerwhile inducing as little drag as possilbe. As the mota/shaft assembly is rotated

on thetradksin thestem of the boat, therudder foil gives additional lift while eliminating the
yawing motionand providingassistancén steeing.

Endurance drive s/stem
For the 2010 competition, the UNO tean maintains the endurance dive system design of the

2009team. Unlike the sprint competition, where the underlying goal is to drain the batteries of
8
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all electrical clarge over the 30fheter coursehe endurance competition reliesaoongant
optimal battery powedraw over exactly 2 hourdacing the battery discharge rate tetzoRr
period and using the energy available from wiarspanelwill be the prevailing strategy for
most teams participatingll solar power is treated as extréhe input volage to the motor is
36 volts.

The motor seleded for the endurance setup is designed for usein an eledric wheelchair, but
matches the avail able input voltage of 36 volts. This motorhas an efficiency of 82% at 1750

rpm and runson 36 volts. The electric motor tranders powerthrough a 90 degree gear
box with areductionratio of 4:7. The endurance propeller is a typical tihaded style
propeller that has been developeith consultatiorby Vorus and Associates and machined by
Michigan Wheel Steerings achieved much the same way as sprint. Like sprint, the entire
endurance motor/foil assembly will pivot to create a directional thrust. The strut will also
generate lift while turning; this design has lead to a very efficient steering system th
consumes little power.

For the endurance motar, the speal control is handled by a brushless motor controll er.

Prior to 2009, UNO had used a Moog controller however the voltage cutout of
30V was undesirable since it left too much usable energy in the battefes.

combat the low voltage cutout of the endurance motor controller, a KBL48101,24V-48V,

BLDC Controller regeneration model was chosen from Kelly Controls, LLC. The

specification shed for themotorcontroller is available in Appendix|. Themotor

controller was seleded based on its operating range. Thelow voltage cutback is at 18V with

a cutout set at 16VThe regenerative model was chosen solely because it has a higher voltage
limit of 90V.

Power system design

Solar system design For the sprint configuration, the array will only charge the
batteries used for the race, but the panel will not be on thebaoat for radng. Duringthe
endurance portion of the Solar Splash competition, the aray will be on theboat and
continuousy charging the batteries duing therace

Weight and heat transfer are the major concerns, outside of the obvious structural concerns, in
the choice of array backing materials. To keep the weight down, UNO has chosen to use an
aluminum honeycomb board for its lightweight structural integrity dbility to transfer

heat away from the celldor added section modulus and electrical insulatlmnskins of the

board are 0.0ihch thick epoxy preimpregnated fiberglass. The modules will be permanently
glued to the backing board.

In theory, the setup shouldcompletely drain the batteries after two hours of radng regardless
of the array output.Dueto thevarnability in aray outputfrom differing sun conditions,a
max power point tracker is required for maximum power outplite
maximum power point tradker (MPPT) find and hold the point of consant maximum

9
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power output of the solar array. Due to changing conditions from clouds, shede, etc the
trackers need to seek the maximum power point at programmed intervals. For 201Q
UNO is utilizing an Outbadk MPPT-1000 Power Tradker. This tradker can be used for a
wide variety of systems and voltages and can easily facilitate therequired 36 volt system.
The Outback power point tracker proved to be a major improvement in 2009 over
its predecessas and has become an integral component of the solar power delivery system.
The saficdions sheet for the Outbadk MPPT-1000 is providedin Appendix K.

PROBLEM DEFINITION

The Solar Splash competition is an annuahpetition. UNO has a high tuwver of students

that are actively involved with the team; a complete redesign of the boat on an annual basis is
not a feasible goal. The number one priority of the students has to be their studies. The
prevailing philosophy says thah evaluation of last yeamperformance will outline this yéar

work.

2009Results
e Technical report 10"  Lacking in style andlarity.
e Display 4" Needed to address the function of the cratft.
e Qualifying gh Miscommunication with starting offial.
e Solar Slalom gh Lost control of craft
e Sprint 1% New World Record 22.38econds
e Endurance vkl Achieved optimal battery power draw

By reviewing the performance of this hull from previous years at the Solar Splash completion,
minor scoringtechnicalities appeardd bethelimiting factor forsuccessn 2009 For 2010,

UNO has not only concentrated on optimization ofsystem performancaf Milneburg Joy

but also the optimization e¢éam performance

To help the teardetemine Milneburg Joy'sbest operational envelopes for sprint and
endurance, the electricgystem operatingerformance had to be monitored. In order to
ascertain the electrical performance of the boatiethn haveen tasked with designing and
implementing a Data Acquisition System (DAQ). The DAQ will monitor motor voltage,
battery voltage, motor current, and turlmtage,vital power system temperaturé€sPS

velocity, and shaft RPMf each configurationThe DAQ must be portable betwesprint and
endurancend must be totally removable for sprint as it will only be used for testidgdue

to the weight sensitivity of the hull, is undesirable to be aboard during the sprint competition
For endurance mustdisplay real time information to the endurance pilot for optimal
operation.

Utilizing the DAQ, a new battery configuration for the Sprint would be analyZEuke sprint
configuration originally employed the use of three 42Ah 12V lead acid batteriesw A ne
configuration consisting of three banks of 13Ah batteries was proposed. Each bank would

10
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contain three batteries connected in paralkzlch bank wouldhenbe connected in series to
provide the overall 36V needett was hypothesized that the new battconfiguration would
lower the overall resistance contribution to the system while providing a greater short circuit
current thereby increasing power and efficiency. The challenge of implementing this new
configuration came in the form of space and lbarsfabrication, as the battery compartment
had been specifically designed for the original 42Ah configuration it was very difficult to
design and connect the new batteries in such a way that would not change the boat design

Throughout the year$jilneburg Joyhas never had throttntrolimplemented with the

sprint onfiguraton. Power had always been initiated by a switch making or breaking the
motor circuit. When participating in th&akbm eventit is critical thepilot havecontrol over

the vessel so as tnaneuver safelgndeffectively. In years past, the driver has had to manage
propeller trim, steering control, and toggle the switch for the motor on and off to achieve some
form of speed control. As is plainly evident, the driver drdg two hands so the task is
difficult from the start coupled with the fact that this toggling of power on and off rapidly is
detrimental to the performance, reliability, and stability of the electrical systém.will only

be the second attempt rungislalom in the sprint configuration arttde utilizationof a motor
controler was recessary for achieving speed contré throttle systemneeded to be

designed and implemented in such a way that it would allow for normal sprint configuration
operaion while providing speed control during the slalom.

The records of hydstatichull properties of thdlilneburg Joyhad been lost in Hurricane

Katrina and it was determined that, if the endurance configuration were to be improved, they
needé to be somehow regenerated. Particularly, the longitudinal center of buoyancy had to be
determinedso that the proper trim could be foufrdm the longitudinal centers of buoyancy and
gravity. In canjunction with finding the hull's hydrostatigoperties a weight takeoff was
performed. Originally, an itemized weight takeoff was performed during new construction but
due to countless modificatiomsnew weight and center of gravity was required to compliment
the new hydrostatics.

The strut which supportshe endurance propeller and hydrofeds sized to house tharive
shaft ard its beaings. This which gave a hydrodynamicallpdesiable length to width ratio of
0.4 which caused separatianthe aft end of the strut causing induced didgally, alength to
width ratio of 0.2 is desired to prevent separation. Since the width of the strut is required to
house its internal components, the length had to somehow be madiéiedieve the desie

ratio.

DESIGN CONCEPTS

Data Acquisition System DAQ)

National Instruments software and hardware were chosen to fulfill the rezpdised as both
exhibited extraordinary flexibility in terms of adaptability and portability. The DAQ system
consists of the components showrrigure3. The NI DAQ 9219 serveas the voltagéand
current) module, the NI DAQ 9211 serves as the temperature module, the NI DAQ 9411

11
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serves as digital input module for the GPS Speed sensor and the RPM Sensor. The NI cDAQ
9174 is a 4slot modulethat concatenates all the modubesviowsly mentioned to have a
single power source and a single USB connection to the netbook. The schematic for the

connection of the DAQ to the sprirdrdiguration is includedn AppendixR along with the
data sheets from the manufacturers.

Sensors

NIDAQ System
(ADC)

Netbook Display

e BatteryV & |
e PanelV &1

*NIDAQ9219
*NIDAQ9211
*NIDAQ9411
*NIcDAQ9174

¢ Labview on
board

* Temperature
*RPM
* Speed

® Polarized
screen

Figure 3: Data Acquisition Flow Chart

An ASUS Eee PC T91MT was chosen as the on board computer system, because of its small
size, light weight, and touch screen capability. The touch screen capahsityegmed

important botHor pilot interaction with the on board ggsn, and for possible future

expandability. This netbook has one VGA port for future expansion to a moreragsun

readable screen. It also has binlwireless (802.11g) access for possibly transmitting the
received data live to an eshore computeThe 1GB of orboard ram is enough to run an-NI
LabView program. Its lithium polymer battery provides enough power for about 4 hours of
continuous use on a full charge while not adding more than a pound of weight.

To measure the RPM of the driveshafBanrer SM312Dproximity sensor was chose his
proximity sensor generates a pulse every time a target crosses into its range. A special target
was needed in order to fill this task, and is pictured beldwgare 4. Thigarget was

mounted on the fly wred of the diveshaft gear at the forward enftlthe drive shaft. The

proximity sensor was mounted mid motor and was positioned aimed forward as can be seen in
Figure 5.

®

[

Lt inchy!

<2 inches—!

Sinch
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Figure 4: RPM Target

A Humming Bird HMGS8000MP GPS traceiver was chosen moeasureghe velocity of the

boa . The GPS unit added no additional drag on the boat and no substantial weight gain. The
GPS Speed Sender operates on 12 volts DC and transmits a pulse train whose frequency
depends directly on the velocity of the boat. €Tl DAQ 9411 is programmed to measure the
frequency and perform a pulse per mile conversion into speed.

K-Type Thermocouples measure vital temperatures within the power system including motor
temperature, current shunt temperature, and bus bar temperatu

<— Propeller Motor Chasis

- ===

Chain/Gears

Figure 5: RPM Sensor Placement

The DAQconnecs to the on board ASUS computer through a standard USB 2.0 connection
providing reliability and speed of display as well as storing the data on the netbooks 16GB of
available hard drive.

Figure6 shows aample test display the driver of the boat would see from the ASUS screen
for the sprint configuration. As can be clearly seen, the driver does not need to know the
various voltages, temperatures and speed during the race; they are only dispdayaitifont

for testing purposes. Thenction of the SprinVI is to record the data for testing purpgses
not display it tahe sprint pilot as he is preoccupied and doesn't require input anyway

DESIGN DESCRIPTION AND EVALUATION

Battery configuration

Previously, the team used three 42 Ah batteries in sekigsr examining the data sheets and
performing several calculationswas discovered that nidle8Ah batteries had a higher short
circuit currentcharacteristic Connecting three of these batésrin parallel to form a battery
bank, and then connecting these three banks in series, would provide the 36V required for the
motor voltage and would also improve the power and current. According to several theoretical
calculations performed under seaeassumptions, the new configuration would increase the

13
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power output of the battery system by an average of 16% throughout the entire 25 second run.

These numbers were calculatesed on internal battery resistance from the battery
specification sheetnd are detailesh AppendixF.

YA Elapsed Time ()2 Elapsed Time RPM

¥A Loop Counter 2

||
RPM
||

VA Divergence 2

Figure 6: Sprint Front Panel

Slalom motor control systemdesign

After collecting data on the electrigaérformance of the boat in the sprinnhéiguration, the

team decided upon ugjra Kelly ControllelKDH12100D This controller was capable of

handling and modulating the expectedrents which are present in the spriahfiguration. It

could be programmed utilizing an RS232 connection and controlled via a Curtis St§le PB

Pot Boxshown inFigure7. A throttle could then be mounted on the trim lever or the steering
wheel to allow the driver to be able to alter his speed throughout the run. Due to purchasing
issues existing at the University, the controller had not arrived in time to be tested and

included in the report, however the data sheet along with current measurements used to choose
the controller are locatad AppendixJ.

< POILYIID‘lllR SE.Obwrrs,-Speed Control, (PH6)

OQURTHGEN ey
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Figure 8: Curtis Style PB-6 Pot Box

Hydrostatic and weighttake-off evaluation

In order to determine the hydrostatic properties of the endurance hdipeeBsional

computer model had to constructed based off of the station offsets. To determine the offsets of
the hull, assistance from the National Center of Advanced Manufac{i@@yM) at NASA's
Michoud Assembly Facility was offered. Using a laser measurement system, a point cloud of
the hull was takewhich gave 2imensionalCartesiarcoordinates of the hull's surface. A

problem was encountered from reflectivity of the gldssly and the hull had to be destwith

a thin coat of plaster of Paris to obtain an acceptable surface assmanbe Figur®.

Figure 9. Plaster of Paris dusted hull

The bottom and starboard side of the hull was mapped and the two imagessitalesd
together to obtain the complete hull.

Once the point cloud was generated and cleaned up, éva®d intdVleshLab V1.2.2 which
was able to create a @mensional mesh of the two imagd$ie generated mestas required
to get theoffsets refeencedo the hullwhereasthe measurements taken were with respect to
the laser imaging systemi-igure 10 shows the bottom of the hull seen by the laser imaging
system and its associated mesh generated by Meshllate that the dusting had not been

15
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applied at the time of the picture.

Figure 10: Hull bottom as seen by laser imaging system and the associated mesh

The mesh was able to generate the offsetglired asn input to Rhinoceros 3D which is-a3
dimensional NURBS based modeling program. The generated model can beFgereiti

% Eboat - Riuncceros (Evaluation)
File Edt View Curve Suface Sobd Mesh Dimension Transform Tools Analyze Render Help

wersion 100, Dec 14 2009, 122351

cummusn

Dﬁgéﬁ'xbﬂﬁﬂ FPOLRPHAx>rPAB000@ T85:0

[Perspeciive |
I\II
o
>
i
g3
4
S<¢
LA
2.7
a8 &K
3
T
0z
(T

--

al- New [(Port TIMd [CCen Mt ClPep [Tan FlGuad Iknat (] Project [l STrack( ] Dassble
CPlane_x8.7 y-157 -HULL s.u. Ortho _Planar m-.p Record Hist my

Figure 11: 3D Rhino model

The resulting 3D model came out with some unexpected curvature however the hydrostatic
program used interpolates between 50 stations to obtain the hull form so this was not a major
issue. Finally, the 3D model was then expatt@to GHS to get the hydrosatic propertie®f

the enduranchkull mentionedn the hull analysis.The GHS report and hydrostatic cunas

shown in Appendi®P.

To get the centers of gravities of the two configurations it was determined that an itemized
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weight takeoff was not necessa@nly themotors, batteries, and nose corwfer between

the two configurations artie hull and driver are constant so otiiyse components were

analyzed. To determine the weight and center of gravity, each component was weighed and the
center of gravity was found as thedoating poim of the suspended item. All centers of

gravity were refeenced from the transomd sprirt and endurance center of gravity

calculations are documented in AppenBix The process is shown in Figur2.

Figure 12: Weight and center of gravity of the hull

CONCLUSION

The work performed by this y&abAQwadeaenor has
difficult design task and implemeration than expected buts now fully operational.
Extensive on water testing will be performed in the upcomingka/éeadingto Solar Splash

201Q During the tests, further analysis of the nguvint battery will be conducted to get a

better idea of théhow the boat handles with the increased power. As always, operator
proficiency is the most i mportant part of
This has been an issue in thestpand will not be one this year. Pilot familiarity with the
slalom speed control will also require extensive testing. To implement the results of the
hydrostatic and weight calculations of the endurance testing will be required once again.

Letés race.

17
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Appendices
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APPENDIX Kummingbird GPS Speed Sender

APPENDIX Banner Seltontained D&Operated Mode Sensors
APPENDIX Mhermo Couple Input Module

APPENDIX Niniversal Analog Input N19219

APPENDIX @General Hydrodynamics (GHS) Calculations of the Hull
APPENDIX BatteryAnalysis
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Appendx A
Proof of Insurance

Abstract

Appendix Ccontains theproof of insuraige required byRule2.8.
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EVIDENCE OF PROPERTY INSURANCE
ISSUE DATE:
December 17, 2009

THIS IS EVIDENCE THAT INSURANCE AS IDENTIFIED BELOW HAS BEEN ISSUED, IS IN FORCE, AND CONVEYS ALL THE RIGHTS AND PRIVILEGES
AFFORDED UNDER THE POLICY.

PRODUCER COMPANY

Office of Risk Management — DOA
Post Office Box 91106 Louisiana Self Insurance Fund
Baton Rouge, Louisiana 70821-9106

INSURED : State of Louisiana LOAN NUMBER:
University of New Orleans
254 University Center EFFECTIVE DATE EXPIRATION DATE
New Orleans, LA 70148 (MM-DD-YYYY) (MM-DD-YYYY) CONTINUOUS
UNTIL
07-01-2009 07-01-2010 TERMINATED IF
ORM AGENCY LOCATION CODE: 4460 CHECKED

PROPERTY INFORMATION

LOCATION - DESCRIPTION

Proof of coverage for UNO's School of Architecture's 19' boat valued at $7700 for the “Solar Splash” Competition in Fayetteville,
Arkansas,

COVERAGE INFORMATION

POLICY COVERAGES - PERILS - FORMS AMOUNT OF INSURANCE DEDUCTIBLE
NUMBER
BP20092010 All Risk Broad Form Property Caverage, including flood and | Bullding: Nat Applicable $1,000 Per Occurrence-All Perils
eanthquake, subject o Palicy Exclusions and limit of $50,000,000 Excluding Flood
SOmDITRLIRNS WISk por coRIToRon Contents/Movable | Actual Cash Value $5,000 Per Occurence-Flood
Propery:

REMARKS (INCLUDING SPECIAL CONDITIONS)

CANCELLATION

THE POLICY IS SUBJECT TO THE PREMIUMS, FORMS, AND RULES IN EFFECT FOR EACH POLICY PERIOD. SHOULD THE POLICY BE TERMINATED,
THE COMPANY WILL GIVE THE ADDITIONAL INTEREST IDENTIFIED BELOW 30 DAYS WRITTEN NOTICE AND WILL SEND NOTIFICATION OF ANY
CHANGES TO THE POLICY THAT WOULD AFFECT THAT INTEREST, IN ACCORDANCE WITH THE POLICY PROVISIONS OR AS REQUIRED BY LAW.

ADDITIONAL INTEREST NATURE OF INTEREST
[J MORTGAGEE [ ] TRUSTEE []LOSS PAYEE
| [J (OTHER)
Solar Splash Headquarters SIGNATURE OF AUTHORIZED REPRESENTATIVE
Mechanical Engineering Department
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Appendix B
BuoyancyCalculations

Abstract

Appendix B contains theweight and bugancy calculations for the2009 sprint and
endurarce configurations.lt alsocontains thelongitudinaland vertical center of gravity
calculations.
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Center of Gravity

item Weight from Transom Moment (LCG)

Units Ibs in Ibs x in
Sprint nose cone 12 115 1380
Sprint batteries 13EP + bal 105 32 3360
Sprint service battery 7 32 224
Sprintmotor 137 14 1918
Hull 116 90 10440
Driver 154 50 7700

1 531.0 25022.0
Combined LCG | 47.12 | in forward of the transom

2010 Sprint Configuration Displacement Calculations

Item Surface Area Thickness Volume
Units (ft2) (in) (ft3)
motor [-] [-] 1.43
hull surface area 175.4 0.25 3.654
strut 0.75 0.125 0.008
control box 0 0 0
dash electrical 0 0 0.01
wire 0 0 0.02
wheel 0 0 0.017
shift 0 0 0.01
foam (P & S) 0 0 3
ski (P &S) 0 0 0.4
batteries 0 0 0.59
rope & pulleys 0 0 0
forward pulleys 0 0 0
Forward Wing 1.17 0.25 0.024
Aft Wing 0 0 0
misc. 0 0 0

Mil neburg Joy
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Weight of the outfitted hull = 531.0 lbs
Available Buoyancy 4 61.4 |bs

2010 Endurance Configuration Center of Gravity

. . Center of Gavity from Moment
ltem Weight Transor;y (LCG)
Units Ibs in Ibs x in
Endurance nose cone 105 128 13440
Endurance batteries, 26EP 66.9 142 9499.8
Endurance service battery 7 142 994
Endurance motor 42 -10.5 -441
Hull 116 90 10440
Driver 154 50 7700
1 490.9 416328
Combined LCG| 84.81 | in forward of the transom

2010 Endurance Configuration Displacement Calculations

Item Surface Area Thickness Volume
Units (ft2) (in) (ft3)
motor [-] [-] 1.43
Hull Surface Area 175.4 0.25 3.654
strut 0.75 0.125 0.008
control box 0 0 0.01
dash electrical 0 0 0.01
wire 0 0 0.02
wheel 0 0 0.017
shift 0 0 0.01
foam (P & S) 0 0 3
batteries 0 0 0.59
solar panels 49 0.25 1.021
rope & pulleys 0 0 0
forward pulleys 0 0 0
Forward Wing 1.17 0.25 0.024
Aft Wing 1.57 0.25 0.033
misc. 0 0 0

Total displaced volume : 8.74 fe

23
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Total displaced weight : 563.7lbs
Weight of the outfitted hull = 490.9 Ibs

Available Buoyancy 4 72.8 Ibs

Appendix C
Material Safety Data Sheet

Abstract

Appendix Ccontains the Méaerial Safety Data She€MSLS) in accordance 2010 Solar
Splash rules for the sprint and endurance battery configuration.
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1N
\v/
Fower Fun Sofutsons ™ NFPA 704 RATING

INFORMATION ONLY - Please read Section X

SECTION I - Product and Manufacturer Identity

Product Identity: Revision Date: November 16, 2007
Supersedes: September 7, 2006

Sealed Lead Battery
Cyclon®, Genesis®, SBS, SBS J, Hawker XE™ Odyssey® or Trolling Thunder™

Manufacturer's Name and Addrass: Emergency Telephone Number:
EnerSys Energy Products Inc. (formerly Hawker Energy Products Inc.) (660) 429-2165
617 North Ridgeview Drive Customer Service Telephone Number:
W arrensburg, MO 64093-3301 800-964-2837
SECTION Il - lngredlents
Hazardous Components CAS # OSHA PEL-TWA % (By weight)
Lead 7439-92-1 50ug/m> 45-60 %
Lead Dioxide 1309-60-0 50ug/m’ 15-25%
Sulfuric Acid Electrolyte 7664-93-9 1.0 mg/m* 15-20%
Non-Hazardous Materials NA NA 5-10%
SECTION Il - Physical/Chemical Characteristics
Boiling Point - N/A Specific Gravity (HoO=1) - NA
Vapor Pressure (mm Hg.) - NA Melting Point- N/A
Solubility in Water - N/A Appearance & Color - N'A
SECTION IV - Fire & Explosion Hazard Data
Flash Point (Method Used): N'A Flammable Limits: N/A LEL: N/A UEL: NA

Extinguishing Media: Multipurpose Dry chemical, CO, or water spray.
Special Fire Fighting Procedures: Cool Battery exterior to prevent rupture. Acid mists and vapors in a fire are toxic and corrosive.
Unusual Fire and Explosion Hazards: Hydrogen gas may be produced and may explode if ignited. Remave all sources of ignition.

SECTION V- Reactivity Data and Shipping/Handling Electrical Safety

Conditions to Avoid: Avoid shorting. high levels of short circuit current can be developed across the battery terminals. Do not rest
tools or cables on the battery. Avoid over-charging. Use only approved charging methods. Do not charge in gas tight containers.

Requirements for Safe Shipping and Handling of Cyclon. Cells:
Warning — Electrical Fire Hazard — Protect Against Shorting
« Terminals can short and cause a fire if not insulated during shipping.

. CA(cIono product must be labaled “NONSPILLABLE" during shipping. Follow all federal shipping regulations. See section IX of
this sheet and CFR 49 Parts 171 through 180, available anytime online at wwww.gpoaccass.gov.

Requirements for Shipping Q/clono Product as Single Cells

« Protective caps or other durable inert material must be used to insulate each terminal of each cell unless cells are shipping in
the original packaging from EnerSys, in full box quantities.

» Protective caps are available for all cell sizes by contacting EnerSys Customer Service at 1-800-964-2837.

Requirements for Shipping Q'clcono Product Assembled Into Multicell Batteries

» Assembled batteries must have short circuit protection during shipping.

» Exposed terminals, connectors, or lead wires must be insulated with a durable inert material to prevent exposure during
shipping.

SECTION VI - Health Hazard Data

Routes of Entry: N/A Health Hazards (Acute & Chronic): N'A
Emergency & First Aid Procedures: Battery contains acid electrolyte which is absorbed in the separator

matarial I Rattary fraces e ruincttirasd reamelatabls fhieh armv ralaacadd
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SECTION VI - Health Hazard Data (Continued)

Proposition 65: Waming: Battery posts, terminals and related accessories contain lead
and lead compounds, chemicals known to the State of Califomia to cause
cancer and reproductive harm. Batteries also contain other chemicals
known to the State of California to cause cancer. Wash hands after
handling.

SECTION VII - Precautions for Safe Handling & Use

Steps to be taken in case Avoid contact with acid materials. Use soda ash or lime to neutralize.
material is released or spilled: Flush with water.
W aste Disposal Method: Dispose of in accordance with Federal, State, & Local Regulations. Do

not incinerate. Batteries should be shipped to a reclamation facility for
recovery of the metal and plastic components as the proper method of
waste management. Contact distributor for appropriate product return
procedures.

SECTION VIII - Control Measures - Not Applicable

SECTION IX — Transportation, Shipping and Handling

EnerSys Energy Products Inc. batteries are starved electrolyte batteries which means the electrolyte is absorbed in the separator
material. The batteries are also sealed. As of September 30, 1995, EnerSys Energy Products Inc. batteries were classified as
"nonspillable batteries”, and as such are not subject to the full requirements of 43 CFR § 173.159. The pravious exempt
classification, "Dry Batteries, Not Restricted”™ was discontinued effactive September 30, 1995. "Nonspillable™ batteries are
axcepted from the regulation’s comprahensive packaging requirements if the following conditions are satisfied: (1) The battery is
protected against short circuits and is securely packaged. (2) For batteries manufactured after September 30, 1995, the battery
and outer packaging must be plainly and durably marked "NONSPILLABLE" or "NONSPILLABLE BATTERY". (3) The battery is
capable of withstanding vibration and pressure differential tests specified in 49 CFR § 173.159(d). (4) At a temperature of 55 °C
(131°F), the battery must not contain any unabsorbed free-flowing liguids, and is designed so that slectrolyte will not flow from a
ruptured or cracked case.

EnerSys Energy Products Inc. batteries have been tested by WYLE Scientific Services & Systems Laboratories Group and
determined to be in compliance with the vibration and pressure differential tests contained in 48 CFR § 173.159(d), and therefore
as of September 20, 1985, excepted from the DOT requirements set forth in 49 CFR § 173.159, other than paragraph (d).

Battery shipments from EnerSys Energy Products Inc. Warmrensburg location, will be properily labeled in accordance with
applicable DOT regulations.

Packaging changes performed at other locations may require additional labeling, since in addition to the battery itself
containing the required marking, the outer packaging of the battery must also contain the required marking:
"NONSPILLABLE"” OR "NONSPILLABLE BATTERY". Because the batteries are classified as "Nonspillable™ and meet the three
conditions above, [from § 173.153(d)] they do not have an assigned UN number nor do they require additional DOT hazard
labeling.

The regulation change effective September, 1985, was to clarify and distinguish to shippers and transporters, all batteries that
have been tested and determined to be in compliance with the DOT Hazardous Material Regulations, the international Civil
Aeronautics Organization (ICAO), and the International Air Transport Association (IATA) Packing Instruction 808 and Special
Provision A67, and therefore excepted from all other requirements of the regulations and classified as a "nonspiliable battery”.

Per 42 USC Section 14322 (US Code Title 42 — The Public Health and Welfare), packaging must be marked with the following:
“Contains Sealed Lead Battery” and “Battery Must Be Recycled”.

SECTION X - Additional Information

The EnerSys Energy Products Inc. sealed lead acid battery is determined to be an "article” according to the OSHA Hazard
Communication Standard and is thereby excluded from any requirements of the standard. The Material Safety Data Sheet is
therefore supplied for informational purposes only.

The information and recommendations contained herein have been compiled from sources believed to be reliable and represent
current opinion on the subject. No warranty, guarantee, or representation is made by EnerSys Energy Products inc., as to the
absolute correctness or sufficiency of any representation contained herein and EnerSys Energy Products Inc. assumes no
responsibility in connection therewith, nor can it be assumed that all acceptable safety measures are contained herein, or that
additional measures may not be required under particular or exceptional conditions or circumstances.

N/A or Not Applicable - Not applicable for finished product used in normal conditions.
Informational MSDS Part Number 2602-0043 Rev. 3 (11/1&/07)
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Appendix D
Solar Panel Catulations

Abstract

Appendix D contains Sample calculationsto compute the solararray area required given
the 480watt maximum output taking into acwmunt the efficiency of the solar cdls.
Addtionally, samplecalculationsare included that showhow the entire system acts asa
whole.
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The onesunrule states that on the equator, a solar colledor that is one meter square,
100%efficient, in perfed wedaher conditions, will poduce 1 kilowatt of power.

Today we see solar cdls that range in efficiency from 10% to 22%. If the particular solar
colledor is 15% efficient under one-sun conditions, the colledor will only put out 150
watts of power. This then says the overal size of your collector may not exceel 3.2
square meters.

A Example:

150 =.15,, X 10004

watt
meter® (available) meter

480 yats (allowed) =32

150 watt/y metes?

meter (available)

Thesolar panels are limited toan outpu of 480 Watts.
A To establish themaximum current avail able from the panels, in onesunconditions:

1333 _ 48Owatts(available)
amps — T
olts

The maximum currert availade from the solar panel is 13.33ampsin ided conditions.
The race committee would like to see ided condtions but more likely, the outputof the
panels will only be 60-65% of the maximum avail able.

A Theanticipated contribution from thesolar panels is:

8.665,,,, =0.65, x 1333

amps
Theanticipated current suppled by the solar panels is 8.665%amps.

We have seen that the current hull design has an estimated hull resistance of 26 |Ibs.From
this, wecan begin to match thepropulsionsystem.
A Theeffedive horsepower neededis cdculated as follows:

_ Resstance xVdocityy,y,
Hpeff - 550
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26, x 1466y,
693y, o1t = s

550
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Thisis theeffedive hp neaded to popel theboat at 14.66ft/sif the propeller is 100%

efficiert. A propeller that is 100%efficient is not pasibletoday. A moreredistic goal is

70%efficiency.

A Thehorsepower needed to propel the boat at 1466 ft/s (10mph)with apropell er that
is 70%efficient is:

H
BHP = Pefl__
% Efficienty

Example:

693
99 BHp=__Hpef_
70,

Theadual power nealed by theboat at 1466 ft/s (10 mph)is .99BHP (Brake
horsepower).

Now the system losses need to be calculated.

A Themedanicd losses ketween themotorand thepropell er are nomiral but do have
avalue at appoximately 2 %

D4

lOal :E

Thisis at themotar.

To calculate the power needed to supfy this hasepower the efficiency of the motormust
beconsicered. TheAviox motorhas an expeded efficiency of 92%at 6,000 rpm.

A Thepower supplied to the motormust ke:

1.01,
1.09,, :sz/p = 819as

This819-Watts must besupplied by the batteries and/orthe solar panels.
A Usingamean voltage during therace of 36 volts,the current demand can be figured.

22.75, = 31hats

amps

olts

The eledricd is nat 100% efficiert either.

A If the electricd runs are kept shat and high quality parts are used a95% efficiency
can beredized

2275
2394, = 95:““98
%
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Thisis theadual current consumption. It takes into acomuntall system inefficiencies and
sets thedemand criteria to maintain theboat at 14.66ft/s.

From Appendices 2.1.2we see that thecurrent avail able from thesolar panels can be
anticipated at only 8.665amps

A Theremaining amperage must besuppied by the batteries.

15282 = 2394amps -8.665

amps amps

648 Watts Maintained For 2.08 Hours

40.00 -
2 e ——

35.00 —=
-]
5 Y
(=N
S 30.00
oL
= 2500
= f
@ 20.00 ———————
E PR
S 1500
=

10.00

0.00 0.50 1.00 1.60 2.00 260
Time (Hours) | —voltage ——Amperage

Fioure 7: Battery current and Svstem Voltage ys Time for 648 Watts of Power

31
Mil neburg Joy



THE UNIVERSITY 0f m——
NEW ORLEANS

Appendix E
Stern Hydrofoil Design Calculations
Abstract

Appendix E contains the Stern Hydrofoil Design Calculations for the -20dl endurance
configuration.
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Objective

The objective is to calculatime different components that makeup the minimum pressure envelope
surrounding a NACAG66 foil form with a 0.8 camberline and a maximum Thickness/C of 0,45 (T

Procedure

The optimum foil, as defined by @&setotal angleBchangek et t ,
without occurrence of cavitation for a given sigran © .

Where:
Lift
=——— (Eq. 1
o2 Pe_q_ v+ (Eq. 2 & 2b)
% pU? U
Remembering that:
P = Pam+ P92 (Eq.3)

If the cavity pressure (pis equal to and evaluated at the vapor pressyyrefthe liquid then sigma is
in fact equal to and the same as the coefficient of pressige Then -C can be algebraically

rear r an g e dalform, the Bethaulli equatiag.i

(Patm + P92)+(Cp - % PU?) = p, (Eq.4)
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The camber line is:

1
50 =5 [ e (Eq5)
EATEEN

with Ay(D) =0

In this form, the static and dynamic components are easily identified and can be worked with
individually then superimposed at a later time. Referring now to equation 2b, the corrected velocity
(V<) has four components that sum together.

They are:

U , Forward velocity of the foil

u, = Velocity due to attack Angle

Ay o (X) (Eq. 6)

N |-

u; = Velocity due to camber

U x

u; = Velocity due to thickness

_U'Tm ! (/
= S 6[§ “d¢ (Eq.8)

|
After summing, the Lighthill correction is applied and substituted back into Eqg. 2b.
A =(U +E+u_i+E)- fcf—' Eq.9
Cc f gi +}é'r|e ( q )
Where [, = 0.448 * T2
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By sorting the data points for a minimum pressure at Alfas rangingiféota 6 degrees and plotting,
the Brocket bucket is craal. With the highest velocities are found on the back of the foil. The
corresponding the minimur@,s are also found on the leading edge of the foil hence the Brockett
bucket is a plot of the minimum pressures along the leading edge of the foil inrthal perating
condition.

Interpreting the data

For a giveri C, draw a line vertically through the graph. At the point where line crosses the Brockett
bucket the foil section will develop leading edge cavitation. This is true in all easegtwherethe
bucket is oriented more vertically than horizontally. Inside of the bucket the foil will operate without
cavitation at all points where the minimurg i€ greater than the operating sigma. It is interesting to
note here that by operating on the velljcariented axis back bubble cavitation will occur at
approximately miechord.

With these parameters in mind, to choose the optimum foil we will need the greatest variation in the
angle of attack. This suggests that we want to operate as close adeptssibr sigma there by
maximizing our range of Alfas. We do have some options in the construction of the foil section. By
increasing the radius of the leading edge (RLE) the bucket width can be increased which increases the
range of Alfas butdoes notsignificantly affect the range of operating sigma. Another method of
increasing the operating range is to increase the thickness of the foil; this does broaden the bucket but
has the adverse effect of pulling the total range of operating sigma down.

Using equation two from above the operating sigma of the UNO f@iDid using the initial leading

edge radius will restrict the range of Alfas. Increasing the thickness would pull the bucket back,
leaving the foils to fully cavitation. The operating randethos foil section is +1.4 degrees i®.6
degrees off the ideal angle of attack. This range only marginally meets the teams requirements.

Results
Maximum thickness 0.48in
Stern Hydrofoil Specifications
Span 4.00ft.
Chord 0.5ft
The ideal angle of attack is: 2.5
Maximum angle of attack is: 3.9¢
Minimum angle of attack is: 1°96
Resistance 9.91lbs
Lift/Drag 29.15
Down wash velocity 1.06 ft/s
Maximum thickness 0.48in
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When comparing the empirically calculated resistance to the analytically calculated resistance there is
approximately a 4% difference on the conservative side.

By using changing the leading edge radius the team has brought the foil into an ideal operating range.
be critical for the
This is probably not a realistic goal thdugnd they should expect to see some leading edge cavitation.
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PRESSURES ON UNO FOIL SECTION
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Appendx F

Battery Specifications
Sheet

Abstract

Appendix F contains information on the EnerSys batteries. The-phate leadacid batteries:
GP42EP for endurance and the G13EP for sprint were selected.
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The Genesis EP thin plate pure lead battery excels in demanding
environmental and cycling applications such as:

M Electronics

M Medical Equipment

M Telecommunications

M Lawn & Garden Equipment
M Computer Backup

W UPS

Battery Design

M 12V pure lead-tin VRLA AGM
battery

M UL 94V0 flame retardant case
and cover optional

M M6 female no-maintenance
terminals

M Can be installed in any
orientation except inverted

M Rugged construction
(optional metal jacket)

W Approved for shipping as
non-hazardous, nonspillable

ner

Power/Full Solutions

Performance Features
W -40°C to 80°C (-40°F to 176°F)
with metal jacket

W 300+ full depth of discharge
cycles

M High rate charge and
discharge

M 2 year shelf life at
25°C{7T°F)

W Superior deep discharge
recovery

M UL listing - file No. MH12544
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RANGE SUMMARY

Publication No: US-EP-RS-001 April 2006
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General Specifications

chiimlmp Mominal Dimensions

10 hrrate Oweral Indernal Typieal
Typs Wominal o 18TWpe Length Widih Halget Walgh Torque Realetance  Shorl Circus
Vollags (V] @ 25°CTTF mm n mm In mm In kg Ibe Inbs Hm (mey}  Currant ()

12 13 1755 6.91 B33 3.8 1298 511 45 10.8 =l 56 85 1400

G16EP 12 16 1816 715 762 300 1679 6561 61 135 30 56 75 1600
G26EP 12 26 1669 637 1758 692 1260 496 01 123 2] 638 50 2400
CHIEP 12 41 1974 7.77 1659 653 170.7 672 149 319 L] 6.8 45 2600
GTEP 12 T 3307 13.02 1681 662 1760 693 243 335 &0 68 35 3500

Constant Cwrrent Discharge Performance
Constant cwrrent discharge mte, amps to 10002V at 25°C (77T)
MWinutes Hours.

Bathary E 10 15 k1] 1 g ] 10 F. ]
G13EP 0.3 416 322 15.6 104 15 16 13 0.7
G16EP 0.0 M3 40.1 230 127 30 20 1.6 08
G26EP 1434 90.7 674 39.0 217 50 32 26 14
CHIEP 21z 1384 104.1 60.8 3318 79 51 4.2 13
GTIEP 3424 22835 1734 1025 574 13.4 87 71 39

Constant Power Discharge Performance
Constant power discharge rate, watts per battery to 10002V at 25°C(77°F)
Minutes Howrs

Bathary £ 10 15 k1] 1 £ ] 10 . ]
G13EP 7554 4818 361.2 1316 121.2 9.4 19.2 156 54
G16EP 9756 509.6 4536 2646 1902 360 234 192 10.2
G26EP 15320 995.0 751.0 4440 2510 590 380 310 16.0
CAIEP 2910 1240.0 1173.0 698.0 3940 94.0 62.0 1.0 8.0
GTIEP 36800 25150 19400 11730 6780 161.0 105.0 86.0 47.0

Charge Voltage
Cyclic use: 147V to 15.0V at 25°C (77°F) No current limit
Float use: 133V to 13.8V at 25°C (77°F) No current limit
1SO
9000
Distribured by:
EmnerSys EnerSys EMEA
PD. Box 14145 Brussels, Belgium
Reading, PA 196124145 Tel +32 (0)2 47 0447
RIS UsA
Tel: +1-610-208-1851 EmerSys Asia P——

WRAW.BNErs s OO

+1-804-538-3627
Fax: +1-610-372-8613

Guangdong. China
Tel +86-755-2689 3630
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Appendix G
Component Information

Abstract

Appendix G contains information about the componentsedsin 2010 Solar Splash
competition. This includes the part name, part number, company name, and company
address.

Part Name Part Number Company Name Company Address
Motor Controller KBL48101 Kelly& Motor OnlineStore
(Endurance) Controller
Motor Contoller KDH12100D Kelly& Motor OnlineStore
(Sprint) Controller
Enduarnce Batteries G42EP EnerSys P.O Box 14145
Realing, PA 19612
Sprint Batteries G13EP EnerSys P.O Box 14145
Realing, PA 19612
Power Tracker MX60 Out Back Power 1900962 Ave
Arlington, WA
98223
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Appendx H
Endurance Motor Controller

Abstract

Appendix Hontains information on the Kelly Brushless DC Motor Controller selected for use in the
Endurance Configuration. This item was selected for its low supply voftags¥ o
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Kelly Brushless DC Motor Controller

Features

sIntelligence with powerful microprocessor.
«Synchronos rectification, ultra low drop, fast PWM to achieve very high efficiency.
«Current limit and torque control.

Low EMC.

«Battery protection: current cut back, shutdown and wamning at low
battery.

+Thermal enhanced rugged aluminum housing. Rugged connectors.

«Thermal protection: Current cut back on low temperature and high
temperature to protect battery and controller.

*No adjustment required.
«Compatible with 60-degree or 120-degree hall position sensor.
«Support any number of poles.

«Up to 60000 electric RPM. (electric RPM = mechanical RPM * motor
poles) =

«Throttle or brake sensor open wire detection and protection.

+High pedal protection: Disable operation if power up with non-zero
throttie.

«Full Programmable with RS-232. Software upgradeable. Windows GUI software provided free.

Optional Features
*PWMable Reverse Alarm.
*Brake Switch for regeneration.

«Analog Brake Input for continuous variable regeneration.
Specifications

eFreguency of Operation: 16.6kHz.

«Standby Current: less than 3 mA.

«Supply Voltage, PWR, 18V to 90V.

«Supply Current, PWR, 150maA.

«Standard Throttle Input: 0-5K ,5-0K ohms,0-5 Volts,5-0 Volts.

*Analog Brake and Throttle Input: 0-5 Volts.
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*Reverse alarm: <150mA.

«Full Power Operating Temperature Range: 0C to 50C (controller case temperature).
*0Operating Temperature Range: -30C to 90C, 100C shutdown (controller case temperature).
eArmature Current Limit, 1 minute: 100A / 150A / 200A / 250A / 300A / 400A / 500A / 600A .
«Armature Current Limit, Continuous: 50A / 75A / 100A / 125A / 150A / 200A /250A / 300A.

KELLY BRUSHLESS DC MOTOR CONTROLLERS

Model 1 Minute Current(Amp) Cuczz'::t‘zl :':;) Voltage(Volt)
KBL24101 100 50 24
KBL24151 150 75 24
KBL24201 200 100 24
KBL24301 300 150 24
KBL36101 100 50 36
KBL36151 150 75 36
KBL36201 200 100 36
KBL36301 300 150 36
KBL48101 100 50 48
KBL48151 150 75 43
KBL48201 200 100 438
KBL48301 300 150 43
KBL484018B 400 200 48

KBL48501B 500 250 48
KBL48601B 600 300 438

KBL72101 100 50 72

KBL72151 150 75 72

KBL72201 200 100 72

KBL72301 300 150 72
KBL72401B 400 200 72
KBL72501B 500 250 72
KBL72601B 600 300 72
KBL12151H 150 75 120
KBL12221H 220 110 120
KBL12251H 250 125 120
KBL12401H 400 200 120
KBL14151H 150 75 144
KBL14251H 250 125 144
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Appendix |
Sprint Motor Controller

Abstract

Appendix tontains information on the Kelly High Speed / PM Motor Speetider selected for use
in the Sprint Configuration.

45



THE UNIVERSITY 0f m—
NEW ORLEANS

KDHD High Power Series/PM Motor Speed Controller

Features:

wWLY(dStftAISYOS SHAGK LRGGSNFdz YAONRBLINROSEAZ2 NI
w/ dZNNByYy G tAYAG YR (2NJjdzS O2y (iNRf @

w[ 26 9al ®

w[ 95 FI dzf i eBuBdg.KSt LJA dza S NJ

w. FGGSNE LINRPGSOGAZ2YY OdzNNByild Odzi o6l 013X aKdziR24y |
w wdzZ33SR | fdzYAydzY K2dzaAy3d F2N YIEAYdzY KSIFd RA&&AL
WEKSNYIFE LINPGSOGAZ2YY [/ dINNByild Odziol 01 G t2¢ GSYLIS

and controller
wl AFK LISRIE LINPGSOGAZ2YY 5A-detodhtofle. 2 LISNI A2y AT LR6S
w9l ae Ay HKtwd viiresipdtehtiorietencan work.

General Specifications:

WCNBIjdzSyOe 2F hLISNIGA2YY mMcdcll il o
w{lllyRoe& .FTGGSNER [/ dNNByGY fS3da GKIYy m Y! o
w{ dzLJLX & PWR 10V to 30§@4V is preferred).

w{ dzLJLJX & [/ dINNBYy iz uwnnY! X MH*X 2NJ] HDp?2
WhLISNFGAYy3 2t 43S . b my+x (2 mMoc=

wCdzf f t 26 SN ¢SY td0] (contzdlBr casd tgfripedature)

whLISNI GAY 3 ¢S YamSiNDos d0S shutdowird(@troller caseemperature).
wa2lU2N) / dNNBYyd [AYAGE ™M YAydziSay wmnnn!
wa2l2N) / dNNBYyG [AYAGSE O2yGAydzzdzaAaYnnann!
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Appendix J
Outback Solar Panel Tracker

Abstract

Appendix gontains information on the OutBack MX60 MPPT Charge Controller. This component was
used in 2009 with goods results and will be used again in 2010 Solar Splash Competition. It was
selected for its low battery voltage of 12 VDC.
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MX60 QutBack

Power Systems

Maximum Power Point Tracking Charge Controller

O,}:‘Jgnck

Active Maximum Power Point Tracking wer Systems

High Operating Efficiency
Battery Voltages from 12 VDC to 60 VDC

PV Arrays up to 150 VDC Open Circuit

Negative or Positive Ground Systems

The MX60 is on the cutting edge of charge controller design.
OutBack’s real time active Maximum Power Point Tracking (MPPT)

Builtin Data Logging system ensures that your solar array is operating at its peak power
point regardless of age, shading or environmental conditions. A peak
Standard 2 Year Warranty operating efficiency of 98% maximizes your PV array’s performance.

The MX60’s wide DC input range and 60 amp DC output current
rating for 12, 24 or 48 VDC systems provides unmatched flexibility
in the wiring as well as the sizing of your solar array. The ability to step-down a high voltage solar array to a low voltage battery can
save you money by reducing the size of wire required and making the installation simpler and faster.

All of the MX60s status information is displayed on the large built-in 3.1" (8 cm) backlit LCD screen and OutBack’s exclusive
system networking allows your MX60 to communicate with the rest of your OutBack products for complete integration and
high performance operation. Monitoring the performance of your solar array investment is easy through the use of the built-in
data logging system or via the MATE and optional PC software (available separately).

The MX60 is the only choice when you demand a high performance, efficient and customizable charge controller for your
advanced power system.
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