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EXECUTIVE SUMMARY  

 

The objective of this project is to design, build, test, and race a solar-powered electric 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 Solar Splash 2009 

winning both the sprint and endurance competitions in impressive fashion.  All three sprint runs in 

2009 were less than 23 seconds with a distant second place turning in a time of 26.00 seconds.  

For endurance, the second place team was out distanced by over two miles by the time the two 

heats were finished.  The 2010 teamôs effort was a result of 2009's second place finish despite 

dominating the two main events.  The overall finish was heavily influenced by operator error in 

both the slalom and qualifier time trials. 

 

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

be staying with the same hull and motor configurations for 2010.  The teamôs effort this year has 

been to improve on the 2009 teamôs second place overall finish by focusing on all sections of the 

Solar Splash competition and 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 craft was lost navigating the course 

because there was no throttle utilized in the motor circuit.  This yearôs team analyzed system 

parameters and found a suitable motor controller which will be used for speed control.  To ensure 

the optimal operation while in all configurations, 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 for the 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 be hydrostatics and 

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 found.  With the new available data the 

proper trim and waterline was obtained to give the endurance hull its minimal viscous drag.  This 

yearôs team has noticed a large improvement over both configurations from 2009.   
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INTRODUCTION  

 

Solar Splash is an international 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 engineering theory put into each competitorôs solar 

powered craft. 

 

The University of New Orleans (UNO), School of Naval Architecture and Marine Engineering 

(NAME) has been involved in the Solar Splash competition since 1996 and competed 9 out of 

those 15 years.  In 1999, the UNO's overall performance of sixth place forced the team to make 

significant changes in the next competition.  With the support of NAME department and The 

Louisiana Department of Natural resources, they designed and built a new hull form for Solar 

Splash Competition in 2000.  Since then, UNO has reused the hull and focused on refining the 

power system designs and hydrofoil dynamics.   

 

By participating in Solar Splash, the University of New Orleans School of Naval Architecture 

and Marine Engineering has two goals in mind.  The first goal is to give aspiring engineers 

experience in design and fabrication that is essential to the success of an engineer in the 

commercial marine field.  The second goal of 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 committed to research and design in the solar powered electric propulsion field. 

 

The focus of 2010's development is on two different fronts; electrical and operational 

optimization.  Because of the 2009 performance, the team has chosen to pursue the development 

of a data acquisition .  The second path of development has been to determine 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 set 2009's finals in 22.32 seconds.  The primary goal of the UNO electric boat team 

for 2010 is to compete with consistency in all categories and bring the overall title home for the 

first time in UNO history.  The team has experience and confidence from 2009 Solar Splash 

World Championship.  Winning 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 team, Dr. 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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Team Milneburg Joy  

The 2010 UNO team members comprised of senior Naval Architecture and Marine Engineering 

students along with undergraduate students from the Electrical Engineering department.  The 

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

participation.   The Electrical Engineering Department has now joined forces with the School of 

Naval Architecture and Marine Engineering.   The EEôs are using the Solar/Electric Boat as a 

capstone course for their seniors.   Their current project is designing a data acquisition system 

capable of measuring and recording sprint system 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 Architecture and Marine Engineering at UNO and Mr. Ryan Thiel from 

the School of Naval Architecture and Marine Engineering.  

 

Sponsors 

This year's effort would not have been possible if not for the generosity of Milneburg Joy's 

sponsors.  The University of New Orleans Electric Boat Team includes its sponsors as part of 

their team is privileged to have on board, during the 2010 season , the following sponsors: 

 Vorus and Associates 

 Altintas Shipyard 

 Northrop 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 lbs) 

Rule 7.1 Classes 

 7.1.1 Solar Slalom   Batteries same as sprint portion 

 7.1.2 Endurance Batteries  31 kg (68.2 lbs) 

 7.1.3 Sprint Batteries   45.5 kg (100 lbs) 

 

Rule 7.2 Technical Specifications 

 7.2.1 Length (Overall)  6.0 meters (19 ft, 8 in) 
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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
o
 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 47 in forward of the transom  which allows highly efficient planing surfaces to be 

developed that are heavily loaded at the trailing edge utilizes large vertical accelerations for lift.   

The major focus of this design was to achieve the minimum waterline length in sprint by 

optimizing all li fting surfaces (both hull and skis).  This reduction in water-plane area reduced 

the total wetted surface area and the resulting drag since frictional resistance is a function of 

wetted surface.  In the sprint configuration, skis are located p o r t  a n d  s t a r b o a r d  at the 

bow of the boat.  The skis are an inverted ñVò shaped planing surface, similar so the hulls of 

many planing craft.  These skis provide 50 pounds of li ft each (100 pounds total) and are 

developed to lift the bow clear of the free surface at a speed of 30mph.  Combined with 

declining dead rise on the planing hull , the skis result in a minimal waterplane. 

 

To achieve two distinct hull forms, a heavy trim by the bow is induced.  As trim is increased, 

the waterline changes from a planing hull to a displacement hull.  The superimposed waterlines 

can be seen in Figure 1.  The change in trim is achieved by raising the skis and adding weight 

forward with the addition of the solar array.   This effectively moves the center of gravity 

forward and moves the center of buoyancy aft thus increasing the trim lever arm.  The trim 

gives the craft a thin symmetrical water plane area by raising the transom out of the water 

 

For the endurance section of the competition, the hull is designed for full-displacement (fully 

submerged bow and stern).  The hull is now optimized for full displacement becoming 

a symmetric, narrow, and streamlined three-dimensional foil, much like that of a canoe.  The 

software General Hydrostatic software (GHS) was used for required computational methods. 
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Hull  Analysis  

Hydrodynamic analytical calculations 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 abilities.   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 

Endurance ï (Blue) 

Static Sprint ï (Red) 
 
 

By analyzing the hull (sprint configuration) in VsHull, it was found that the planing hull 

surface should concentrate the li ft obtained from high pressure zones and skis over the aft area 

of the hull.  These high concentrations of li ft result in unwanted air drag.  This, however, is 

minimal compared with the large viscous (frictional) drag found in displacement hulls with 

large wetted areas.  It should be noted that the transverse bottom sections have no camber to 

allow for clean flow along the bottom edge of the hull.  The results of the VsHull p laning 

hull analysis appears below.  Especially noteworthy is the large li ft to drag ratio of 11.06:1 

in the sprint characteristics. 

 

Sprint hull analysis: 

Lift coefficient = 0.627  Drag coefficient = 5.70E-02 

Lift/Drag = 11.06    Speed-length ratio = 17.74  

  

The endurance full-displacement condition of the vessel allows basic hydrostatics 

stemming from first principles to be used for calculations.  The displacement hull 

characteristics were analyzed  in General Hydrostatic Software (GHS).  The results were as 

follows:  

 

Endurance hull analysis: 

Length =16.78ft.   Waterline area (Water Plane) = 30.79ft
2
 

Depth = 0.43ft    Speed-length Ratio = 4.29 

Volume = 7.085ft
3
    Length/Beam = 4.79  

Length/Depth = 39.12   Beam/Depth =8.160 

Waterplane Coefficient = 0.0524 Pressure coefficient = 0.445 

Block oefficient = 0.281 
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Foil Strut and Hydrofoil Design 

The desired waterline in endurance cannot be achieved by the trim lever arm between the 

centers of gravity and buoyancy alone.  In analysis of the endurance setup, the use of a stern 

hydrofoil was decided upon to 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.  Rather than reinvent the ñwheelò (foil), UNO will use the elliptical plan form 

with one modification: the foils will be elliptically skewed to create a straight trailing edge.  

This will be done for ease of manufacturing.  After consideration of a few commercial options, 

a NACA66 stern hydrofoil was selected to provide adequate lift.  The foil is added 12 inches 

below the waterline.  The depth is adequate to avoid both the degrading free surface effects 

and cavitation inception.  This design was replicated from commercial models and adapted to 

the existing endurance configuration.   The skewed elliptical foil seen in Figure 4 is the output 

of AudCad foil created from a NACA66 sectional offsets.  It effectively raises the stern out of 

the water three (3) inches at an operating speed of 12 fps.  The resistance of the foil system 

at the design speed  is calculated at 22 lbs.  

 

 
 

Figure 2: 3-Dimensional view of stern hydrofoil 

 

Propulsion 

 

Sprint drive systems 

This year's competition will once again see the current world record holding sprint power 

system used during last year's competition at its finest.   The governing design theory for the 

sprint drive system is to completely drain the batteries in 300m while generating as much 

power as possible and efficiently turning that power into thrust which translates into pure 

speed when mated with the light weight planing hull described above.. 

   

 Sprint motor.  The current sprint motor is a Prestolight MGR-4002EX (ñEXò 

designates experimental) was originally designed as a forklift motor. UNO had 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 the top-end RPM, and the thickness of the 
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cast-iron case has been increased.  The latter two would seem to oppose each other, and 

probably would, if this motor were operating within the original design window, but it is not.   

 

Design operation of the electrical system during the sprint race would be: the second  motor 

switch is thrown completing the motor circuit, 36-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 12-16 volts due to internal losses, the RPM 

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 begins to climb, 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 case thickness.  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 RPM increases. 

 

 Sprint propeller.   The propeller of the Milneburg Joy may be its most unique feature.  

When designing the UNO boat, many factors were analyzed in the possibilities of using 

appendages. Much consideration was given to the drag penalties that are caused by the  

appendages. The main focus soon became to eliminate all  a p p e n d a g e s and maintain a 

simple system.  A propeller is a significant appendage so a surface-piercing propeller has been 

designed with characteristics that closely match those of the motor.  The advantages of a 

surfacing propeller are recognized in the reduction of viscous drag on the blades.  This 

reduction is a result of only one-half of the propeller in the water and the blades having a 

cavity of air that envelops the entire back of each blade.  The design characteristics of the 

propeller are: 

 

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

Sprint r udder design.  Keeping with the theme ñno appendagesò theme, no rudder was used 

and steering is achieved by the application of directional thrust.  Use of a surface-piercing 

propeller has resul ted in  problems with crabbing at high speeds with the propeller at its 

optimal trim position in the sprint configuration. The cause of crabbing is that only half  of 

the propeller is submerged resulting in a side force generated by the submerged 

portion.  The unbalanced force produces a moment about the longitudinal center of 

buoyancy. To counteract this moment, an asymmetric fin was added to the propeller shaft 

to oppose the side force caused by the surface-piercing propeller. The foil is twelve inches 

from the leading edge of the propeller and is asymmetrical to offset the yawing moment of 

the propeller while inducing as little drag as possible. As the motor/shaft assembly is rotated 

on the tracks in the stern of the boat, the rudder foil gives additional li ft while eliminating the 

yawing motion and providing assistance in steering. 

 

Endurance drive system 

For the 2010 competition, the UNO team maintains the endurance drive system design of the 

2009 team. Unlike the sprint competition, where the underlying goal is to drain the batteries of 
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all electrical charge over the 300-meter course, the endurance competition relies on a constant 

optimal battery power draw over exactly 2 hours.  Pacing the battery discharge rate to a 2-hour 

period and using the energy available from the solar panels will be the prevailing strategy for 

most teams participating. All solar power is treated as extra.  The input voltage to the motor is 

36 volts.  

 

The motor selected for the endurance setup is designed for use in an electric wheelchair, but 

matches the available input voltage of 36 volts. This motor has an eff iciency of 82% at 1750 

rpm and runs on 36 volts.  The electric motor transfers power through a 90 degree gear 

box with a reduction ratio of 4:7.  The endurance propeller is a typical two-bladed style 

propeller that has been developed with consultation by Vorus and Associates and machined by 

Michigan Wheel. Steering is 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 that 

consumes little power. 

    

For the endurance motor, the speed control is handled by a brushless motor controller.  

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 batteries.  To 

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 sheet for the motor controller is available in Appendix I.  The motor 

controller was selected based on its operating range.  The low voltage cutback is at 18V with 

a cutout set at 16V.  The 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 the boat for racing.  During the 

endurance portion of the Solar Splash competition, the array will be on the boat and 

continuously charging the batteries during the race.  

 

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 and its ability to transfer 

heat away from the cells.  For added section modulus and electrical insulation, the skins of the 

board are  0.02-inch thick epoxy preimpregnated fiberglass.  The modules will be permanently 

glued to the backing board. 

   

In theory, the setup should completely drain the batteries after two hours of racing regardless 

of the array output. Due to the variabili ty in array output from differing sun conditions, a 

max power point  t racker  is  requi red for  maximum power output . The 

maximum power point tracker (MPPT) find and hold the point  of constant maximum 
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power output of the solar array. Due to changing conditions from clouds, shade, etc, the 

trackers need to seek the maximum power point at programmed intervals.  For 2010, 

UNO is utilizing an Outback MPPT-1000 Power Tracker. This tracker can be used for a 

wide variety of systems and voltages and can easily facilitate the required 36 volt system.  

The  Outback  power  point  tracker  proved  to  be  a  major  improvement  in  2009  over  

its predecessors and has become an integral component of the solar power delivery system.  

The specifications sheet for the Outback MPPT-1000 is provided in Appendix K .  

 

PROBLEM DEFINITION  

 

The Solar Splash competition is an annual competition.  UNO has a high turnover 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 that an evaluation of last year's performance will outline this year's 

work. 

 

2009 Results 

 Technical report     10
th
  Lacking in style and clarity. 

 Display   4
th
 Needed to address the function of the craft.  

 Qualifying   8
th
 Miscommunication with starting official. 

 Solar Slalom  8
th
  Lost control of craft. 

 Sprint    1
st
        New World Record 22.32 seconds. 

 Endurance   1
th
  Achieved optimal battery power draw. 

 

By reviewing the performance of this hull from previous years at the Solar Splash completion, 

minor scoring technicalities appeared to be the limiting factor for success in 2009.   For 2010, 

UNO has not only concentrated on optimization of the system performance of Milneburg Joy 

but also the optimization of team  performance.   

 

To help the team determine Milneburg Joy's best operational envelopes for sprint and 

endurance, the electrical system operating performance had to be monitored.  In order to 

ascertain the electrical performance of the boat, the team has been tasked with designing and 

implementing a Data Acquisition System (DAQ). The DAQ will monitor  motor voltage, 

battery voltage, motor current, and turbo voltage, vital power system temperatures, GPS 

velocity, and shaft RPM of each configuration.  The DAQ must be portable between sprint and 

endurance and must be totally removable for sprint as it will only be used for testing and, due 

to the weight sensitivity of the hull, is undesirable to be aboard during the sprint competition.  

For endurance it must display real time information to the endurance pilot for optimal 

operation. 

Utilizing the DAQ, a new battery configuration for the Sprint would be analyzed .  The sprint 

configuration originally employed the use of three 42Ah 12V lead acid batteries.  A new 

configuration consisting of three banks of 13Ah batteries was proposed.  Each bank would 
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contain three batteries connected in parallel.  Each bank would then be connected in series to 

provide the overall 36V needed.  It was hypothesized that the new battery configuration 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 bus bar fabrication, 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 years, Milneburg Joy has never had throttle control implemented with the 

sprint configuration.  Power had always been initiated by a switch making or breaking the 

motor circuit.  When participating in the slalom event, it is critical the pilot have control over 

the vessel so as to maneuver safely and effectively.  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 only has 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 system.  This will only 

be the second attempt running slalom in the sprint configuration and  the utilization of a motor 

controller was necessary for achieving speed control.   A throttle system  needed to be 

designed and  implemented in such a way that it would allow for normal sprint configuration  

operation while providing speed control during the slalom. 

 

The records of hydrostatic hull properties of the Milneburg Joy had been lost in Hurricane 

Katrina and it was determined that, if the endurance configuration were to be improved, they 

needed to be somehow regenerated.  Particularly, the longitudinal center of buoyancy had to be 

determined so that the proper trim could be found from the longitudinal centers of buoyancy and 

gravity.  In conjunction with finding the hull's hydrostatic properties, a weight takeoff was 

performed.  Originally, an itemized weight takeoff was performed during new construction but 

due to countless modifications a new weight and center of gravity was required to compliment 

the new hydrostatics. 

 

The strut which supports the endurance propeller and hydrofoil was sized  to house the drive 

shaft and its bearings.  This which gave a hydrodynamically undesirable length to width ratio of 

0.4 which caused separation at the aft end of the strut causing induced drag.  Ideally, a length 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 modified to achieve the desired 

ratio.   

DESIGN CONCEPTS 

Data Acquisition System (DAQ)  

National Instruments software and hardware were chosen to fulfill the needs required as both 

exhibited extraordinary flexibility in terms of adaptability and portability. The DAQ system 

consists of the components shown in Figure 3.  The NI DAQ 9219 serves as the voltage (and 

current) module, the NI DAQ 9211 serves as the temperature module, the NI DAQ 9411 
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serves as digital input module for the GPS Speed sensor and the RPM Sensor. The NI cDAQ 

9174 is a 4-slot module that concatenates all the modules previously 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 sprint configuration is included in Appendix R along with the 

data sheets from the manufacturers. 

 

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 capability was deemed 

important both for pilot interaction with the on board system, and for possible future 

expandability. This netbook has one VGA port for future expansion to a more high-end sun-

readable screen. It also has built-in wireless (802.11g) access for possibly transmitting the 

received data live to an on-shore computer. The 1GB of on-board 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 driveshaft a Banner SM312D proximity sensor was chosen.  This 

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 below in Figure 4.  This target was 

mounted on the fly wheel of the driveshaft gear at the forward end of the drive shaft.  The 

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

Figure 5. 
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Figure 4: RPM Target 

A Humming Bird HMGS8000MP GPS transceiver was chosen to measure the velocity of the 

boat . 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.  The NI 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 temperature.  

 

 

 

 

 

 

Figure 5: RPM Sensor Placement 

 

The DAQ connects 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.  

Figure 6 shows a sample 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 displayed in small font 

for testing purposes.  The function of the Sprint VI is to record the data for testing purposes, 

not display it to the 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 series.  After examining the data sheets and 

performing several calculations, it was discovered that nine 13Ah batteries had a higher short 

circuit current characteristic.  Connecting three of these batteries in 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 several assumptions, the new configuration would increase the 
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power output of the battery system by an average of 16% throughout the entire 25 second run.  

These numbers were calculated based on internal battery resistance from the battery 

specification sheets and are detailed in Appendix F. 

 

 

 

 

 

 
Figure 6: Sprint Front Panel 

Slalom motor control system design 

After collecting data on the electrical performance of the boat in the sprint configuration, the 

team decided upon using a Kelly Controller KDH12100D.  This controller was capable of 

handling and modulating the expected currents which are present in the sprint configuration.  It 

could be programmed utilizing an RS232 connection and controlled via a Curtis Style PB-6 

Pot Box shown in Figure 7.  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 located in Appendix J. 
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Figure 8: Curtis Style PB-6 Pot Box 

 

 

Hydrostatic and weight take-off evaluation   
In order to determine the hydrostatic properties of the endurance hull, a 3-dimensional 

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 Manufacturing (NCAM) at NASA's 

Michoud Assembly Facility was offered.  Using a laser measurement system, a point cloud of 

the hull was taken which gave 2-dimensional Cartesian coordinates of the hull's surface.  A 

problem was encountered from reflectivity of the glossy hull and the hull had to be dusted with 

a thin coat of plaster of Paris to obtain an acceptable surface as can be seen in Figure 9.   

 

 
 

Figure 9:  Plaster of Paris dusted hull 

 

The bottom and starboard side of the hull was mapped and the two images were stitched 

together to obtain the complete hull. 

 

Once the point cloud was generated and cleaned up, it was entered into MeshLab V1.2.2 which 

was able to create a 2- dimensional mesh of the two images. The generated mesh was required 

to get the offsets referenced to the hull whereas; the measurements taken were with respect to 

the laser imaging system.   Figure 10 shows the bottom of the hull seen by the laser imaging 

system and its associated mesh generated by MeshLab.   Note that the dusting had not been 
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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 offsets  required as an input to Rhinoceros 3D which is a3-

dimensional  NURBS based modeling program.  The generated model can be seen in Figure 11  

 

 
 

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 exported into GHS to get the hydrostatic properties of 

the endurance hull mentioned in the hull analysis.  The GHS report and hydrostatic curves are 

shown in Appendix 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 necessary.  Only the motors, batteries, and nose cones differ between 

the two configurations and the hull and driver are constant so only those components were 

analyzed.  To determine the weight and center of gravity, each component was weighed and the 

center of gravity was found as the balancing point of the suspended item.   All centers of 

gravity were referenced from the transom and sprint and endurance center of gravity 

calculations are documented in Appendix B.  The process is shown in Figure 12. 

 

 
 

Figure 12:  Weight and center of gravity of the hull 

 

 

CONCLUSION 
 

The work performed by this yearôs team has been very promising.  The DAQ was a more 

difficult  design task and implementation than expected but is now fully operational.  

Extensive on water testing will be performed in the upcoming weeks leading to Solar Splash 

2010.   During the tests, further analysis of the new sprint battery will be conducted to get a 

better idea of the how the boat handles with the increased power.  As always, operator 

proficiency is the most important part of the teamôs success since it cannot be designed out.  

This has been an issue in the past and 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 hull, testing will be required once again.    
 

Letôs race. 
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Appendix A 
 

Proof of Insurance 
 

Abstract 
 

Appendix C contains the proof of insurance required by Rule 2.8. 
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Appendix  B 
 

Buoyancy Calculations 
 

Abstract 
 

Appendix B contains the weight and buoyancy calculations for the 2009 sprint and 
endurance configurations. It also contains the longitudinal and vertical center of gravity 
calculations. 
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2010 Sprint Configuration Center of Gravity 
     

item Weight 
Center of Gravity 

from Transom 
Moment (LCG) 

Units lbs in lbs x in 

Sprint nose cone 12 115 1380 

Sprint batteries 13EP  + bars 105 32 3360 

Sprint service battery 7 32 224 

Sprint motor 137 14 1918 

Hull 116 90 10440 

Driver 154 50 7700 

ʅ 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 

 
Total displaced volume = 9.185 ft3 

 
Total displaced weight =  592.4 lbs 
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Weight of the outfitted hull = 531.0 lbs 

 
Available Buoyancy =  61.4 lbs 

 

2010 Endurance Configuration Center of Gravity 
     

item Weight 
Center of Gravity from 

Transom 
Moment 

(LCG) 

Units lbs in lbs 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 

ʅ 490.9 
 

41632.8 

    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 ft3 
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Total displaced weight =  563.7lbs 

 
Weight of the outfitted hull = 490.9 lbs 

 
Available Buoyancy =  72.8 lbs 

 

 

 

 

 

 

 

 

 

 
Appendix  C 

 
Material Safety Data Sheet 

 
Abstract 

 

Appendix C contains the Material Safety Data Sheet (MSDS) in accordance to 2010 Solar 
Splash rules for the sprint and endurance battery configuration. 
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Appendix D 
 

Solar Panel Calculations 
 

Abstract 
 

 

Appendix D contains Sample calculations to compute the solar array area required given 
the  480-watt  maximum  output  taking  into  account  the  efficiency  of  the  solar  cells. 
Additionally, sample calculations are included that show how the entire system acts as a 
whole. 
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The one sun rule states that on the equator, a solar collector that is one meter square, 

100% efficient, in perfect weather conditions, will produce 1 kilowatt of power. 

Today we see solar cells that range in eff iciency from 10% to 22%.  If the particular solar 

collector is 15% efficient under one-sun conditions, the collector will  only put out 150 

watts of power.   This then says  the overall  size of your collector may not exceed 3.2 

square meters. 
 

Å Example: 
 

 
150watts 

 

 
 
meter 2 (available) 

 

 
= .15%   x 1000 watts 

 

 
 
meter 2 

 

 

480 watts (allowed) 

150 watts 

 

= 3.2
meters2

 

meter 2 
(available) 

 

 

The solar panels are limited to an output of 480 Watts. 

 
Å To establish the maximum current available from the panels, in one sun conditions: 

 
 

13.33amps  = 
480watts (available) 

36Volts 

 

The maximum current available from the solar panel is 13.33 amps in ideal conditions. 

The race committee would like to see ideal conditions but more likely, the output of the 

panels will only be 60-65% of the maximum available. 

 
Å The anticipated contribution from the solar panels is: 

 
8.665amps  = 0 .65% x 13.33amps 

 

 

The anticipated current supplied by the solar panels is 8.665 amps. 

 
We have seen that the current hull design has an estimated hull resistance of 26 lbs. From 

this, we can begin to match the propulsion system. 

Å The effective horse power needed is calculated as follows: 

 

Hp = 
Resistance x Velocityboat 

eff 
550 
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Example: 

 
26 Lb x 14.66 ft 

.693Hp eff   =    s  
 

550 
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36 
= 

This is the effective hp needed to propel the boat at 14.66 ft/s if  the propeller is 100% 

efficient. A propeller that is 100% efficient is not possible today.  A more realistic goal is 

70% efficiency. 

Å The horse power needed to propel the boat at 14.66 ft/s (10mph) with a propeller that 

is 70% efficient is: 
 

BHP = 
Hpeff 

 

Example: 

% Efficienty 

 
 

.99 
 

BHP = 
.693Hp eff 

.70% 

 

The actual power needed by the boat at 14.66 ft/s (10 mph) is .99 BHP (Brake 

horsepower). 

 
Now the system losses need to be calculated. 

Å The mechanical losses between the motor and the propeller are nominal but do have 

a value at approximately 2 % 
 
 
 
 

This is at the motor. 

 

1.01Hp  = 
.99Hp 

.98% 

 

To calculate the power needed to supply this horsepower the efficiency of the motor must 

be considered.  The Aviox motor has an expected efficiency of 92% at 6,000 rpm. 

 
Å The power supplied to the motor must be: 

 

 
 

1.09Hp  = 
1.01Hp 

.92% 

 

= 819Watts 

 

This 819-Watts must be supplied by the batteries and/or the solar panels. 

Å Using a mean voltage during the race of 36 volts, the current demand can be figured. 

 
 

22.75 
819Watts 

amps 
Volts 

 

 
 

The electrical is not 100% efficient either. 

Å If the electrical runs are kept short and high quality parts are used a 95% efficiency 

can be realized 
 
 

23.94amps  = 
22.75amps 

.95%
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This is the actual current  consumption.  It takes into account all system inefficiencies and 

sets the demand criteria to maintain the boat at 14.66 ft/s. 

 
From Appendices 2.1.2, we see that the current available from the solar panels can be 

anticipated at only 8.665 amps 

 
Å The remaining amperage must be supplied by the batteries. 

 
15.282amps 

= 23.94amps  - 8.665amps
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Appendix E 
 

Stern Hydrofoil Design Calculations 
 

Abstract 
 

Appendix E contains the Stern Hydrofoil Design Calculations for the 2010 e-Nola endurance 
configuration. 
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Objective 

 
The objective is to calculate the different components that makeup the minimum pressure envelope 

surrounding a NACA66 foil form with a 0.8 camberline and a maximum Thickness/C  of 0.075 (Tmax).   

Procedure 

The optimum foil, as defined by Terry Brockett, is ñthe foil allowing the greatest total angle change 

without occurrence of cavitation for a given sigma ()ò.    

 

Where:      

CU 

Lift
C

21
L

2

 (Eq. 1) 

 

      
21

c

U 

p-p

2

= 
U

V  
2

c1              (Eq. 2 & 2b) 

 

Remembering that: 

gzp    p atm  (Eq. 3) 

 

If the cavity pressure (pc) is equal to and evaluated at the vapor pressure (pv) of the liquid then sigma is 

in fact equal to and the same as the coefficient of pressure (-Cp). Then pC-  can be algebraically 

rearranged to itôs original form, the Bernoulli equation. 

 

c
2

patm pUCgz)(p )( 2
1        (Eq.4) 
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The camber line is: 

 

1

0
)(

)(
)( d

2

1
 x

ji

o   (Eq.5) 

 with 0)1(  

 

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 

(Vc ) has four components that sum together.  

  

They are: 

U    , Forward velocity of the foil 

 

 u = Velocity due to attack Angle 

       = )(
2

1
x        (Eq. 6) 

 

 fu = Velocity due to camber 

       = uC
U

ipf
4

@           (Eq. 7) 

 

 u = Velocity due to thickness 

       = 

1

0

max

2
d

q

C

TU

ji

        (Eq. 8) 

After summing, the Lighthill correction is applied and substituted back into Eq. 2b. 

lei

i
fc

r
uuuUV

2
1

   (Eq.9) 

 Where rle = 0.448 * Tmax
2 
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By sorting the data points for a minimum pressure at Alfas ranging from ï5 to 6 degrees and plotting, 

the Brocket bucket is created.  With the highest velocities are found on the back of the foil.  The 

corresponding the minimum Cps 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 in the normal operating 

condition.   

Interpreting the data 

For a given ïCp 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 cases except where the 

bucket is oriented more vertically than horizontally.  Inside of the bucket the foil will operate without 

cavitation at all points where the minimum Cp is greater than the operating sigma. It is interesting to 

note here that by operating on the vertically oriented axis back bubble cavitation will occur at 

approximately mid-chord.   

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 as possible to our 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 but does not significantly 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 foil is ï0.4 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 range of this foil section is +1.4 degrees to ï0.6 

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:        2.56  

Maximum angle of attack is:                3.96  

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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Conclusion 

 

When comparing the empirically calculated resistance to the analytically calculated resistance there is 

approximately a 4-5% difference on the conservative side.   

  

By using changing the leading edge radius the team has brought the foil into an ideal operating range.  

It will be critical for the teamôs control system to keep the changes in angle of attack within this range.  

This is probably not a realistic goal though and they should expect to see some leading edge cavitation.  
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Appendix F 
 

Battery Specifications 
Sheet 

 
Abstract 

Appendix F contains information on the EnerSys batteries. The thin-plate lead-acid batteries: 

GP42EP for endurance and the G13EP for sprint were selected. 
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Appendix G 
 

Component Information 
 

Abstract 
 

 

Appendix G contains information about the components used in 2010 Solar Splash 

competition. This includes the part name, part number, company name, and company 

address. 

 

 

Par t Name Par t Number  Company Name Company Address 

Motor Controller 
(Endurance) 

KBL48101 Kellyôs Motor 
Controller 

Online Store 

Motor Controller 
(Sprint) 

KDH12100D Kellyôs Motor 
Controller 

Online Store 

Endurance Batteries G42EP EnerSys P.O Box 14145 
Reading, PA 19612 

Sprint Batteries G13EP EnerSys P.O Box 14145 
Reading, PA 19612 

Power Tracker MX60 Out Back Power 19009 62
nd 

Ave 
Arlington, WA 

98223 
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Appendix H 
 

Endurance Motor Controller 
 

Abstract 

 
Appendix H contains information on the Kelly Brushless DC Motor Controller selected for use in the 

Endurance Configuration. This item was selected for its low supply voltage of 18V. 
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Appendix I 
 

Sprint Motor Controller 
 

Abstract 

 
Appendix I contains information on the Kelly High Speed / PM Motor Speed Controller selected for use 

in the Sprint Configuration.  
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KDHD High Power Series/PM Motor Speed Controller 
Features: 

ωLƴǘŜƭƭƛƎŜƴŎŜ ǿƛǘƘ ǇƻǿŜǊŦǳƭ ƳƛŎǊƻǇǊƻŎŜǎǎƻǊΦ  

ω/ǳǊǊŜƴǘ ƭƛƳƛǘ ŀƴŘ ǘƻǊǉǳŜ ŎƻƴǘǊƻƭΦ  

ω[ƻǿ 9a/Φ  

ω[95 Ŧŀǳƭǘ ŎƻŘŜ ƘŜƭǇǎ ǳǎŜǊ debugging. 

ω.ŀǘǘŜǊȅ ǇǊƻǘŜŎǘƛƻƴΥ ŎǳǊǊŜƴǘ Ŏǳǘ ōŀŎƪΣ ǎƘǳǘŘƻǿƴ ŀƴŘ ǿŀǊƴƛƴƎ ŀǘ ƭƻǿ ōŀǘǘŜǊȅΦ  

ω wǳƎƎŜŘ ŀƭǳƳƛƴǳƳ ƘƻǳǎƛƴƎ ŦƻǊ ƳŀȄƛƳǳƳ ƘŜŀǘ ŘƛǎǎƛǇŀǘƛƻƴΦ  

ω¢ƘŜǊƳŀƭ ǇǊƻǘŜŎǘƛƻƴΥ /ǳǊǊŜƴǘ ŎǳǘōŀŎƪ ŀǘ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ ǇǊƻǘŜŎǘ ōŀǘǘŜǊȅ 

and controller. 

ωIƛƎƘ ǇŜŘŀƭ ǇǊƻǘŜŎǘƛƻƴΥ 5ƛǎŀōƭŜ ƻǇŜǊŀǘƛƻƴ ƛŦ ǇƻǿŜǊ ǳǇ ǿƛǘƘ ƴƻƴ-zero throttle. 

ω9ŀǎȅ ƛƴǎǘŀƭƭŀǘƛƻƴΥ л-5K two wires potentiometer can work. 

 

General Specifications: 

ωCǊŜǉǳŜƴŎȅ ƻŦ hǇŜǊŀǘƛƻƴΥ мсΦсƪIȊΦ 

ω{ǘŀƴŘōȅ .ŀǘǘŜǊȅ /ǳǊǊŜƴǘΥ ƭŜǎǎ ǘƘŀƴ м Ƴ!Φ 

ω{ǳǇǇƭȅ ±ƻƭǘŀƎŜΣ PWR, 10V to 30V(24V is preferred). 

ω{ǳǇǇƭȅ /ǳǊǊŜƴǘΣ нллƳ! Ϫ мн±Σ ƻǊ нΦр² 

ωhǇŜǊŀǘƛƴƎ ±ƻƭǘŀƎŜΣ .ҌΣ му± ǘƻ мос± 

ωCǳƭƭ tƻǿŜǊ ¢ŜƳǇŜǊŀǘǳǊŜ wŀƴƎŜΥ лᴈ to 40ᴈ (controller case temperature). 

ωhǇŜǊŀǘƛƴƎ ¢ŜƳǇŜǊŀǘǳǊŜ wŀƴƎŜΥ -30ᴈ to 90ᴈ, 100ᴈ shutdown (controller case temperature). 

ωaƻǘƻǊ /ǳǊǊŜƴǘ [ƛƳƛǘΣ м ƳƛƴǳǘŜǎΥ мллл! 

ωaƻǘƻǊ /ǳǊǊŜƴǘ [ƛƳƛǘΣ ŎƻƴǘƛƴǳƻǳǎΥплл! 
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Appendix J 
 

 Outback Solar Panel Tracker 
 

Abstract 

 
Appendix J contains 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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