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EXECUTIVE SUMMARY  

The objective of this yearôs Solar Boating team is to win both Solar Splash 2010 and the 

Frisian Solar Challenge in the Netherlands.  To help accomplish this goal, improvements were 

made to numerous components of the Solar Splash boat.  Many of these improvements will be 

used in both competitions. 

We divided into three sub-teams: Electronics, Drivetrain, and Hull.  Each sub-team 

sought to build on the success of past Solar Splash teams by improving current systems as well 

as developing new designs.  We developed a power budget to manage the power flow through 

the boatôs electrical and mechanical systems.  This budget is based upon the available power, as 

specified by competition rules, and performance criteria necessary to win each Solar Splash 

event.  From these parameters, and knowledge of our past performance, we were able to set 

power and efficiency criteria for each system component; achieving these goals wil l give us the 

possibility of winning each event.    

The Electronics Team focused on generating as much power as allowed and using it in 

the most efficient manner.  Solar cells were donated from JA Solar that have an efficiency near 

18%, which is 4-5% greater than our current solar cells.  Lightweight solar panels, incorporating 

Conformal Coat as an encapsulant and a carbon fiber / honeycomb composite as a substrate, will 

be used.  To maximize the amount of power received from the solar arrays, we are switching 

from a single maximum point power tracker (MPPT) to multiple custom designed MPPTs; a 

custom-designed peak power tracker will be connected to each series of cells.  The MPPTs will 

use a general current-voltage (I-V) sweep to avoid local maximum power points, and will then 

use a perturb and observe (P&O) method to track the peak power point.   

The Drivetrain Team focused on designing and manufacturing a podded propulsor for the 

Endurance Event, incorporating a hydrofoil into the Endurance drivetrain, redesigning the Sprint 

Event drive system, and designing and manufacturing Sprint and Endurance propellers. 

For the Endurance Event drive system, our goal was to design and manufacture an entire 

propulsor, from the motor to the pod housing, that will be used in the Solar Splash Endurance 

Event and the Frisian competition.  It must achieve greater efficiency than the ~ 80% efficiency 

of the motors used previously.  We worked with a motor designer to provide the electrical design 

from parameters we specified.  We finalized our design and had the laminations and magnets 

donated; we wound the motor and built the pod ourselves.  Our finalized design met our 

efficiency goal of 85%. 

We designed a single hydrofoil that will attach to the Endurance drivetrain and provide 

lift, thereby decreasing the net drag on the hull and enabling us to maintain higher velocities.  

We will manufacture two down legs, one with the hydrofoil and one without it, so that we can 

measure the effects of the hydrofoil and decide if we should use it in competition. 

The team also improved its Sprint capabilities by developing a new drivetrain system for 

the Solar Splash hull. The new drivetrain implements a four-motor system to replace the old two-

motor system.  The new design reduces the I
2
R losses in the motors by reducing the current to 

each motor by 50%. The motors have been tested and have shown to be 70% efficient at this 

reduced current level; whereas, at the previous amperage levels our motors were less than 50% 

efficient. With this improvement in efficiency, the motors can provide the power required to 

reach our goal of 42 mph (67.6 km/hr). 

Our goal for the Sprint propellers was to produce a winning design to go with our new 

Sprint drivetrain.  To achieve this we have designed several propellers, which have been 

enhanced with the implementation of higher rake angle.  Our analysis of these propellers shows 
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that we will achieve our design goals of 126 lb (560 N) of thrust and 22 ft-lb (22.8 N-m) of 

torque.   The higher rake angle will help with ventilation problems seen in the Solar Slalom. 

Our goal for the Endurance propeller was to design and manufacture a propeller that 

provides 34.3 lb (153 N) of thrust and 86% efficiency at a design speed of 8 mph (12.9 km/hr).  

We approached this task by using the Crouch Method from David Gerrôs Propeller Handbook 

(Gerr, 01).  Although this method does not match our design criteria exactly, it gave us a 

reasonable starting point for the design and our experimental slip testing has shown promising 

results. 

The Hull Team focused on designing and building a new, low drag hull to help win the 

Frisian Solar Challenge rather than upon changing the Solar Splash hull design.  Our Solar 

Splash hull design has proven itself in past competitions, and little would be gained by the design 

and construction of a new hull.  We selected materials for the Frisian hull that will reduce 

weight, thereby decreasing drag.  From our work, we determined that the Solar Splash hull could 

be improved in future years by making it lighter.  Although the current Solar Splash hull has 

proven to be a winning design in past years, we could decrease the weight approximately 50 lb 

by constructing it out of a balsa wood and fiberglass composite rather than the current cedar 

wood and fiberglass composite.  Our drag analysis has shown that for every 50 lb reduction in 

weight, the drag is reduced about 2 lb in the Endurance Event. 

 We are well on our way to accomplishing our goals.  Almost all of our design work is 

complete, and we are making progress on manufacturing the PV array, MPPTs, Endurance 

motor, four-motor Sprint configuration, and propellers.  Once the components are complete, we 

will integrate them into the boat and complete our testing and driver training. 

Our recommendations for next year include continued work on designing and building 

custom motors for our competitions.  The team should optimize an Endurance motor solely for 

Solar Splash instead of using one motor for both the Solar Splash and Frisian Solar competitions.  

Another recommendation is to make a new hull out of the balsa wood and fiberglass composite 

which we have tested and used to construct our Frisian Competition hull.  This would decrease 

the hull weight, resulting in less drag. 
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CURRENT DESIGN & PROBLEM DEFINITION  

Current Design 

Solar Array . The 2007 team successfully developed and manufactured a new solar array 

that output close to the limit of 480 Watts under one-sun conditions. This replaced the array used 

in 2005 and 2006 which only produced about 380 Watts.  However, in 2008 this new array 

appeared to produce less than 400 W in one-sun conditions. Since 2006, Cedarville teams have 

used a single maximum power point tracking (MPPT) device to optimize the power drawn from 

the two series of solar cells.  

 

Endurance Drivetrain.  The 2007 team developed a new, sleeker Lower Gear Unit 

(LGU) for the Endurance drivetrain using only commercially available bearings and gears. This 

allowed for a more reliable, repairable, and efficient LGU than that used from 2004 to 2006. The 

2009 team developed a contra-rotating LGU that was able to recoup some of the losses seen in a 

single propeller system.  Since 2005, Cedarville teams have been designing and machining their 

own propellers using computer programs developed in-house.   

Sprint Drivetrain . From 2004-2009 we have used the same basic outboard design for the 

Sprint drivetrain.  The basic design involves two (2) Etek motors driving a common sprocket; a 

Gates Polychain belt on the common sprocket drives a smaller sprocket.  This smaller sprocket 

turns the downshaft, which turns the propeller shaft.  Because of the sprocket size differences, 

our propeller runs 2.8 times faster than our motors.  In the Sprint Event we typically have seen 

about 425 Amps passing through each motor, while the battery voltage drops from the nominal 

36 volts to about 24 volts during this high amperage discharge. 

Hull . The 2007, 2008, and 2009 Cedarville University Solar Splash teams used the same 

cedar-strip/fiberglass hull which the 2006 team built using the hull design proven in the 2004 and 

2005 competitions. The design allows the boat to transform from a planing hull in the Sprint 

Event to a low-drag displacement hull in the Endurance Event with a simple shift of weight. In 

an effort to create the lightest possible hull without the expense of carbon fiber, the team chose 

cedar-strip construction encased in fiberglass and epoxy. After construction the hull weighed 

94.8 lbs (43 kg).  

Problem 

In spite of Cedarvilleôs success over the past six years, the 2010 team identified several 

problems (or opportunities for improvement) which we sought to improve for Solar Splash 2010. 

 The PV array only produces 400 W under one-sun conditions, whereas 480 W is allowed. 

 The MPPTôs efficiency and effectiveness could be improved by designing custom MPPTs and 
using one for each series of cells in the solar array. 

 The efficiency of the Endurance motor and drivetrain could be improved by designing our own 

submerged, in-line motor. 

 The Sprint motors exceed their rated current causing large ohmic (  losses. 

 Although the 2004-2009 hull design is excellent and slight modifications will not provide much 

increase in performance, a new hull using balsa instead of cedar wood would lighten the boat and 

reduce the drag.    
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Design Specifications  

We determined the specifications necessary to win each individual category based on 

previous yearsô results and then set the following team performance specifications for 

Cedarvilleôs 2010 Solar Splash boat: 

 Complete the Maneuverability Qualifying Event in 60 seconds 

 Complete the Slalom Event in less than 36 seconds  

 Complete the Sprint Event in 21 seconds, maintaining an average speed of 32 mph (51.5 km/hr) 

and achieving a maximum speed of 42 mph (67.6 km/hr) 

 Maintain an average speed of 8 mph (12.9 km/hr) in the Endurance Event 

Using these team specifications and the expected sun conditions, we created power 

budgets for the Sprint and Endurance Events which are shown in Tables 1 and 2, respectively.  

These power budgets track the amount of power added or removed from the system through 

various components of the boat and account for each componentôs efficiency.  The power budget 

for the Sprint Event is based on a desired top speed of 42 mph (67.6 km/hr), while that for the 

Endurance is based on an average speed of 8 mph (12.9 km/hr).   

 
Table 1. Power budget for Solar Splash Sprint Event 

 
 

Table 2. Power budget for Solar Splash Endurance Event 

 
To meet our team goals, we must meet the requirements in the power budgets for each 

component of the boat.  The key individual goals derived from the power budgets are as follows: 

 The PV array must output 480 W under one-sun conditions of 1000 W/m
2
.  This would give an 

expected output of ~400 W under conditions typically seen in Arkansas on sunny days in June. 

 The MPPTs must be more than 94.0% efficient; the addition of MPPTs for each series minimizes 

the decreases in the net power output of the arrays during shadowing of individual series. 

 The Endurance motor must be at least 85% efficient and be in-line with the propeller.   

 The Sprint motor setup will be 70% efficient, compared to the previous one which was 45% 

efficient. 

 The Sprint propellers will produce 120 lb of thrust at 42 mph, with an efficiency of 70%.  

 The Endurance propellers will be optimized at 8 mph and have an efficiency of at least 86%

Batteries Controls Motor Drive Train Props Hull

N*m 168.0 168.0 N

lbs*ft 123.9 123.9 lb

rad/s 95.0 90.3 km/h

rrpm 907.2 861.8 mph

Component 

Power Gain (W)
24000 -1200 -6840 -798 -5347 -10613

Output Power 

(W)
24000 22800 15960 15162 10613 0.00

Controls Motor Prop Gear Train

95.0% 70.0% 70.0% 95.0%

Power (W)

Component Power 

Gain (W)

Power (W)

Angular 

Velocity 

Voltage (V) 24.0 22.8

Current (A) 1000 1000

Component 

Power Gain (W)

565

Efficiencies

Torque Thrust

Velocity

126.9

67.68

42.1

Expected PV 

Power
PV MPPT Batteries Controls Motor Gear Box

Gear 

Ratio=
5 Props Hull

N*m 1.59 N*m 7.57 N

lbs*ft 1.18 lbs*ft 5.59 lb

rad/s 418.9 rad/s 83.8 km/hr

rpm 4000 rpm 800 mph

Component 

Power Gain (W)
400 -24.0 432 -40.4 -99.8 -33.4 -122.2 -546

 Output Power 

(W)
400 376 432 768 668 634 546 0.00

PPT Controls Motor Gear Box Prop

94.0% 95.0% 87.0% 95.0% 86.0%

Power (W)

Component 

Power Gain (W)

Component Power 

Gain (W)

Power (W)

12.87

8.00

Torque

Angular 

Velocity 

Torque

Angular 

Velocity 
8.33 18.00 47.1 Velocity

Thrust

Efficiencies

Component 

Power Gain (W)

Power (W)

152.6

34.3
Voltage (V) 48.0 45.1 24.0 16.3

Current (A) 8.33
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DESIGN CONCEPT 

Electronics Team 

 Solar Array.  Our team will be competing in both the Solar Splash competition and 

Frisian Solar Challenge in the Netherlands.  Thus, we worked to obtain solar cells and design a 

PV array for the Frisian Race, which could be modified for the Solar Splash Competition.  To 

construct a PV array for the Frisian Competition that outputs 1750 W and minimizes both weight 

and area, we began our search of solar cell suppliers with those that produce space-grade solar 

cells.  These cells are the third generation triple-junction GaAs solar cells with efficiencies 

upwards of 25%.  We began communications with the two main companies who produce and 

supply these cells to NASA: Spectrolab and Emcore. Meanwhile, we pursued a sponsorship from 

SunPower and other companies that produce commercial first-generation crystalline silicon solar 

cells.  With SunPower, Emcore, and Spectrolab as the main prospects at the time, we performed 

an analysis to determine the optimum series/parallel combination for each of the three using the 

following set of equations.  Equation 1 and Equation 2 calculate the open circuit voltage 

(VOCSeries) and maximum power of one series (PMPPSeries), respectively, based on the number of 

cells in a series (ncells). 

         (1) 

        (2)  

Equation 3 calculates how many series (nseries) it would take to reach the desired 1750 W 

for the Frisian Race, rounding down to the nearest whole number so as not to exceed this power.  

Equation 4 calculates approximately how much area (APVcell) these cells would require, and 

Equation 5 calculates the expected maximum power of the entire array (PMPParray), knowing the 

number of series and number of cells per series.  

          (3) 

        (4) 

        (5) 

We calculated these values using a Microsoft Excel table for each of the solar cell 

suppliers.  Eventually we learned that Emcore and Spectrolab were both willing to offer a 

discount to our team, but the prices were still not affordable.  We designed a PV array layout and 

hull for the Frisian Race that would fit the SunPower cells in the hopes that SunPower would 

agree to sponsor us.  However, they decided in March that they could not sponsor us.  We then 

discovered another company that seemed open to the idea of sponsoring our team.  This 

company, JA Solar, agreed to donate their 125SL 18% efficient mono-crystalline silicon solar 

cells to our team. 

The PV array layout and hull, mainly the deck, needed to be redesigned to accommodate 

these solar cells, which are less efficient than SunPower cells.  A final table of values was 

created for JA Solar 125SL 18% efficient solar cells (Table D.1 in Appendix D).  With multiple 

MPPTs we had freedom to design different series/parallel combinations.  In other words the 

individual series do not need to contain the same number of solar cells.  This made it easier to 

optimize both the Solar Splash and Frisian PV arrays such that the solar panels from the Solar 

Splash boat could be transferred to the Frisian boat.  We created two more tables (D.2 and D.3) 

to determine the best combination of voltage/series arrangements to attain the 1750 W for the 
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Figure 1.  Solar panel material layers 

Frisian Race and the 480 W for the Solar Splash Endurance Event.  See Appendix D for more 

information. 

Due to the efficiency loss as the cells become hotter, the cells require cooling to maintain 

the maximum power output.  Two questions arise: How hot is too hot and what type of cooling 

should be employed?  Placing thermocouples on the solar panels allows monitoring of the cell 

temperature.  Knowing the efficiency loss per degree as listed by the manufacturer provides 

guidance as to when the cells should be cooled.  Thus, to maximize the power output, it is 

helpful to install thermocouples in the panels so that the driver knows the temperature of the 

panels, and therefore, when to cool the cells with water.   

We needed to determine how we would 

construct the solar panels.  In the past, 

Cedarvilleôs panels consisted of two layers of 

EVA to encapsulate the solar cells, and a layer of 

parabeam fiberglass to provide structure.  This 

year we decided to experiment with an aramid 

fiber honeycomb core sandwiched by two layers 

of carbon prepreg to provide structure and rigidity 

to the panels instead of Parabeam fiberglass.  

Additionally, we decided to pursue using 

conformal coat to encapsulate the cells instead of 

EVA.  Conformal coat is lighter 

than EVA and provides high 

light transmission.  Figure 1 

shows the layers involved in our 

initial plan for the solar panels.  

Appendix E explains the method 

we used manufacture our panels 

using vacuum bagging. 

 

 MPPT. The purpose of a 

maximum power point tracker 

(MPPT) is to transfer the power 

from the panels to the motor 

with minimal power losses.  The 

first step toward re-designing 

peak power trackers was to 

understand and modify a design 

of an existing device whose 

block diagram is shown in 

Figure 2.  This MPPT was 

designed to handle lower input power than what our boats require.  Therefore, we needed to 

replace the current switching regulator, one of the most important components in the schematic, 

and redesign the components surrounding it.  We found a suitable replacement part, the 

LTC3703, and then performed numerous calculations to complete the modified design.   

Our main issues or concerns with the switching regulator design were the inductor size 

and the ability of the input capacitors to handle the required ripple current.  We created a 

Figure 2. Block diagram of MPPT 
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Microsoft Excel spreadsheet to change input parameters and see the effects on the other variables 

and component values.  The spreadsheet is located in Table F.1 of Appendix F.  Originally we 

chose a frequency of 100 KHz, but this required a large inductor.  We then chose a frequency of 

300 KHz which yielded a desirable inductor size.  The required ripple current was based on the 

12 A input current coming from the solar panels.  We selected a combination of aluminum 

electrolytic and ceramic capacitors for bulk capacitance and ripple current, respectively.  Since 

large ceramic capacitors are expensive, we decided to reduce cost by using eight 3.3µF ceramic 

capacitors in parallel together with two 220 µF aluminum electrolytic capacitors on the input 

side.  We also found suitable diodes, resistors, and capacitors. With the inductance known, we 

determined the type of inductor core, wire gauge, and number of turns as shown in Appendix F.   

With the switching regulator and its surrounding components designed, the only other 

main parts in the power circuit that needed to be replaced, besides resistors and capacitors, were 

the MOSFETS and their ideal diode controllers.  The MOSFETS were rated at 60 V on the input 

side and 30 V on the output side.  Two MOSFETs were found to replace these as well as a 

suitable ideal diode controller for both.  We decided to use the MicroChip PIC16F 

microprocessor, since the Cedarville robotic teams have used this in the past and so we are 

familiar with it.  Next, we checked all the values of the resistors and capacitors used for 

inputs/outputs to the microprocessor and changed them as necessary.   

As we determined components throughout this calculation and design process, we input 

them into the schematic in PCB Artist.  We decided to create two circuit boards for the prototype 

phase; one for the power circuitry and one for the microprocessor.  In this way, both boards 

could be tested separately, and once debugged, combined together.  When the schematic neared 

completion, we transferred it to a printed circuit board layout in PCB Artist.  Both the schematic 

and printed circuit board were then changed as errors were discovered or better solutions were 

obtained.  They are shown in Figures F.2 and F.3, respectively, in Appendix F. 

 

Drivetrain  Team 
 Motor Design. We designed the podded propulsor (submerged motor) for the Frisian 

Solar Challenge, but we will also use it for the Endurance Event at Solar Splash.  The pod will be 

easily interchangeable between the two drivetrains through the use of the same attachment 

mechanism on each down shaft.   

Our objective was to design and 

manufacture the entire propulsor from the 

pod housing to the motor such that it meets 

the requirements specified in the power 

budget.  We studied two books on 

Brushless Permanent-Magnet (Brushless 

PM) motor design; Design of Brushless 

Permanent-Magnet Motors (Hendershot, 

1994), and Brushless Permanent-Magnet 

Motor Design (Hanselman, 94).  We used a 

contact at SeaLandAire Technologies to 

contact McCleer Power, a small company 

that specializes in the design of custom 

motors.  They agreed to help us with the more 

Figure 3. Initial torque -speed curves obtained from the 

power budget and testing 



Design Concept   Cedarville University  
 

Cedarville University ï Solar Splash Technical Report 2010 

 6 

complicated electromagnetic design and analysis, and to help with questions regarding 

manufacturing.   

To design the motor, we determined 

the torque-speed curve of the load 

(propellers) using the strain gage setup on 

the Solar Splash Endurance drivetrain (see 

2009 Tech Report).  We fit the trend of these 

curves to the values of torque in the power 

budget.  Figure 3 shows the torque-speed 

curves for the propellers for each 

competition.  McCleer Power completed a first iteration on motor design for the Solar Splash 

Endurance Race.  Table 3 shows the initial design calculations from McCleer Power.  The length 

of the stator (31.5 in) was too long, making manufacturing impractical.   

To decrease the length of the stator, we used Equation 6, where  is the motor 

torque, is the motor speed,  is the motor power,  is the motor constant, and  

and  are the motor diameter and length, respectively.   

   (6) 

Our design specifications fix several parameters in Equation 6.  From the power budget, 

motor power is fixed; therefore, to decrease torque, we increased speed.  We wanted to keep the 

motor diameter as small as possible to minimize drag (drag is proportional to cross-section area) 

so, to decrease the length, we held  constant.  Our propeller design team calculated that we 

could increase our motor speed to ~800 rpm before experiencing a drop in propeller efficiency.  

This increase in speed had little effect on motor length, so it was decided that the most efficient 

way to decrease motor length was to add an in-line gearbox.  Motor speed was increased to 4000 

rpm, by selecting a gearbox 

with a 5:1 gear ratio. Figure 

4 shows the updated torque 

speed curves.  By back 

calculating a motor constant 

from the first motor design 

iteration, we predicted new 

motor lengths for given 

diameters.  Figure 5 shows 

predicted motor lengths for 

each competition.  We 

decided to build a 3 inch 

(76.2 mm) diameter motor 

to keep the length:diameter 

ratio to approximately two for 

the Frisian Class C competition.  Our design specification for pod diameter had been somewhat 

arbitrarily chosen to be 3 inches, but after choosing a motor diameter of 3 inches, we adjusted the 

pod diameter specification to 3.5 inches (88.9 mm).  

Table 3. First iteration on motor design from McCleer 

Power for Solar Splash 

Figure 4. Torque-speed curves for second iteration on motor design 
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McCleer Power 

completed a second design 

iteration on the motor.  With 

the addition of a gearbox and 

by increasing propeller speed 

from 600 to 800 rpm, we 

were able to decrease stator 

length to 4.5 inches (113mm).  

Figure 6 shows a cross-

section of the stator and rotor.  

The initial design called for 

arc magnets on the rotor, but 

setup costs are expensive 

because the inner arc has to be cut using wire EDM.  Working 

with McCleer Power and Applinetics (magnet grinding/rotor 

assembly), we specified bread loaf magnets (shown in Figure 6).  

Bread loaf magnets are epoxied to the rotor and then ground to the 

desired rotor diameter. 

While McCleer power was working on the electromagnetic 

design of the motor, we were working on the mechanical side of 

motor design.  The rotor is supported by ceramic bearings, which 

we chose because they are more efficient than steel bearings.  

They insulate the rotor from the stator, preventing electron 

discharge erosion of the bearing races and balls.  We wrote a 

program using TK Solver to perform a fatigue analysis of the rotor shaft.  (See Appendix H for 

all TK Solver codes).  After the geometry of the shaft was finalized, we used Algor to perform a 

finite element, natural frequency analysis (See Appendix I) to verify that the operating speed of 

the rotor is not at a natural frequency. 

We approximated the shape of the nose cone 

on the pod using superposition of stream functions to 

create a half body.  Figure 7 shows the problem set up, 

and Equation 7 shows the equation for the shape of 

the half body where  is the shape in polar 

coordinates.   

    (7) 

There are many factors that go into building a motor, both in their design and 

manufacture.  Appendix J includes more detail about manufacturing a motor.  We developed a 

list of companies and contacted them to see if they would be willing to donate time and 

materials.  The two main parts of the motor that needed to be outsourced were the stator and the 

rotor.  The stator is made out of thin laminates that are laser cut and welded together to form the 

stack.  We also outsourced the rotor because the magnets are custom cut, ground, and then 

attached to the rotor.  Both of these high cost items were donated free of charge aside from the 

machining of the rotor.   

 

Hydrofoil.   The University of New Orleans team has shown that the addition of a single 

hydrofoil to the down leg of the Endurance Event drivetrain decreases the net drag of the hull, 

Figure 7. Half body problem setup for 

submerged motor housing. 

Figure 6. Rotor/Stator cross-

section ï detailed dimensioned 

drawings in Appendix G 

Figure 5. Bar chart comparing motor lengths for specific diameters 
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NACA 4412 at 10 deg

Cl Cd Cl Cd

2 0.04 1.3 0.016

Area (ft^3) Lift (lbf) Drag (lbf)Lift (lbf) Drag (lbf)

5.5"x18" 0.69 183.33 3.67 119.16 1.47

5.5"x24" 0.92 244.43 4.89 158.88 1.96

5.5"x30" 1.15 305.54 6.11 198.60 2.44

5.5"x36" 1.38 366.65 7.33 238.32 2.93

5.5"x42" 1.60 427.76 8.56 278.04 3.42

5.5"x48" 1.83 488.87 9.78 317.76 3.91

S1223 at 12 deg

Re=300,000 Re=3,000,000

enabling higher velocities. Table 4 shows the 

benefits of two possible hydrofoil cross-

sections at 8 mph (12.9 km/hr). We chose 

the NACA 4412 foil because of its lower 

drag characteristics, the comparative ease of 

determining its angle-of-attack, and its 

thicker cross section (for strength purposes).  

According to our theoretical drag 

data, if we can produce 238 lb (1058.7 N) of 

lift for only 2.9 lb (13.0 N) of drag using the 

36 inch (0.91 m) foil, we can decrease the 

net drag of the hull by 65%. The hydrofoil will reduce the drag mainly by reducing the friction 

drag on the hull, because there will be less wetted area due to the lift from the foil. 

 

 Sprint Drivetrain Redesign. The major focus for optimizing the Sprint drivetrain is the 

reduction of ohmic  losses.  Three different options were investigated to accomplish this 

goal. The first option was the development of a step-up converter to double the motor voltage 

and reduce the current by a factor of 2. This would reduce the ohmic losses in the motors by 75% 

increasing the power transferred to the propeller. This would drop the current in each of the two 

sprint motors to 250 A, which is 

within the Etek motorsô design 

specifications of a maximum current 

of 330 A for 1 minute.  The increased 

voltage will also increase the speed 

of the motors.   

The next option was to 

purchase a new Sprint motor that was 

better designed for our power rating. 

This option was not vigorously 

pursued by our team.  

The final option included the 

addition of two motors to the Sprint 

drivetrain. This allows us to split the 

current in each motor so that each 

motor now receives only 250 A 

instead of 500 A. This change is 

significant because it will reduce the 

heating losses by 75%; however, it 

will add an additional 50-60 lb (222.4-

266.9 kg) to our drivetrain which will increase the drag.  The disadvantage from the additional 

weight should be more than offset by the benefit of the increased power. 

After choosing to further pursue the step-up converter and the four motor system, we 

developed a mathematical model to predict the results to determine the benefits of each 

approach. The model was based on the Sprint power budget, Ohmic  losses, and a measured 

armature resistance in the Etek motors. The results from this model are shown in Figure 8 and 

the Excel spreadsheet containing these results can be found in Appendix K.  

Figure 8.  This chart displays the theoretical 

losses for various motor configurations. The voltage and 

current entering the motors are displayed.  Notice how the 

reduction in current greatly reduces the losses in the motors. 

The final category labeled ñinto propellerò represents the 

power to be transferred to the propeller. All three 

approaches will theoretically give us the necessary 18.2 hp 

(13,650 W) needed to reach 42 mph. 
 

Table 4. Characteristics of two choice hydrofoils at 8mph 
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According to our propeller design code, either option should be able to produce enough 

power to for us to meet our goal of beating last yearôs fastest time in the Solar Splash Sprint 

competition. To verify the results of our mathematical model, we developed a back-to-back 

motor test to test the efficiency of our motors at various voltage and current levels. We were 

required to develop the back-to-back motor test because we do not have a dynamometer capable 

of testing in our horsepower range. This test is explained below in Figure 9.  

 
Figure 9. The test setup is for back-to-back motor testing. Motor 1 acts as a motor while Motor 2 works as a 

generator that is driven by the shaft of Motor 1. Efficiency was determined by measuring the power into the 

controller, the power into Motor 1, and the power out of Motor 2.  Load was controlled by varying the 

resistance of the load. 

A sample of the test results are 

displayed in Figure 10. Notice how the 

motor efficiency increases with a decrease 

in current. These results confirm our 

theory and give us information on how our 

motors will run at our design point. At 250 

A and 24 V we can anticipate a motor 

efficiency of around 70%. This is slightly 

lower than what our mathematical model 

predicted, but this was expected since our 

model does not account for the increase in the armature resistance as the temperature increases. 

An increase in internal resistance will result in higher  losses and a slight decrease in 

efficiency.  Testing has shown that the battery voltage during this high-amperage draw will be 

between 20 and 24 V. As long as we can keep the battery voltage above 19.5 V at 1000 A, we 

will be able to reach our goal of 18.2 hp (13,650 W) giving us enough power to go 42 mph (67.6 

km/hr).  

Based on the model and testing results, we decided to pursue the four motor drivetrain 

with the option of implementing the step-up converter should it be completed on time.  

 

 Sprint Propeller. We used the Crouch method found in David Gerrôs Propeller 

Handbook, to determine the theoretical top Sprint speed to be 34-42 mph (54.7-67.6 km/hr) 

Figure 10. Test data showing relationship between 

efficiency and current. Voltage is held constant at 24 V. 
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based on shaft input power range of 14-22 hp (10.7-16.5 kW) (Gerr, 01).  Next we used Figure 

11 to determine the pitch ratio range between the maximum and average curves over the range of 

speeds.  This pitch ratio range is 1.2-1.4. We will use a pitch ratio of 1.3 and verify that an 

appropriate shaft horsepower is obtained by testing the motor.   

 Using other equations in Gerrôs 

design methodology, we then were able to 

determine the pitch and diameter for our 

propeller. 

To further enhance our Sprint 

performance, we researched ways to 

increase propeller thrust based solely on the 

geometry of the propeller alone.  We found 

that both rake and cup can potentially 

benefit performance.  For instance, rake can 

potentially raise top speed at wide open 

throttle (WOP) by producing bow lift and 

reducing drag.  Cup can potentially 

produce greater acceleration from rest.  

Both cup and rake potentially reduce ventilation, which has been a problem in the past.  Due to 

time constraints, and the fact that cupping the blade with the CNC could be difficult, we focused 

on rake and created models in SolidWorks with the appropriate pitch and diameter of a 

conventional propeller and a raked propeller.   

  

Endurance Propeller. As in the past, we pursued the Crouch Method found in David 

Gerrôs Propeller Handbook (Gerr, 01) to design our Endurance props as well.  Using the 

handbook and past teamôs reports, we wrote a new computer code using TK Solver to come up 

with a pitch, diameter, and developed area of the propeller blade.  A copy of the Solar Splash 

Endurance propeller program is found in Appendix M.  We wrote this program to design 

propellers based mainly upon an input design speed, velocity and current, which were specified 

in the power budget.   Before coming up with final parameters for the SolidWorks propeller, we 

performed a slip and drag test.  Although we had unusable results for the drag test, we had good 

results for slip.  We found that we had 15 to 20% slip experimentally, yet we calculated 45-50% 

slip when we used Gerrôs equations.  The Propeller Handbook is a helpful tool in the design 

process, but Gerrôs equations do 

not match our exact situation 

because his equation for slip is 

based upon larger boats with 

much higher displacements, 

power, and speeds (Gerr, 01).  

Understanding how to modify 

Gerrôs equations based upon our 

own slip testing is a key 

component of our past 

successful propeller designs.   

We used the slip results 

to calculate efficiencies, as 

Figure 12.  Comparison of Gerr's slip to experimental slip testing 

  

 

Figure 11.  P/D Ratio vs. Speed. 
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shown in Figure 12.  Although we wanted to check the efficiency by calculating the power 

coming into the propeller divided by the power leaving the propeller, we did not have enough 

data to do this.  We went ahead and designed our first endurance propeller using Gerrôs 

calculated slip.  

We used these parameters and a Matlab code developed in-house to come up with the 

elliptical blade profile.  From this profile, we modeled the Endurance propeller in SolidWorks.  

We rewrote a tutorial to help students model propellers in SolidWorks in the future.  This tutorial 

is found in Appendix N.   

 

Hull  Team 
 Since the hull design we have been using since 2004 for the Solar Splash competition has 

proven to be a winning design, we have found that minor modifications to the design would not 

increase our performance notably.  Therefore, we decided to reuse the cedar strip hull that 

Cedarville has used for the 2006-2009 competitions.   

 However, our team did spend significant time designing and constructing a displacement 

hull for the Frisian Solar Challenge.  The extensive efforts to design the Frisian hull are not 

discussed here since it is not applicable to the current hull  However, from this design work, we 

determined that possible improvements to the Solar Splash hull could be made in future years by 

changing the material from which the hull is constructed. 

We considered two construction methods for our new Frisian hull ï a foam core vacuum 

mold and a wood core sandwich composite.  Due to our time constraints to build the hull, we 

concluded that a wood core sandwich structure would be the most effective use of our time. 

Next we had to determine which wood and fiber materials to use based on material 

properties such as strength, 

stiffness, and density.  We made 

our own layups of fiber composite 

samples to measure, test, and 

obtain necessary data for analyzing 

strength, stiffness, and weight.  

Figure 13 represents how the wood 

core sandwich structure is composed.  

Figure 14 shows a few samples and how 

we weighed them.  We also performed 

tension tests to find Youngôs Modulus.  

The tension test procedure is explained in 

detail in Appendix O. 

We based our decision of which 

composite to use upon the ultimate tensile 

strength, Youngôs Modulus, and weight.   

We analyzed four different wood types and a variety of epoxy and fiber composites.  We 

found that bamboo, popular, cedar, and balsa wood are all strong enough to meet the estimated 

maximum bending stress conditions of the boat.  Bamboo was too costly and would not cut into 

strips effectively.  Cedar and poplar were more than twice as heavy as balsa.  Therefore, we 

decided to use balsa wood because of its weight and strength.  

Table 5 displays a summary of our analysis from tension testing different fiber epoxy 

sample layups.  It also displays a brief summary for our weight results for just one thickness of 

Figure 13.  Wood core sandwich composite 

layers 

 

Figure 14.  Samples of fiberglass/epoxy layups and how 

we weighed them 
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balsa wood being wrapped in a composite.  Additionally it compares types of fiber to obtain an 

estimated total boat weight.  Appendix P contains more results of the tension test data analysis 

for various material thicknesses and types of composite layups and weights. 

 
Table 5.  Tension test and analysis results summarized 

TYPE OF LAYUP 

Average 

Youngôs 

Modulus 

(psi) 

Ultimate 

Tensile 

Strength 

(psi) 

Average 

Max 

Load 

(lb) 

Weight of 300 ft
2
 boat 

using fiberglass cloth 

and 1/4 in Balsa wood 

core (lb) 

6oz fiberglass  med hardener 1.22E+06 18030 364 143 

4oz fiberglass, fine, med hardener batch #1 1.72E+06 18868 294 127 

4oz fiberglass, fine, med hardener batch #2 1.85E+06 23325 261 129 

4oz fiberglass, coarse, med hardener 1.43E+06 13243 141 114 

5oz Kevlar weave med hardener 2.26E+06 39753 739 174 

Our tension test proved to be effective to compare individual ultimate tensile strengths, 

Youngôs Modulus, and maximum loading between types of fiber composites, but found all to 

have an acceptable variation that would be able to support the loading of our hull.   

Lastly, we compared bending stress calculations with the lowest compressive stress that 

the boat could handle.  We used Equation 8 to find the maximum bending stress, ů (psi).  The 

maximum bending moment is M (in-lb), c (inches) is the distance from the center of gravity to 

the maximum bending stress location, and I (in
4
) is the moment of inertia of the cross-section at 

the center of the boat.   

    (8) 

From Equation 8, the maximum bending stress based on two locations for moment of 

inertia of its cross-section was 28- 33 psi (193-228 kPa).  This bending stress is much less than 

compressive stress of the balsa wood at 2,160 psi (14.9 MPa) and less than the ultimate tensile 

stress of the 4 oz fiberglass at 13,243 psi (91.3 MPa).  Therefore, we concluded that the balsa 

composite would structurally support our loading conditions and meet or exceed the weight 

specification by being less than 120 lb (54.4 kg).  
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DESIGN DESCRIPTION  

Electronics Team 

 PV Array.  We determined the final 

layout of solar cells for both the Solar Splash 

boat and the Frisian boat.  The Solar Splash 

boat will consist of three solar panels.  They 

will each be ten cells by six cells, totaling 

180 cells.  One MPPT will be used for each 

series of sixty cells, obtaining slightly less 

than the maximum of 480 W under one-sun 

conditions.  These three panels will be transferred to the Frisian boat as shown in Figure 15.  See 

Appendix D for more information on the Solar Splash and Frisian PV array layouts.  

After our initial design layup 

for the solar panels, we needed to add 

two more layers ï a backsheet film to 

reflect light that passes through the 

solar cells back into them and a layer 

of EVA to bond the backsheet film to 

the solar cells.  Figure 16 shows the 

finalized design of the solar panel 

layers.   

 

 

 

 

 MPPT. The prototype 

MPPT, shown in Figure 17, is 

complete.  It now needs to be 

tested.  After determining 

what changes need to be 

made, if any, we will 

combine this with the 

microprocessor and its 

components into one circuit 

board design.  These printed 

circuit boards will then be 

ordered, the components will 

be soldered on, and the 

MPPTs will be incorporated 

into the boat. 

 

 

  

Figure 15.  Both boatsô PV array layouts side-by-side 

 

Figure 16.  Solar panel layers 

 

Figure 17.  Prototype peak power tracker 
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Drivetrain  Team 

 Motor Design. 
Table 6 shows a summary of the final motor design results from McCleer Power.  The 

results in this table meet the requirements of the 

power budget for Frisian Class C.  Because the 

power requirements for Solar Splash are lower than 

Class C, the motor will also work for the Solar 

Splash competition.  Figure 18 shows an exploded 

view of the final motor design.  The stator is made 

from many laminations to increase efficiency.  We designed thicker end plates that are welded 

onto the end of the stator to keep the end bells, and thus rotor, aligned and concentric with the 

stator.  We 

accomplished 

this by designing 

tabs on the end 

bells that align 

with slots in the 

thicker end 

laminations.  The 

tabs on the end 

bell have to be 

able to transmit 

the torque in the 

air gap between 

the rotor and the 

stator.  To ensure the tabs will not shear off, we analyzed the shear stress on the tabs using a 

program we wrote in TK Solver and found that the tabs have a safety factor of 98.  The large 

safety factor does not mean that the tabs are over designed.  In this case, geometry dictated 

design more than failure analysis.   

From the rotor shaft fatigue analysis we determined a safety factor of 2 at the step on the 

output shaft.  The natural frequency analysis done using Algor showed that the first natural 

frequency occurs at approximately 25 times our maximum operating speed.  Therefore, our shaft 

will neither fail nor operate 

near any natural 

frequencies.   

Figure 19 shows the 

pod design.  Due to the 

geometric constraint on the 

diameter of the motor, we 

ran the motor lead wires out 

of a terminal block on the 

front of the motor, back 

through the down leg 

attachment, and then up to 

the boat through the down 

leg.  The motor and gearbox 

Figure 18. Exploded view of brushless permanent magnet motor 

Figure 19. Annotated cross-section of pod 

Table 6. Summary of motor parameters 
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carry the thrust load. 

Figure 20 shows how the torque is 

transferred.  Torque from the propeller is 

transmitted from the propeller shaft, to the gearbox, 

to the gearbox housing, and then to the down leg.  

This prevents the motor from having to take all the 

propeller torque.  Because we are using a stock 

gearbox, we designed a custom flange that transfers 

torque to the housing through a spline interface.  

We wrote a TK Solver program that allowed us to 

analyze whether or not the bolts holding the 

gearbox flange to the pod will fail (Appendix H).  

Table 7 shows a summary of these results.  The 

high safety factors are due to geometric 

constraints and not an overdesign of the gearbox 

housing. 

Using a drag coefficient for streamlined 

bodies (Cd=0.1), we predicted the drivetrain 

drag.  Figure 21 shows that the total drag on the 

drivetrain with a pod 3.5 inches (88.9 mm) in 

diameter is approximately1.6 lb (7.0 N) at a speed 

of 8 mph (12.9 km/hr) (Solar Splash) and 3.5 lb (15.8 N) at a speed of 12 mph (19.3 km/hr) 

(Frisian Class C).    

The laminations that 

make up the stator were laser 

cut and then welded together.  

Laser Laminations 

manufactured and donated the 

stator to our team.  To ensure 

the ends of the stator were 

perpendicular to the stator 

bore, we turned each end of 

the stator on the lathe.  We 

folded our own slot liners 

(slot insulators) using Nomex 

paper.  They were then fitted 

into the stator.  Winding a 

motor is a mechanical art.  

Figure 20.  Flow chart of torque transfer from 

propeller to pod 

Table 7. TK Solver results 

Figure 45. Predicted pod drag versus boat speed 

Figure 22. Overview of winding process & wound stator 

Figure 21. Predicted pod drag versus boat speed 
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After many hours practicing winding several poles to gain experience and knowledge on winding 

the stator, we made bundles of wire for each phase and wound the motor.  Figure 22 shows an 

overview of the winding process and the wound stator.      

We machined the end bells and gearbox flange on the 

Hurco CNC Mill.  Figure 23 shows one of the machined end 

bells and the gearbox flange.   

 The motor is controlled using a sensorless RC motor controller.  The controller measures 

back EMF to calculate rotor position.  The advantage of this is that no Hall Effect sensors are 

needed to sense rotor position.  Figure 24 shows a block diagram of the motor controller setup.  

We will be using a Castle Creations Phoenix ICE 200 controller and an AstroFlight servo tester 

with analog PWM frequency to control the motor speed and current draw.   

 We will implement the podded propulsor by attaching the pod to a foil shaped leg and an 

aluminum tube. The 

aluminum tube will be 

attached to a steering plate at 

the top of last yearôs 

mounting bracket. The 

mounting bracket is lined 

with a low-friction material 

to ensure smooth turning. 

The cylinder tube will be 

attached to the steering plate 

by a pin so that the entire 

drivetrain can be easily 

lowered out of the mounting 

bracket. Figure 25 shows the 

SolidWorks model of the 

mounting system. 

 

Hydrofoil.  For the Solar Splash Endurance race, we designed a 36 inch (0.91 m) by 6 

inch (15.2 cm) foil to produce 260 lb (1156.5 N) of lift for an additional 3.2 lb (14.2 N) of drag. 

The foil will be mounted to the down leg of the drivetrain as displayed in Figure 26. There will 

be two down legs manufactured, one with a hydrofoil (Figure 26) and one without (Figure 25).  

This will allow us to test the benefits of the foil without jeopardizing the net drag of the boat. 

 

Sprint Drivetrain Redesign. The four motor system drivetrain was designed to allow for 

a range of gear ratios from 2 to 3.6. This will allow us to adjust the gear ratios to make final rpm 

adjustments to optimize the performance of the propeller. The new drivetrain was also designed 

Figure 23. Machined end bells and flange Figure 24. Motor control block diagram 

Figure 25. Solar Splash Endurance 

drivetrain motor mounting system 
Figure 26. Solar Splash 

drivetrain with hydrofoil  
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Figure 27. Four Etek motor drivetrain 

model. The addition of two motors to 

the Sprint drivetrain requires a new 

design for the mounting of the motors. 

The design implements two geared 

pulleys to drive the single downshaft. 

 

to ensure proper shaft alignment, open access to the sprockets, and simple belt adjustment. 

Structural calculations were also done on the drivetrain 

and motor mounting box to ensure reliability. These 

calculations can be seen in Appendix L. The SolidWorks 

model of the new drivetrain design is shown in Figure 27. 

 

 Sprint Propeller. Using the Crouch method, we 

determined the shaft input power range for the Sprint 

propeller to be approximately 14-22 hp (10.7-16.5 kW) 

based upon the motor efficiency range of 45-70% (Gerr, 

01).  From this, we calculated the theoretical top speed to 

be 34-42 mph (54.7-67.6 km/hr).  Next we used Figure 11 

to determine the pitch ratio range between the maximum 

and average curves over the range of speeds.  This pitch 

ratio range is 1.2-1.4. We will use a pitch ratio of 1.3 and 

verify that an appropriate shaft horsepower is obtained by 

testing the motor.   

 We used a program in TK Solver to determine 

that the Sprint propeller should have a 12 inch (30.5 cm) 

pitch and a 9.2 inch (23.4 cm) diameter. 

 

 

 

 

 

 

 

 

 

 

 

 

Endurance Propeller.   From our TK Solver program, we arrived at a pitch of 13.1 

inches (332.7 mm) and a diameter of 15.2 inches (386.1).   Figure 28 shows our current Solar 

Splash Endurance prop design.  This prop has a 15.2 inch (386.1 mm) diameter and 13.1 inch 

(332.7 mm) pitch.   

 

Hull  Team 
 For the hull we designed for the Frisian Competition, we determined that using 0.25 inch 

(6.35 mm) balsa for the deck and 0.125 inch (3.18 mm) balsa for the hull would provide 

adequate thickness and be light weight.  We will wrap both the inside and outside of the boat in a 

4 oz coarse fiberglass cloth to create the wood composite core sandwich structure which gives 

acceptable strength and stiffness.  We concluded that it would be beneficial to reinforce the bow 

with maple wood and an extra layer of fiberglass and to also add extra fiberglass on the keel.   

 

Figure 28.  Final Solar Splash Endurance 

prop modeled in SolidWorks 
Figure 11 (repeated). Pitch Ratio vs Speed 
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DESIGN EVALUATION  
 

Electronics Team 

 Solar Array.   We have constructed a testing fixture to 

test each solar cell individually (Figure 29).  The fixture uses 

four 560-W halogen light bulbs as the light source and a vacuum 

to suction the cells onto a copper ground plate.  We will apply 

the same voltage to each cell by adjusting the potentiometers 

that we have connected to them.  We will then group the cells 

together by current output and begin soldering the cells together.  

Once the solar panels are fully constructed we will test them by 

loading them with resistors and measuring their current output, 

voltage output, and the sun irradiance with the pyranometer 

donated to our team by Kipp & Zonen.  We will then scale the 

output power based on the sun irradiance as compared to one-

sun conditions to estimate the maximum power output of the 

solar panels under 1000 W/m
2
.  Right now, based purely on 

calculations, the solar array will be able to output 473 W as seen 

below. 

  

     
 

 MPPT.  We have performed extensive testing on the maximum power point tracker.  

Most of the signals were working as expected.  We had to add a few wires and cut a few 

connections to get certain parts of the circuit to work.  Throughout this process we have made 

numerous changes to the circuit and the printed circuit board layout.  In addition the 

microprocessor has been added onto the PCB.  Three of these boards will be ordered for use on 

the Solar Splash boat. 

 

Drivetrain  Team 
 Motor Design. Our motor/pod design has been quite successful.  Our motor met our 

efficiency goal of 85% with a design efficiency of ~87% as calculated from design results from 

McCleer Power in Appendix J.  Although we experienced some unexpected design changes such 

as the addition of a gearbox which has an efficiency of 95%, our entire drive train, with an 

overall efficiency of ~83% is more efficient than previous drivetrains.  From our background 

research, the Etek motors have an efficiency between 70 and 80% which does not include losses 

in the drivetrain.  As reflected in the power budget, the increase in drivetrain efficiency allows 

more power to be converted into forward thrust by the propellers.   

 

Hydrofoil.  We are still in the process of finalizing the hydrofoil design and will begin 

construction of it shortly.  Once complete, we will test the hydrofoil, and if it produces enough 

lift  to offset the increased drag as expected, we will use it for the Endurance Event.  Otherwise, 

we will simply use the down leg without the hydrofoil (Figure 25). 

 

Figure 29.  Solar cell test facility. 
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Sprint Drivetrain Redesign. The final Sprint drivetrain design was designed based on 

the results from the mathematical model and the test results. Motor tests were not only run at 250 

A, but were also run at a range of currents between 100 A to 450 A (see Figure 10). This allowed 

us to gain a quantitative understanding of how our motors run at differing power levels and how 

they ran last year. This information allowed us to choose an educated design point from which 

we developed a four motor Sprint drivetrain configuration that should be capable of 70% 

efficiency. If this efficiency is reached in the motors, we will easily meet our design goals. 

The drivetrain design also improved some of the disadvantages of the previous outboard 

motor configuration. The new design utilizes a rigid CNC machined plate to ensure proper shaft 

alignment between the motors. This design also improved the range of adjustability allowing for 

a greater range in gear ratios and easier belt tensioning. Along with these two performance 

improvements, the new design allows for belts to be changed without disconnecting the motors. 

Overall this design will provide more power while increasing the general functionality of the 

system. According to the power budget, the new system should be able to transfer 20.4 hp (15.2 

kW) to the propeller, which is a 36% increase in power from last year. 

 

Sprint Propeller. We calculated the theoretical torque and thrust of our Sprint propeller. 

The results are shown below in Table 8. 
Table 8. Theoretical performance data at P/D of 1.3 

Shaft Power (hp) Thrust (lb) Torque (ft-lb) 

14.4 138.2 16.8 

16.0 145.4 18.6 

17.6 152.1 20.4 

19.2 158.6 22.4 

20.8 164.7 24 

22.4 170.6 25.8 

As shown from Table 8, if we achieve an input power of approximately 22.4 hp (16.7 

kW) (70% motor efficiency) as expected, the propeller will be able to obtain 170 lb (756.2 N) of 

thrust and 25.8 ft-lb (35.0 N-m) of torque. This exceeds our thrust and torque goal stated in the 

objectives. Testing will verify if this is actually the case. 

 

Endurance Propeller. For the Solar Splash Endurance Event, the design speed is 8 mph 

(12.9 km/hr) and the propeller should be 86% efficient or more.  We used this design speed and 

the power budget to design our Endurance propeller.  Our theoretical calculation for efficiency 

gives us an efficiency of about 54%, which is not 86% efficiency.  Our slip testing results for 

older propellers seems promising that even though Gerr predicts a high slip and low efficiency, 

our propellers have a lower slip and higher efficiency.   

 

Hull  Team 
The predicted weight will be about 115 lb (511.5 N) for the new 300 ft

2
 (27.9 m

2
) Frisian 

hull which is about 0.436 lb/ft
2
 (20.9 Pa).  This produces a hull under the weight budget 

specification of 120 lb (533.8 N) for the Frisian Race which allows the drag to be kept low so 

that we meet our desired speed dictated by the power budget.  Also, since the Solar Splash hull is 

approximately 90 ft
2
 (8.36 m

2
), it would weigh approximately 40 lb (177.9 N) if it were made 

from this balsa/fiberglass composite, saving about 50 lb (222.4 N) of weight. 
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CONCLUSIONS AND RECOMMENDA TIONS 

Conclusions 
 Strengths. We have made several modifications this year as well as designed new 

components which should serve as strengths at competition and enable us to meet our goal of 

winning the 2010 Solar Splash.  Key improvements to this yearôs entry include: 

 We have a new PV array that is smaller and more efficient than last yearôs array. 

 We designed custom maximum power point trackers (MPPTs) and will implement 

multiple ones within the solar panel array. 

 We designed and built a submerged, in-line motor for the Endurance Event. 

 Our new hydrofoil for the Endurance Event will increase lift and decrease drag. 

 We have a new Sprint motor configuration to decrease I
2
R losses, thereby increasing the 

efficiency of last yearôs system.   

 We designed and machined highly efficient, custom propellers for both the Sprint and 

Endurance Events. 

 

Weaknesses. There are still a few weaknesses to our overall design which can be 

improved upon in future years.  The key weaknesses this year include: 

 The new Sprint motor configuration adds an additional 50-60 lb to our drivetrain. 

 We have not made changes to the hull to reduce its drag, such as modifying the design or 

constructing another one from lighter materials. 

 

Summary of Goal Completion.  

 We have received solar cells that are ~18% efficient, and we are currently building the 

panels.  We expect to meet our power output goal. 

 We completed a MPPT prototype and have tested the signals.  We will order the finalized 

circuit boards shortly, construct the peak power trackers, and then test the efficiency to 

see if we reach our goal of greater than 94% efficiency. 

 We have calculated the efficiency of the submerged Endurance motor to be ~87%, which 

meets our goal of at least 85% efficiency. 

 Our Sprint motor configuration has been designed to exceed our goal of 70% efficiency, 

but we have not physically tested our design yet.   

 For our Sprint propeller, we calculated the theoretical thrust to be 170.6 lb at 42 mph, 

which exceeds our goal of 120 lb.   

 We calculated the efficiency of the Endurance propeller to be ~54%, which does not meet 

our goal of 86% efficiency.  However, based upon previous yearôs results, we expect that 

our actual testing will produce a higher efficiency. 

 

Recommendations We have the following suggestions for future teams: 

 We should continue learning about motor design and optimize a motor solely for Solar 

Splash, rather than having one motor for both of our competitions. 

 We should consider making a new hull from lighter material, such as the balsa wood and 

fiberglass composite that we used this year for our Frisian Competition hull. 
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Appendix A: Battery Documentation 

Since 2004, we have used two Genesis 42EP batteries for the Endurance Competition.  

These batteries weigh 14.9 kg (32.9 lb) each giving us a total weight for the Endurance Event of 

39.8 kg (65.8 lb).  

We would like to keep open the option of using two Optima 25 batteries for the 

Endurance Event, so we included the data sheet and the MSDS. Its weight is 14.4 kg (31.7 lbs) 

and we would use 2 of them for the Endurance Event for a total weight of 28.8 kg (63.4 lb).  

Initial testing has shown us that these batteries have a higher amp-hour capacity than the Genesis 

42EPs, but at a lower voltage. 

For the Sprint Event we will use the Genesis 13EP batteries, each weighing 4.9 kg (10.8 

lb); we will  use 9 of these for the Sprint event for a total weight of 44.1 kg (97.2 lb). 

The specification and MSDS sheets for these various batteries are on the following pages. 
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