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EXECUTIVE SUMMARY 

The goal of Geneva’s 2014-2015 Solar Splash Team is to place in the top three at the upcoming 

competition.   To accomplish our goal this year’s team will improve sprinting capability and performance 

(20 knot hull speeds), while maintaining endurance capability and performance (38 laps).   

Our team consists of six mechanical engineering students, one electrical engineering student, and one 

mathematics student.  Each member of the team was tasked with improving different sub-systems of the 

boat in accordance with stated goals.  The steering unit, lower drive train, boat’s weight distribution, 

sprint and endurance propeller fabrication, power distribution, and data acquisition systems were assigned 

areas for improvement.  Two faculty advisors, one mechanical and one electrical engineer, oversaw the 

project and provided appropriate direction and consultation. 

For achieving the goal of 20 knot hull speeds, the hull was modified to employ planing hull 

characteristics.  Improvements to the sprinting performance will be obtained with the addition of step 

chines.  Implementing step chines will provide the vessel with planing hull characteristics.  An important 

factor to achieve planing hull speed is thrust.  Maximum thrust will be achieved by adjusting the prop 

design.  Our team is fabricating two propellers.  The first type of propeller is configured for qualifying, 

sprint, and slalom events.  The other propeller configuration is for the endurance event.  Each propeller 

configuration is matched with appropriate gearing to direct maximum power from the motor to the water.   

The drivetrain delivers power to propellers.  The operating speed of the motors have been matched with 

gearing to deliver the power to propellers.  The drive shaft has been aligned through the center of the 

main support bearings to reduce any loss in energy.   

A change in the lower drivetrain housing shape reduced the drag force by at least 40N at sprint speeds. 

The new housing reduces weight by 25 percent compared to the old housing. The housing is assembled 

entirely from the rear of the housing, eliminating the six retaining screws and allowing for a smooth 

transition from the propeller housing to the propeller hub. Manufacturing is nearing completion on the 

unit, which will then be tested.  

For the goal of improving upon prior team’s endurance performance, a major design improvement for 

implementation is an automated data acquisition system.  A data collection  system tracking the vessel’s 

power and consumption provides more efficient methods for racing during the endurance event.   

The system utilizes two Motenergy MEE-909 Brush Type permanent magnet DC motors. The motors are 

used in tandem in the sprint competition while only one motor is used during the endurance event. The 

motors are capable of sustaining up to 300A for 30 seconds and operate from 12-48V. Curtis 1205 motor 

controller allows for an increase in maximum system voltage up to 600 amps, now limited by the motors, 

instead of the motor controllers. The controllers allow for up to 800 amps of current. 

The Optima batteries underwent load testing to determine their viability for use testing and for the 

competition. Testing was completed using a 500 amp carbon pile load tester; the testing methodology can 

be found in Appendix F. The testing revealed that many of the batteries failed to maintain adequate 

voltage under load. The load tester only allowed for a 10 second test, but still provided valuable 

information on the state of the batteries. The testing revealed that none of the batteries were in a suitable 

state to be used a competition; all but two of the batteries fell below 9 volts at half the expected current 

and a quarter of the expected time they would have to carry the load. New CSB batteries allowed for a 

change between a 24 and 36 volt system during the competition. This option was an important design 

parameter, because it allowed for the use of the 24 volt system used in previous competition for the 

endurance race; saving on the cost of new peak power trackers and solar panel rearrangements. 

A prioritized budget aided decisions on purchases so that each area of necessary improvement would keep 

designs in relative balance.   
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I. Overall Project Objectives 

The Geneva College Solar Splash team has placed an emphasis on the performance of the hull 

during the sprint event.  To improve the team’s placement in the competition, by scoring higher 

in all events, the team has focused primarily on the speed characteristics of the design.  Results 

acquired from testing, as well as past team’s test results, made it clear that increasing the speed 

of the craft would not be possible without modifications to the current hull design.  Some of the 

proposed alterations to the craft included installing hydrofoils, trim tabs, or by fabricating step 

chines.  Any alterations to the current hull design were limited in order to keep the endurance 

capabilities of the design.  The endurance event is one of the few events past teams for Geneva 

have competed well in; 2
nd

 place for two consecutive years.  Modifications to the hull are to 

optimize the hull shape, increase the boat’s speed, while keeping the endurance capabilities of 

the hull unaffected.   

In addition to hull modifications, improvements in the sprint event required members of the team 

to design and manufacture propellers.  These specific propellers are designed for maximum 

efficiency and thrust for the vessel.  One of our project goals includes the design and 

manufacture of propellers for both endurance and sprint configurations of the boat.  Geneva 

College has a CNC mill which has the capability to machine a propeller.  Previous teams have 

had the ability to use the CNC but they were unable to manufacture the propellers.  The current 

team has designed and fabricated a sprint propeller.  Currently, our endurance propeller is being 

fabricated.  In a relatively short amount of time (and effort) propellers can be designed to 

whatever configuration the boat’s drivetrain and systems allow for the best possible product.  

The team has modified the battery power for the different competition events due to a rule 

change allowing a 36 V system, and 100 lbs of batteries for the Endurance event. By designing 

the batteries to have series/parallel connections the goals are to avoid purchasing peak power 

trackers, to have compatibility with the old system, and to draw more current. 

The team will fabricate additional solar cells/panels.  Through optimization of the energy 

collected and overall power efficiency of the energy transferred the boat our team will increase 

overall endurance performance.  A detailed analysis of the boat’s systems, to determine where 

the energy is lost, and how the efficiencies can be improved, has been conducted and is available 

within this report for review. 

In summary, the team’s goals are to improve the overall performance in the competition by 

making modifications to increase the sprint capabilities of the boat.  By placing high in the sprint 

and endurance events, our goal is to improve and win the competition. 

II. Solar System Design 

A. Current Design 

The current solar panels were constructed in 2012.  Six panels are used on the boat during 

endurance events.  The panels are protected by diodes as the current passes through two 

maximum power point trackers which regulate the load on the supplied voltage, which ultimately 

provides our team the ability to expend power efficiently during an event.  Solar Splash 

competition regulations allow the endurance configuration to be reconfigured from a 24 volt 

system to a 36 volt system. 
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B. Analysis of Design Concepts 

Additional cells/panels will benefit the endurance capability of our vessel; but at the time of this 

report our team is uncertain if the increase can be implemented in time for the competition. 

Considering the low cost of materials and added equipment it is a good investment even if our 

power is not increased.  After much research, a solar cell manufacturer and vendor are willing to 

supply our team the material at low cost.  Cells that match specifications, size, and most 

importantly the current capacity with the cells currently in use, will be added to the design.  The 

cells (in use) have an average output of 2.24 volts and an average current capacity of 4.151 amps. 

 Maximum Voltage Maximum Current Maximum Power 

Panel #1 17.1 V 4.252 A 73.9 W 

Panel #2 16.6 V 4.214 A 69.3 W 

Panel #3 16.7 V 4.226 A 71.3 W 

Panel #4 16.9 V 3.857 A 70.5 W 

Panel #5 17.0 V 4.195 A 73.0 W 

Panel #6 16.9 V 4.163 A 72.1 W 
Table 2.1 - Voltage, current, and power values for panels tested during competition. 

Dividing maximum power by 32 averages power of each cell within the specific panel. 

Calculating the average of the values produces an output of 2.24 watts per cell. 

UPV Solar from India agreed to provide our team solar cells. The cells requested are U5-150C-

01500, which have a power output of 2.23 volts, and a current capacity of 4.500 amps at 

maximum power (see Table E.1., located in Appendix E).  Additional cells/panels will be 

fabricated to match dimensions of existing panels (4 cells x 8 cells). In order to accommodate 

this new panel, the frame will be modified. The arrangement of panels will consist of three 

panels in parallel (see illustration below).   

 

Fig. 2.2 - Old (Current) Solar Cell Panel Configuration during Endurance Event 

 

Fig. 2.3 - New Solar Cell Panel Configuration during Endurance Event 

C. Design Testing and Evaluation 

Modification and implementation of the design will occur within the month leading up to 

competition.  Testing and evaluation of the design will take place as the team prepares and 

finalizes system configurations for the competition. 
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Controller Condition Voltage Amp Price Cutoff V Pot

Curtis 1204 Reman. 24/36 275 275 16 0-5k

Curtis 1204 New 24/36 275 450 16 0-5k

Curtis 1204M New 36/48 275 260 24 0-5k

Curtis 1205X Reman. 24/36 400 210 16 5k-0

Curtis 1205 Reman. 24/36 400 160 16 5k-0

Alltrax New 24-48 300 350 16 0-5k

Repair Repaired 24/36 275 200 16 0-5k

Fig. 3.1 - Motor Controller Comparison 

III. Electrical System 

A. Wiring Configurations 

No changes to the cables/wiring of the boat have been considered or implemented. The cables 

utilized in the electrical system are 00 gauge welding wire; with 0.261 Ω/km resistance and are 

rated up to 600 Amps. The dead man switch and potentiometer function properly. Labels for the 

wires and connections improve the process of installation.  Hardware connections, consisting of 

brass bolts and nuts, of identical sizes; these aid installation and removal of components. 

B. Data Acquisition System 

The 2012-2013 team designed and implemented a data acquisition system using an Arduino-

based operating system.  This system was damaged during a dynamometer test of the boat’s 

motors.  The motor tests were run with a 36 volt supply; three 12 volt batteries connected in 

series.  One of the functions of the data acquisition system is to monitor battery current and 

voltage.  The system was connected to the batteries through voltage dividers.  At the time of 

testing it was not known that the data acquisition system, used for calibrating the sensors, 

operated with a common ground.  The dividers, which were used during the test, reduced 12 

volts only to 5 volts, where dividers for the 36 volts were actually required.  High voltages 

caused irreversible damage to the operating system.  At the time of this report there have been no 

solutions implemented for the data acquisition failure. 

C. Motor Controllers 

1) Current Design: In past years, two Curtis 1204-001 24V/36V 275A motor controllers. 

Both are used during the sprint event while only one is used during endurance. One of the 1204 

controllers was determined to be defective. 

2) Analysis of Design: Multiple options were examined to solve the motor controller 

problem. The solutions included sending out the defective motor controller for repair, utilizing 

the backup motor controller (Alltrax AXE4855), and purchasing new motor controllers. The 

Alltrax AXE4855 was tested with the current set up; during testing the controller was damaged 

beyond repair. The possible solutions for the motor controllers were laid out comparing the 

specifications of each. The options 

were limited to available golf cart 

motor controllers by Curtis and 

Alltrax. The controllers were 

compared by laying out the 

condition, operating voltage, 

amperage limit, price, cutoff 

voltage, potentiometer setting, 

durability, and time it would take 

to receive it. Based on the matrix the best option was the Curtis 1205 24V/36V 400A motor 

controller. The loss of the backup motor controller during testing made it necessary to purchase 

two identical controllers. 
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Controller Condition Voltage Amp Price Cutoff V Pot Durability Time Total

Weight 6 8 7 10 9 6 7 6

Curtis 1204 9 9 6 6 10 10 9 4 465

Curtis 1204 10 9 6 3 10 10 9 8 465

Curtis 1204M 10 7 6 7 0 10 9 6 387

Curtis 1205X 9 9 8 8 10 9 9 8 517

Curtis 1205 9 9 8 10 10 9 9 8 537

Alltrax 10 10 7 5 10 10 5 7 466

Repair of Old 9 9 6 8 10 10 9 0 461

3) Design Testing 

and Evaluation: 

The Curtis 1205 

motor controller 

allows for an 

increase in 

maximum system 

voltage up to 600 

amps, now limited by the motors, instead of the motor controllers. The controllers allow for up to 

800 amps of current, allowing room for growth in the future; the full specifications of the 

controller can be found in Appendix J The new controllers were the lowest cost option, while 

still allowing a higher amperage and the familiarity of the Curtis controllers. The only drawback 

to this choice is the reversal of the throttle; this should not cause any major difficulties. The 

motor controllers were unable to be tested at the time of writing, but based off their similarities 

with the old controllers, it should allow for a simple transition. 

IV. Power Electronics System 

A. Batteries 

1) Current Design: The original power system utilized three Optima REDTOP batteries 

for both sprint and endurance, but these batteries are near the end of their usable life cycle. The 

battery system used was developed before the implementation of the “100 lb. of battery rule” and 

was originally intended to use on 2 batteries in endurance. This rule change caused the current 24 

volt system in endurance to be outdated. Another major issue was on the water testing revealed 

that some of the batteries were not functioning under load. The battery decision focused on 

determining the state of the existing Optima batteries and purchasing new batteries to update the 

system. 

2) Analysis of Design Concepts: The Optima batteries underwent load testing to 

determine their viability for use testing and for the competition. Testing was completed using a 

500 amp carbon pile load tester; the testing methodology can be 

found in Appendix F. The testing revealed that many of the 

batteries failed to maintain adequate voltage under load. The load 

tester only allowed for a 10 second test, but still provided valuable 

information on the state of the batteries. The testing reveal that 

none of the batteries were in a suitable state to be used a 

competition; all but two of the batteries fell below 9 volts at half 

the expected current and a quarter of the expected time they would 

have to carry the load. The batteries could still be used for testing, 

the batteries were selected based on the results show in Figure 4.1. 

 The testing revealed a need to purchase two new sets of 

batteries for use. The focus of the search was honed in on 12V 

batteries that could be used for a 36 volt sprint system, because any 

lower voltage would lead to a loss of possible power output. 

Additionally, a lead acid batteries energy is very closely related to 

Fig. 3.2 - Motor Descision Matrix 

Fig. 4.1 - Optima Load Testing 

Optima Current Voltage

Battery 1 227.3 6.69

Battery 2 311.0 9.55

Battery 3 263.1 8.25

Battery 4 307.5 9.00

Battery 5 269.3 8.29

Battery 6 112.1 4.10

Battery 7 235.8 8.93

Battery 8 192.0 7.19

Battery 9 99.7 3.90

Battery 10 112.8 4.77

Battery 11 275.6 8.67

Battery 12 249.1 7.57

Battery 13 173.8 6.21

Battery 14 264.7 8.93

Battery 15 33.8 0.00

After 10 seconds
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Test Time Energy 100 lbs. of Battery Source

Min Joules Joules

CSB12240 105 6.23E+05 1.25E+06 CSB Testing 2015

CSB12241 141 5.34E+05 1.07E+06 CSB Testing 2015

CSB12242 54 5.77E+05 1.15E+06 CSB Testing 2015

Optima 98 1.23E+06 1.23E+06 Geneva End. Testing 2014

Optima 90 1.12E+06 1.12E+06 Geneva End. Testing 2014

Optima 90 1.14E+06 1.14E+06 Geneva End. Testing 2014

Optima 90 1.15E+06 1.15E+06 Geneva End. Testing 2014

Optima 135 9.83E+05 9.83E+05 Geneva Sprint Testing 2014

Optima 150 1.12E+06 1.12E+06 Geneva Sprint Testing 2014

Optima 120 4.08E+05 2.04E+05 Endurance Comp Data 2013

EP 42 120 4.68E+06 1.56E+06 Cedarville Tech. Report 2014

Final Voltage Approximately 11 volts for Each Test

Fig. 4.3 Optima, CSB, Genesis End. Comparison 

Battery System V Weight of Set Set Cost 2 Hr Power

lb Dollars Watt

CSB EVH12240 24V/36V 99.84 320 576

Genesis G42EP 36V 98.7 750 630

Genesis G13EP 36V 97.2 1215 630

Optima REDTOP 36V 99.3 450 541

Fig. 4.4 - Optima, CSB, Genesis Overall Comparison 

the weight of the battery therefore emphasis was placed on selecting of batteries weighing as 

close to 100 lbs. as possible. This lead to examining batteries of weights of approximately 11, 16, 

and 33 lbs., which form sets of 9, 6, and 3 batteries respectively. 

The maximum current during competition is limited to 600 amp the motors. Amperages this high 

should be obtainable for the vast majority of lead acid batteries; meaning any choice should be 

adequate for the sprint competition. Therefore, emphasis 

was placed on the performance of the batteries energy 

potential in 2 hours to match the endurance competition 

time.  

Data for the batteries was compiled from manufacturers’ 

specifications and past testing for thirteen batteries. 

Utilizing the available information and Peukert’s law, a two 

hour constant current rate was determined for each battery, 

with a draw down to approximately 9.6 volts. Four possible 

batteries were selected based on the information in Figure 

4.2: CSB EVH12240, Optima REDTOP, Genesis G13EP, 

and G42EP. Fortunately, past Geneva teams completed 

extensive testing of the REDTOP batteries both in the lab 

and the Genesis batteries have been extensively tested by 

the other teams competing. Meaning only the CSB 

EVH12240 was unknown, the decision was made to 

purchase one of the batteries for testing. 

3) Design Testing and 

Evaluation: The CSB battery was tested 

using banks of 5Ω nominal resistors in 

parallel, the full procedure and results 

can be found in Appendix F.  

These testing results were combined with 

the results of past testing in Figure 4.3.  

The figure shows that the amount of 

energy pulled from the Optima and CSB 

batteries in two hours is extremely 

similar. Both the Optima and CSB batteries are well below that of the Genesis batteries. The 

final decision came down to a number of variables; some of which are listed in Figure 4.4. The 

cost of the Genesis batteries is far greater than the cost of both the CSB and Optima batteries; 

especially taking into account that two 

sets of batteries needed to be purchased. 

All four of the battery options weight 

neared the limit, but only the CSB battery 

allowed for a change between a 24 and 

36 volt system during the competition. 

This option was an important design 

parameter, because it allowed for the use 

of the 24 volt system used in previous competition for the endurance race; saving on the cost of 

Drawn Voltage Battery 2 hr Power

V Watts

9.9 BP 40-12 499.5

10.02 G42EP 649.5

9.6 BP 20-12 501.4

10.02 G16EP 490.1

9.6 HR22-12 554.4

9.6 EVH 12240 659.6

10 PSH 12180FR 544.8

9.6 PS-12400 498.7

9.6 PS-12200 501.9

9.6 GPL 12400 567.4

9.6 UB12500 627.4

9.6 UB12200 552.1

9.6 Optima 75/25 540.9

Battery Comparison

Fig. 4.2 - Hr Constant Power Comparison 
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Trial Current Voltage

Trail 1 292.8 8.72

Trial 2 283.4 8.41

Trial 3 280.9 8.16

Trial 4 262.8 8.59

CSB Battery - After 10 seconds

Fig. 4.5 - CSB Load Testing 

Fig. 4.5 - Endurance configuration 

Fig. 4.6 - Sprint Configuration 

new peak power trackers and solar panel rearrangements. All of the batteries preformed similarly 

in endurance testing. 

The concern with the CSB was whether the batteries would be capable of sustaining the high 

currents in sprint mode. The terminals on the CSB EVH12240 are threaded to receive an M5 bolt 

and therefore have a sustainably smaller surface area than that of an automotive terminal offered 

on many other batteries. A design engineer at CSB was contacted and confirmed to us that the 

batteries would be able to discharge at that rate. In 

order to verify this, the 500A carbon pile load tester 

was used to draw a high current from the CSB 

battery. The steel bolt provided by the manufacturer 

was replaced with a brass bolt to increase 

conductivity. The results in Figure 4.5 show that 

the CSB battery was capable of handling loads 

similar to the loads it will experience during the 

sprint event. 

Another concern with the CSB batteries was that they were to be wired in parallel and series, 

instead of simply in series. Any difference in voltage between the units could result in a 

discharge between the batteries, potentially resulting in damage to the unit. The use of a resister 

during the initial connecting of the batteries was discussed, but it was determined that the 

internal resistance of the battery prevent damage. Overall, the CSB EVH 12240 batteries were 

selected because of their cost, flexibility in system voltage, and high performance. One set of six 

batteries was purchased for on the water testing; with the plan to purchase another set pending 

the results of testing under actual conditions. 

B. Configuration 

 Past battery configuration designs utilized a system of 

36 volt for sprint and 24 volt for endurance, which 

were based on the competition rules that allowed 100 

lbs of batteries for Sprint and only 68 lbs of batteries 

for Endurance. Due to past rules the solar system was 

designed for a 24 volt system. In order to avoid 

purchasing new peak power trackers, and to have 

compatibility with the old system, it was decided that 

it was necessary to have a way to convert between 24 

volt and 36 volt. Copper bus bars were designed and 

bent to allow the batteries to be combine in different 

configurations of series and parallel. The wires will 

be connected and disconnected by hand to switch 

configurations from the sprint to endurance race. The 

endurance competition configuration utilizes only 

one of the motors and motor controllers, and can be 

configured into the 24 volt system shown in figure 4.5. 

The Sprint competition configuration utilizes both 

motors and motor controllers, and is configured into the 36 volt system shown in figure 4.6. 
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C. Energy Balance 

A major design goal was to 

maximize the power the system could 

supply to the water. In order to better utilize 

the available systems two power budgets 

were created, the full power budgets are 

located in Appendix G. These two budgets 

are used to estimate the amount of power in 

the system at certain points, as well as 

determine areas of the system where the 

biggest improvements could be made. 

These budgets allowed for a clear 

understanding of the amount of power 

available at the propeller; allowing for a 

more accurate design of the propeller. The efficiency of every component of the power system 

was recorded based on past testing and manufactures 

data; this was used to compare the relative amount of 

power lost in the system as in figure 4.8. The power 

budgets proved useful when examining the 

requirement of the motors, motor controllers, fuses, 

and the design conditions of the propeller; laying out 

the specification of the system to show where the 

current power was limited. The overall budget 

determined that 842 watts are available for the 

duration of the endurance race under a 1 sun 

condition and approximately 11,000 watts are 

available at the propeller during the sprint race. 

V. Hull Design 

A. Current Design 

The 2008-2009 team decided to build a custom cedar strip hybrid mono-hull design from 

proposed hull designs through a history of analysis of single displacement hulls which were 

performed by previous teams.  This design has consecutively been awarded 2
nd

 place in past 

Solar Splash endurance races. 

The goal for our team is to increase hull speed.  In order to place higher, in the sprint and slalom 

competition events, hull speed must be improved.  Higher speed is dependent on hull 

characteristics; specifically planing hull characteristics.  An important factor to achieve planing 

is thrust.  Adjusting motor power and prop design are ways to increase thrust; each of which 

have been discussed in further detail within their respective sections below.   

Our team recorded the fastest hull speed, considering past teams for Geneva.  On October 25th, 

2014 our team conducted a scheduled testing on the Beaver River.  Speeds above 17 mph, 

roughly 15 knots, were recorded from two of the test-runs that day.  After obtaining those results, 

Fig. 4.7 - Power available at each stage of system 

Fig. 4.8 - Comparison of power losses in endurance 
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the team decided a more aggressive gearing ratio would improve test results.  However, no 

speeds higher than 15 knots were recorded.  On November 15th, the team again conducted 

testing on the Beaver River.  A larger diameter propeller was utilized during the test.  The results 

from the testing obtained speeds less than 17 mph.  We modified the gearing and prop sizes 

because our calculations showed us we could increase thrust; however that did not happen as 

expected.   

The team discussed hull limitations as preventing increases in hull speed from being achieved.  

Limitations which reduce a vessel’s top speed due to hull characteristics.  According to Savitsky, 

“a particular type of hull form is mainly dependent upon its operational speed/length ratio 

(SLR).”  The equation for determining the SLR is as follows:  

𝑆𝐿𝑅 = 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑘𝑛𝑜𝑡𝑠) ÷ √𝑙𝑜𝑎𝑑 𝑤𝑎𝑡𝑒𝑟𝑙𝑖𝑛𝑒 𝑙𝑒𝑛𝑔𝑡ℎ (𝑓𝑒𝑒𝑡) 

Calculating the SLR for our vessel: 15 knots ÷ √16.5 ft = 𝟑. 𝟕 

Looking at Figure A.1., there is a 

similarity between Geneva’s hull 

design and the high speed 

displacement model of the figure.  

Whereas the figure of the high speed 

planing hull, in Figure A.2., is more 

common to hulls with planing 

characteristics.  According to the 

above ratio, a high SLR number 

above 3, for displacement hulls, 

creates greater resistance, thus 

making increases in speed more 

difficult to achieve.  The design of 

our hull, when looking at the two 

figures, could be modified to add more planing hull characteristics.  Our team discussed adding 

material to form a chine line or design spray rails.  Spray rails can reduce the effect of bow spray 

and enable sufficient dynamic lift for the vessel.  Savitsky states “the hard-chine planning hull is 

configured to develop positive dynamic bottom pressures at high speed.” Higher speeds can be 

obtained through the fabrication of a hard-chine, as Savitsky recommends the use of the hard-

chine planning hull for hulls operating above SLR values of 3.   

B. Analysis of Design Concepts 

This is the overall goal for our team: to design a vessel which performs efficiently in 

displacement (endurance race) and performs with higher speeds (sprint and slalom events).  One 

of those goals has yet to be accomplished.  Considering hull limitations had been reached, 

various options to alter the hull, in order to promote planing, and attain higher speeds, our team 

discussed the following options:   

 Fabricate hydrofoils with the hull.   

 Install trim tabs at the transom of the vessel, use them to “encourage” planing.   

 Construct a step chine along the aft sections of the hull. 

Fig. 5.1. – Savitsky’s high speed displacement hull geometry 

Fig. 5.2. – Savitsky’s high speed planing hull geometry 
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Fabricating hydrofoils as an option for increasing the speed of the vessel has merit when 

considering some of the past teams competing in Solar Splash have developed crafts with 

hydrofoils.  Cedarville is one team from the competition that has developed a vessel with 

hydrofoils.  They are consistently one of the top teams to compete within the events.  Hydrofoil 

fabrication is a challenging endeavor.  The hydrofoil must be constructed strong enough to 

withstand the dynamic stresses applied.  Also, the hydrofoil must be articulated in such a way as 

to vary the angle of attack, thus varying the lift.  Various systems were devised, however no 

plans were actually fabricated.  In general, the proposed design plan was to build a conventional 

hydrofoil configuration with the leading foil placed near the pilot of the craft.  The trailing foil 

would need to be placed at the driveshaft strut.  Altering the angle of attack would be a 

complicated and time intensive endeavor.  If given more time the hydrofoil design would be 

further investigated. 

Savitsky describes the implementation of transom mounted trim tabs and concludes that there is 

an overall reduction in acceleration by approximately 65%.  The team researched the cost of trim 

tabs (see Appendix H), and the cost for the equipment was roughly $800.  The cost of the 

equipment is more than the proposed hull modification.    

Construction of a step chine along the aft sections of the vessel involved the addition of material 

to the existing hull.  The team researched the cost of hull modifications to include the material 

involved with fabricating step chines.  The material compared for constructing the modification 

was between balsa wood and Corecell.  The balsa wood is roughly half the cost, however it is 

twice the weight of Corecell foam (see Appendix H).   

Measurements for the amount of material needed, for the step chine, were supported by the 

design modeled in Inventor (Appendix B details the physical properties of the design).  

Particularly, the volume difference between the proposed design step chine from the current 

model was calculated to be 1,738 cubic inches.   

Gurit Corecell-A is developed for marine sandwich structures, has high ductility and damage 

tolerance, can be heated to a pliable temperature (to form to a specific shape), is half the density 

of balsa, and would limit resin amounts.  Given the research, the better option for the hull 

modification would utilize Corecell foam.  Due to the density of WEST system epoxy resin and 

hardener, 73.63 lb./ft
3
, minimal application necessary is recommended.  For the modification, 

utilizing balsa would increase the amount of epoxy applied during construction; increasing the 

overall weight of the vessel compared to Corecell.   

The cost for the materials, as noted in Appendix H, Fig. 10, was a total of $475 through 

Jamestown Distributors. 

In order to analyze the hull modification, CFD analysis was performed using Autodesk 

Simulation CFD 2015. The hull was analyzed in the sprint and endurance configurations; 

comparing the hull both pre and post modification. The analysis performed examined the drag 

and lift forces exerted on the hull as it travels through the water at different speeds. A full report 

of this analysis’s findings is located in Appendix P. The analysis showed that the addition of 

chines had minimal effect on the drag force the hull experiences during endurance; matching the 

goal of not harming the endurance performance of the hull with the modification. The 

modification showed the added benefit of increasing the lift force during the endurance 

competition, which should serve to reduce the drag force by raising the hull further out of the 
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water. The sprint analysis showed the hull would experience up to a 50 percent increase in drag 

force at sprint speeds, but that this force is more than offset by a 100 percent increase in the 

amount of lift force. Based on the results of the CFD analysis the chine lines are preforming as 

hoped. 

C. Design Testing and Evaluation 

A design limitation for the hull modification was to construct the step chine so that it would not 

interfere with the endurance characteristics of the past hull.  In testing, the modified hull did not 

appear to be interfering with the 

endurance waterline when tested on 

the Beaver River. The following 

figure illustrates how, according to 

initial design intentions, that once 

the boat is prepared for endurance 

there should be limited interference 

between the step chines and the 

surface of the water. 

 At the time of writing this report, 

more testing is needed in order to 

confirm that the step chine will not 

interfere, create drag on the surface 

of the water, when testing the 

endurance capabilities of the newer 

vessel. Currently the testing for the 

improvement in planing characteristics and speed are ongoing before endurance testing will be 

conducted. A recent malfunction with a motor controller has limited the team’s ability to test the 

full capability of the modified hull design. 

  

Fig. 5.3 – Picture of the step chine not interacting with the water and the 

theoretical model 
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VI. Drive Train and Steering 

A. Motor 

The motor system was not changed. The system utilizes two Motenergy MEE-909 Brush Type 

permanent magnet DC motors. The motors are used in tandem in the sprint competition while 

only one motor is used during the endurance event. The motors are capable of sustaining up to 

300A for 30 seconds and operate from 12-48V. The motors weight 24.1 lbs. each and are 

mounted to a motor plate inside the vessel. 

The manufacturer’s motor curves were verified with dynamometer testing. Graphs showing this 

agreement can be seen in Appendix J. These graphs clearly show that the trend of the motor’s 

power as tested follows a similar path to that of the manufacturer’s specifications. 

B. Gearing & Chains 

Gear selection for the drive train is based on the desired boat speed, the angular velocity of the 

input shaft from the motor, and the angular velocity required of the propeller to achieve the 

desired speed. The desired speed of the boat for Sprint is 22 Knots, or 25 mph. The angular 

velocity of the input shaft from the motor is 2155 rpm based on the ME909 motor curve data. 

The angular velocity required of the propeller is 2500 rpm based on the nominal propeller 

selected using Crouch’s Method. Calculations for the angular velocities and torque output are 

show in figure I.3 on appendix I. 

The gear ratio is calculated by diving the angular 

velocity required of the propeller by the angular 

velocity of the input shaft from the motor. The 

theoretical desired gear ratio is determined to be 

1.16:1. The available drive shaft teeth numbers are 

12, 18, and 20, and the available motor shaft teeth 

numbers are 18, 21, 22, and 24 shown in Appendix 

I1. In order to achieve the calculated gear ratio the 

selected gears were 18-teeth on the drive shaft, and 

22-teeth on the motor’s input shaft shown in Figure 

6.1. Based on previous reports the 1.22:1 ratio was 

chosen, because it was evident there was a lack of 

overdrive with the 1.16:1 ratio. During the Sprint 

testing in the Fall of 2014 the new gearing was 

used, and a max speed of 17.4 mph was reached. 

The chains used for Sprint testing are size 40, and the dimensions of the chain are shown in 

Appendix I4. New chains needed to be cut based on the change in the drive shaft and motor input 

gear sizes, because the new gears have larger outside diameters compared to the previous setup 

shown in figure I.2. Two chains with 23 links were cut and fastened together with spring clips 

which are shown in figure I.6. 

C. Driveshaft 

The driveshaft of the Solar Splash vessel drivetrain was fabricated from nitride coated 

1045 steel bar stock.  The 1045 steel has a yield strength of 45,000 psi.
[13]

  The driveshaft is half 

an inch in diameter.  The driveshaft is connected to two collars (Gear collars) at the top end by a 

Fig. 6.1 – Gear and chain orientation 
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Fig. 6.2 - Solid model of one piece semi-

spherical housing 

Fig. 6.4 - Solid model of one piece 

elliptical bearing housing 

key way and retaining nut.  The driveshaft is supported in three places.  The first two locations 

are roller bearings located inside the gear/motor housing mounting plate.  The last support is the 

driveshaft strut attached to the underside of the hull.  The driveshaft is connected with the 

constant velocity joint at the lower end.  A clearance hole at the lower end is the connection for 

the constant velocity joint by a pin.  

The driveshaft strut was designed in 2013, and is fabricated from 1061-T6 aluminum.  Our team 

noticed that the strut was initially installed off-center.  The driveshaft was not aligned through 

the center of the aluminum motor mount two main bearings. The driveshaft strut was centered to 

the axis, through the two main bearings, after relocating the structure.  The driveshaft now freely 

aligns with the two main bearings in the motor mount.  Installation and removal of the driveshaft 

is noticeably smooth. 

E. Bearing Housing 

1) Current Design: The past propeller shaft housing consisted of a hollow steel cylinder 

housing bearings. The past housing produced unnecessary drag; the roller bearing sat flush in the 

front of the housing, with no rounding of the surface. Another issue was the retaining plate; its 

screws interfered with the transition from the housing to the propeller hub. The steel design 

added significant weight to the steering unit. 

2) Analysis of Design Concepts: Multiple new 

design options were developed. Three final options were 

further investigated. The designs included a two piece 

elliptical housing, a one 

piece elliptical housing, 

and a cylindrical 

housing with a semi-

sphere front end. The 

two piece housing was 

quickly eliminated, 

because it create more complexity in machining and 

assembly. The two one piece bearing housings were similar 

in all aspects except for fluid flow. Both of the remaining 

housing options were compared using Autodesk Simulation 

CFD in order to calculate the drag force on the bearing housing at different boat velocities; 

graphical results are included in Figure 6.5. The methodology and verification of computer 

model are located in Appendix L. The results show that all three of 

the housing produced similar resistances at slow speeds; the 

differences 

in drag force 

were more 

substantial at 

higher 

speeds. The 

analysis 

illustrates 

Fig. 6.3 - Solid model of new bearing housing to 

reduce drag and reduce the overall weight of the 

drivetrain  

Fig. 6.5-CFD analysis of possible bearing housings  



16 | P a g e  

 

Fig. 6.6 - Solid model of one 

piece elliptical bearing housing 

that the elliptical housing is the lowest drag option and therefore was the 

chosen design. 

3) Design Testing and Evaluation:  

Analysis of the new design options verses the old design shows that the 

change in housing shape reduced the drag force by at least 40N at sprint 

speeds. The new housing reduces weight by 25 percent compared to the old 

housing. The housing is assembled entirely from the rear of the housing, 

eliminating the six retaining screws and allowing for a smooth transition 

from the propeller housing to the propeller hub. Manufacturing is nearing completion on the unit, 

which will then be tested. The full design specification for the new housing and propeller shaft 

are located in Appendix L. 

F. Propellers 

 1) Current Design: Previously, attempts have been made to design optimized propellers 

for use in the competition. Past teams had created a successful endurance propeller, but it was 

broken during on the water testing last year; leaving the current team with no manufactured 

propellers. All previous sprint propellers had been purchased prefabricated and were not 

successful in drawing the expected power from the system. The propellers had been selected to 

draw 550 amps from the system but only managed to draw 350 amps during testing. All of the 

current propeller owned by the team were cataloged and examined; it was determined that none 

of the current propellers would suffice for the endurance competition and only two of the 

propellers would function properly in the sprint, neither of which would be optimal, the sprint 

propeller currently used in the sprint configuration of the system is a 10 x 14 (10 inch diameter 

by 14 inch pitch) propeller. Therefore propellers were designed that match the ideal criteria: an 

endurance propeller with high efficiency and to a sprint propeller capable of reaching the 

maximum power from the system. 

2) Analysis of Design Concepts: Since optimal propeller design is based on hull thrust, 

speed through the water, diameter, rpm, and number of blades, the first step was determining the 

power available from the batteries and solar panels during the race. This was determined through 

battery testing and the endurance and sprint power budgets (App. G) as discussed in the Power 

Systems area of the report. The next step was to determine the amount of drag expected at 

different speeds of travel, as the drag force will be equivalent to the thrust force generated by the 

propeller. The goal of the hull modification this year was to permit the hull to reach plane while 

additionally allowing the endurance race to occur in full displacement mode. Based on past on 

the water testing, previous Michelet results, and an updated model of the craft in the DELFTship 

program; the results from these different methods were combine to create a full displacement 

speed versus drag graph. These programs would not be suitable for the sprint mode, because of 

the goal of transitioning to planing. In order to properly estimate the boat in planing position 

Crouch’s Planing Speed Formula,
[5]

 thrust estimation from the testing in semi-displacement load, 

and Savitsky Planing Hull Analysis were used. Past teams had been using the assumption that the 

motor was acting under the 36 nominal volts drawn from the battery during competition; in 

reality the system’s voltage falls under load; meaning the motor is acting under 27-30 volts 

during the sprint competition, because of this decrease in voltage a custom motor curve was 

created at 30 volts using given manufactures data as well as verification results from 

dynamometer testing of the motors which is shown in Figure 6.7. Based on advice from Gerr’s 
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The legend entries that are just points are the results of 

dynamometer testing (Power is in Watts) 

Watts and RPM based on scale of  6000=6000 

Voltage based on Scale of 6000=60 

Amps based on scale of 6000=300 

Eff based on scale 6000=1 

Fig. 6.7 – Customized 30 Volt motor curve 

Handbook
[5]

 it was 

determined that the 

tip of the propeller 

should be no closer 

than 4 inches to the 

surface of the 

water. This limited 

the maximum 

diameter of both 

propellers to 14 

inches. 

A rough propeller 

design was created 

using the methods 

of Gerr’s Handbook; these methods specified 

certain pitches and diameters for possible 

propellers but failed to take into account foil 

shape and were limited in the ability to 

optimize them. It was determined that the best 

method would be to utilize the OpenProp and 

JavaProp software. Past teams have had success utilizing the JavaProp software in the endurance 

competition. Multiple designs of each propeller were created utilizing JavaProp. By varying the 

diameter, rpm, thrust and velocity point; with the goal of hitting the power limit defined in the 

power budget, maximum efficiency, large enough area to avoid cavitation, and good 

performance at off design conditions. The JavaProp software proved sufficient to design an 

endurance propeller. 

The sprint propeller design proved to be more complex. The JavaProp outputs for the sprint 

propeller generated a propeller with insufficient area to prevent cavitation due ot allowable balde 

loading. This cavitation would prevent planing. Attempts to change the blade shape using 

JavaProp to increase the area greatly reduced the efficiency and changed the expected power 

drawn. These issues led to OpenProp being utilized, since it allowed for easier manipulation of 

the area of the propeller blade. There were issues with the OpenProp model as well, the 

geometric output from OpenProp appeared much more simplistic and rounded than that 

generated by JavaProp; additionally, with two identically sized propellers OpenProp suggested 

that the propeller would draw approximately ten percent less power than that offered in 

JavaProp. Finally, the macro provided for the importation of the OpenProp model into 

Solidworks, did not function as expected due to differences in the older versions of SolidWorks 

verses the current. These led to taking the geometric text file generated in OpenProp and 

importing it into JavaProp; this allowed for the updating of foil shapes as well as further analysis 

of the propeller at the design conditions. 

3) Design Testing and Evaluation: The final design geometry for each propeller was 

exported using the geometry tab in JavaProp. This file was then opened in AutoCAD and a 3-D 

model was created by tracing the given foil shapes at each station and then those stations lofted 

to create a solid. 
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A prototype machining was completed prior to the designing of the propellers as the team 

created a procedure for using the CNC mill to machine the propellers for the competition. The 

team used Autodesk Inventor’s CAM software, Inventor HSM, to generate the g-code for use 

with the 3-axis CNC mill. To avoid any deformation from the milling forces on the thin propeller 

blades supports were added to the solid model and machined into the stock so that the part could 

be flipped and still maintain structural integrity through the machining process. This prototype 

allowed for an efficient and effective process for the machining of a sprint propeller. 

Aluminum 6061 grade stock was chosen as the material for both of the propellers because of its 

machinability as well as its strength. Due to restrictions in the size of the mill table, the three-

bladed sprint propeller design had to be divided into three sections so each blade could be 

machined individually and the entire propeller could be assembled after the milling process. This 

process is detailed in appendix M. The size of the mill table does not restrict the ability to 

machine the endurance propeller because of the two blade design. The milling of the endurance 

propeller is to be completed within the next month before competition and with ample time to 

conduct significant endurance testing.  

G. Steering 

1) Current Design: The 2013-2014 team designed and fabricated a steering device which 

they located at the stern of the boat.  After the installation of the device the steering swivel failed 

during testing.  During a test run of the boat on the Beaver River, an incident occurred with the 

propeller kicking back up into the steering strut, hitting the strut with enough force to sheer one 

of the propeller blades from the main hub.  Damage to the propeller, steering strut, steering pivot 

rod, drive shaft, and drive shaft strut occurred from the incident.   

2) Analysis of Design Concepts: The team developed solutions to each of the affected 

steering sub-systems.  The original steering swivel was made from aluminum.  The material, 

fabricated to the designed size, could not handle the loads it was subject to which added to the 

overall system failure.  A robust new pivot rod was fabricated out of steel and the diameter was 

slightly increased from 1/2 inch to 5/8 inch.  Add. The 2013-2014 

team was unable to implement all of the design solutions before 

competition.  Thus the team left the improvements to be 

implemented by the following team.  In order to prepare the boat 

for testing last fall, the 2014-2015 team focused on implementing 

all necessary corrective actions. 

3) Design Testing and Evaluation: To solve the problem 

of the propeller kicking up, an aluminum tab was welded to the 

steering strut; just above where the lower unit is attached.  This 

new piece restricts the vertical motion of the lower drive unit, 

stopping upward motion before the propeller can come into 

contact with the steering strut. 

  

Fig. 6.4 – Implementation of the tab 

welded to the steering strut 
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VII. Project Management 

A. Team Members and Leadership Roles 

There are currently five mechanical engineering students who make up the Geneva College Solar 

Splash team. There were also two other engineering students who participated this year as 

members of the design team. This competition serves as the capstone project for these engineers 

in their Senior Design Project (EGR 481 and 482) to be accomplished starting two semester 

before graduation. 

The work that was done on the project was divided up between the individual group members. 

Each of the five primary team members for this year had a section that was their responsibility. 

 Hull Modification 

 Batteries  

 Solar Array 

 Propeller Manufacturing 

 Propeller Design 

Weekly meetings ensured progress and helped individuals receive assistance with issues. Most 

work was done collaboratively depending on the volume of the work to be done but individuals 

were responsible leading the efforts in their areas.  

The team was advised by two faculty members: a mechanical engineering professor and the 

engineering technician. The guidance and assistance of these two individuals aided in the design 

process as well as technical skills required in the fabrication and manufacturing involved in the 

project. 

B. Project Planning and Schedule  

The team was organized in September and responsibilities were assigned based on the project bid 

that was placed by each team member for selection into the senior design team. A gantt chart was 

created for the spring semester to detail the timeline of work to be accomplished leading up to 

the competition. Deadlines were made for individuals’ work as to maintain steady progress on 

overall systems throughout the semester. Difficulties and set backs on larger aspects of the 

project have caused the need for the most significant testing and evaluation of the designs 

implemented to occur after this report was submitted and before the competition. 

C. Financial and Fundraising   

In working with the Institutional Advancement Office a fundraising thank-you letter was drafted 

and sent to engineering alumni and previous benefactors in order to express the gratitude and 

solicit support.  The letter informed the receiver about the competition, the opportunity provided 

through it to help the team put their education to practice, and the chance for professional 

development and experience.  Alumni and benefactors were thanked and welcomed to join the 

team by investing in the team’s future. 

A prioritized budget aided decisions on purchases so that each area of necessary improvement 

would keep designs in relative balance.  Apart from fixed costs (entry fee and travel expenses), 

batteries and hull redesign were given the highest priority.  This decision was based on the 

inefficiency of the endurance and sprint batteries as well as hull limitations. 
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D. Team Continuity and Sustainability 

A weekly report template was utilized through both semesters for consistent, structured 

communication between all project areas.  The weekly meetings lasted roughly from one hour to 

one and a half hours. Team members communicated when they would be available to each other 

for consultation and collaboration on the project. 

E. Discussion and Self-Evaluation 

The approach taken to divide the responsibilities of the project and work collaboratively on those 

aspects was effective for the majority of the work accomplished. However, this led to an 

imbalance in the work load for the individuals in the project that allowed difficulties to delay the 

completion of certain systems that did not allow for the self-installed deadlines to be met. Better 

care could have been taken to assure that the proper number of individuals and effort was put 

into the aspects of the project that required the extra work.  

VIII. Conclusions and Recommendations 

The following addresses project strengths and weaknesses for the past year 

A. Strengths 

 Increased planing characteristics of the hull by increasing the surface area in the rear of 

the boat as well as adding a hard chine line. 

 Manufactured optimized propellers using calculated values and CNC machining. 

 Created an energy budget to gauge the power losses in the system 

 Increased the solar array to improve charging capacity. 

B. Weaknesses 

 Inability to test new modifications fully to evaluate performance because of 

malfunctioning equipment. 

 Lack of foresight in work to be done before testing can occur led to delays in testing. 

C. Did we meet our overall and sub-system objectives? 

 Hull modifications are complete. 

 Sprint propeller has been successfully machined and assembled. 

 New batteries have been purchased for use in the endurance event. 

 Solar cells have been ordered to assemble a new solar panel 

In general, objectives have been met but still require testing and evaluation under competition 

conditions as well as final fabrication and implementation. 

D. Where we go from here? 

Significant testing is required for the completed projects. Main areas of focus between the time 

of submitting this report and competition will be the solar array and configuring the boat for the 

endurance event. 
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E. Recommendations 

 Future teams should carefully document all tests and modifications made, including 

wiring diagrams for test setups for equipment such as the dynamometer and battery 

testers. 

 Set realistic goals and deadlines and stick to them as closely as possible. 

 Delegate jobs and projects to team members based on skill, workload, and available time. 

 Enlist the help of other seniors and underclassmen who are not assigned to the project as 

their senior design capstone. They can help in administrative and marketing roles as well 

as technical roles. 
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Appendix A: Battery Documentation 

Competition Batteries- (12 12-volt batteries) 
CSB EVH 12240 12V 24Ah 
Specifications and MSDS attached – nominal weight of 16.64 lbs. 
 
Back-up Competition Batteries- (3 12-volt batteries)* 
Optima REDTOP 75/25 12V 44Ah 
Specifications and MSDS attached – nominal weight of 31.4 lbs. 
 
Auxiliary Battery – (1 12-volt battery)  
CSB GP 1272 F2 12V 7.2Ah 
Specifications and MSDS attached – nominal weight of 5.5 lb. 

 

DAS Battery- (1 9.6-volt battery) 

TENERGY 9.6-volt 2000mAh Nickel-Metal Hydride Battery 

Specifications and MSDS attached – nominal weight of 8.5 ounces. 

 

*It is expected that 12 EVH 12240 batteries will be used for competition pending the results of 

on the water testing. If an issue with the EVH 12240 batteries is discovered during testing at least 

one set the Optima REDTOP batteries will be used, because of this the MSDS and specifications 

for the Optima REDTOP are included. 
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Fig. A.1 CSB Seal Lead Acid Battery Data Sheet (1 of 4) 
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Fig. A.1 Cont. CSB Seal Lead Acid Battery Data Sheet (2 of 4) 

 



27 | P a g e  

 

 
Fig. A.1 Cont. CSB Seal Lead Acid Battery Data Sheet (3 of 4) 
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Fig. A.1   Cont. CSB Seal Lead Acid Battery Data Sheet (4 of 4)  
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Fig. A.2 MSDS for All Optima Batteries (1 of 5) 
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Fig. A.2 Cont. MSDS for All Optima Batteries (2 of 5) 
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Fig. A.2 Cont. MSDS for All Optima Batteries (3 of 5) 
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Fig. A.2 Cont. MSDS for All Optima Batteries (4 of 5) 

 

 
Fig. A.2 Cont. MSDS for All Optima Batteries (5 of 5) 
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Fig. A.3 Tenergy Nickel Metal Hydride Battery MSDS (1 of 4) 
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Fig. A.3 Cont. Tenergy Nickel Metal Hydride Battery MSDS (2 of 4)  
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Fig. A.3 Cont. Tenergy Nickel Metal Hydride Battery MSDS (3 of 4)  
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 Fig. A.3 Cont. Tenergy Nickel Metal Hydride Battery MSDS (4 of 4) 

 



38 | P a g e  

 

 
Fig. A.4 CSB EVH 12240 Specification Sheet (1 of 2) 
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Fig. A.4 Cont. CSB EVH 12240 Specification Sheet (2 of 2) 
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Fig. A.5 CSB GP 1272 12V 7.2Ah Specification Sheet (1 of 2) 
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Fig. A.5 Cont. CSB GP 1272 12V 7.2Ah Specification Sheet (1 of 2) 
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Fig. A.6 Optima REDTOP 75/25 Specification Sheet (1 of 2) 
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Fig. A.6 Cont. Optima REDTOP 75/25 Specification Sheet (2 of 2) 
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Fig A.7 Tenergy 9.6V Battery Data Sheet (1 of 2) 
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Fig. A.7 Cont. Tenergy 9.6V Battery Data Sheet (2 of 2) 
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Appendix B: Flotation Calculations 

Solar Splash 2015 Rule 7.14.2 Buoyancy of Craft - Sufficient flotation must be provided on 

board so that the craft cannot sink, even when filled with water. A 20% safety factor must be 

included in the calculations. Verification calculations must be included in the Technical Report. 

Failure to do so will result in a 5-point penalty. Revised calculations must be presented at 

Inspection if significant changes have been made since submission of the Technical Report. 

Per the stated rule, our team has performed the following calculations, submitted below for 

official review. 

 

 
 

The buoyancy calculation for the batteries is given by either of the following calculations: 

Buoyant Force on the Batteries: 31 lbs. 

Utilizing six (6) of the CSB EVH 12240, each battery weighs 16.64 lbs. and has a 

nominal volume of 0.083 ft
3
 (see Fig. A.1. in Appendix A – Battery Documentation).  

The following calculation for the buoyancy force on the batteries is given by: 

0.5 𝑓𝑡3 × 62.4 
𝑙𝑏.

𝑓𝑡3
= 31.2 𝑙𝑏𝑠. 

Buoyant Force on the Batteries: 52.6 lbs. 

Utilizing three (3) of the Optima Red Top Model 75/35, each battery weighs 33.1 lbs. and 

has a nominal volume of 0.28 ft
3
 (see Fig. A.1. in Appendix A – Battery Documentation).  

The following calculation for the buoyancy force on the batteries is given by 

Density water (lbf/ft 3̂) = 62.4

Density styrofoam (lbf/ft 3̂) = 56.56

Sprint Mode
Components Weight (lb) Volume (ft^3) Buoyant Force

Batteries 100 0.500 31.20

Gears & Chain 5 0.010 0.62

Gear/Motor Mounting Plate 10 0.070 4.37

auxilliary battery 5 0.035 2.18

boat hull 98 3.15 196.56

ME909 motor (x2) 48 1.11 69.26

Curtis Motor Controller (x2) 12 0.063 3.93

Drive System 6 0.012 0.76

Steering System 12 0.04 2.50

Total 296 4.99 311.4

Total + 20% Safety Factor 355.2

0.8 cubic feet

Endurance Mode
Components Weight (lbf) Volume (ft^3) Buoyant Force

solar panels 66 0.835 52.104

 PPTs 10 0.053 3.3072

Total 372 5.878 366.8

Total + 20% Safety Factor 446.4

1.4 cubic feet

Amount of flotation needed =

Amount of flotation needed =
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0.8 𝑓𝑡3 × 62.4 
𝑙𝑏.

𝑓𝑡3
= 52.6 𝑙𝑏𝑠. 

The following calculation for the buoyancy force on the hull is given through the next series of 

calculations.  In summation, the Buoyant Force on the Hull: 196.6 lbs. 

3.15 𝑓𝑡3  × 62.4 
𝑙𝑏.

𝑓𝑡3
= 196.56 𝑙𝑏𝑠. 

 

Physical Properties for Inventor boat - solid 

model 
General Properties: 

 Material: {Water} 

 Density:  0.998 g/cm^3 

 Mass:  2346.815 lbmass (Relative Error = 0.000000%) 

 Area:  14952.495 in^2 (Relative Error = 0.000004%) 

 Volume:  65070.225 in^3 (Relative Error = 0.000000%) 

Center of Gravity: 

 X:  -0.000 in (Relative Error = 0.000000%) 

 Y:  39.133 in (Relative Error = 0.000000%) 

 Z:  -115.722 in (Relative Error = 0.000000%) 

 
Calculating for the Cedar material surface area:  Cedar Surface Area = 69.2 ft

2
 

Area from the Inventor Model:  14952.495 in
2 
 

Approximate Area for Calculation:  14,953 in
2
 

Top Surface Area Calculated from Inventor Model:  5,046.797 in
2
 

Approximate Area for Calculation:  5,047 in
2
 

 

14,953 𝑖𝑛2 − 5,047 𝑖𝑛2(𝑛𝑒𝑔𝑙𝑒𝑐𝑡 𝑡𝑜𝑝 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙) = 9,906 𝑖𝑛2 

9,906 𝑖𝑛2 ×
1 𝑓𝑡2

144 𝑖𝑛2
= 68.8 𝑓𝑡2 

 Adding the thickness of cedar, measured at 0.25 in. 

 Boat length measured 17.5 ft. 

68.8 𝑓𝑡2 + (0.25 𝑖𝑛.  ×
1 𝑓𝑡

12 𝑖𝑛.
× 17.5 𝑓𝑡) = 69.2 𝑓𝑡2 

Calculating for the Cedar material volume of the Hull: Volume of Cedar = 1.43 ft
3
 

Measured thickness of cedar:  0.25 in 

9,906 𝑖𝑛2 × 0.25 𝑖𝑛 = 2,476.5 𝑖𝑛3 ×
1 𝑓𝑡3

1728 𝑖𝑛3
= 1.43  𝑓𝑡3 

 

Calculating for the Weight of the Cedar material:  Weight of the Cedar = 33 lbs. 

 Density of Cedar: 23 lb./ft
3
 *value given through Reference [10] 

1.43 𝑓𝑡3 × 23 
𝑙𝑏.

𝑓𝑡3
= 32.9 𝑙𝑏𝑠. 

Calculating for the Epoxy material Volume:   Volume Epoxy = 0.72 ft
3
 

 Approximate thickness of epoxy coat:  0.125 in 

9,906 𝑖𝑛2 × 0.125 = 1238.25 𝑖𝑛3 

   1238.25 𝑖𝑛3 ×
1 𝑓𝑡3

1728 𝑖𝑛3 = 0.72 𝑓𝑡3 

 

Calculating for the Weight of the Epoxy material:  Weight of the Epoxy = 53 lbs.  

Density of Epoxy = 73.63 lb./ft
3
  ***value given through Reference [11] 
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0.72 𝑓𝑡3  × 73.63 
𝑙𝑏.

𝑓𝑡3
 = 53 𝑙𝑏𝑠. 

Hull Weight before modification: 86 lbs. 

      

       

Physical Properties for Inventor boat mod - 

solid model 
General Properties: 

 Material: {Water} 

 Density:  0.998 g/cm^3 

 Mass:  2409.495 lbmass (Relative Error = 0.538063%) 

 Area:  15333.782 in^2 (Relative Error = 0.453298%) 

 Volume:  66808.170 in^3 (Relative Error = 0.538063%) 

Center of Gravity: 

 X:  -0.000 in (Relative Error = 0.538063%) 

 Y:  39.097 in (Relative Error = 0.538063%) 

 Z:  -116.860 in (Relative Error = 0.538063%) 

 
Calculating for the Hull Modification Volume:   Volume of the Modification = 1 ft

3
 

Volume from the (Displacement Hull) Inventor Model:  65070.225 in
3 
 

Approximate Volume for Calculation:  65,070.23 in
3
 

Volume from the (Modified Hull) Inventor Model:  66808.170 in
3 
 

Approximate Volume for Calculation:  66808.2 in
3
 

 

66,808.2 𝑖𝑛3 − 65,070.23 𝑖𝑛3 = 1,737.97 𝑖𝑛3 
 

Calculating for the Composite material of the modification: 

Calculating for the Cedar material volume:  Volume of Cedar = 0.22 ft
3
  

Measurements taken from the modification: Volume of Cedar = 380 in
3
 

380 𝑖𝑛3 ×
1 𝑓𝑡3

1728 𝑖𝑛3
= 0.22 𝑓𝑡3 

   Composite material remaining volume: Volume = 0.78 ft
3
 

 

Calculating for the Weight of the Cedar material: Weight of the Cedar = 5.1 lbs. 

  Density of Cedar = 23 lb./ft
3
 *value given through Reference [10] 

0.22 𝑓𝑡3 × 23 
𝑙𝑏.

𝑓𝑡3
= 5.06 𝑙𝑏𝑠. 

  

Calculating for the Corecell material volume:  Volume of Corecell = 0.75 ft
3
 

Measurements taken during modification:  Volume Corecell = 0.75 ft
3
 

Calculating for the Weight of the Corecell material: Weight of the Corecell = 4.3 lbs. 

Density of Corecell = 5.7 lb./ft
3
 **value given through Reference [9] 

0.75 𝑓𝑡3 × 5.7
𝑙𝑏.

𝑓𝑡3
= 4.275 𝑙𝑏𝑠 

Calculating for the Epoxy material Volume:   Volume Epoxy = 0.03 ft
3
 

Hull Modification Volume minus the volume of cedar and Corecell: 

1 𝑓𝑡3 − 0.22 𝑓𝑡3 − 0.75 𝑓𝑡3 = 0.03 𝑓𝑡3 
Calculating for the Weight of the Epoxy material:  Weight of the Epoxy = 2.21 lbs.  

Density of Epoxy = 73.63 lb./ft
3
 ***value given through Reference [11] 
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0.03 𝑓𝑡3  × 73.63 
𝑙𝑏.

𝑓𝑡3
 = 2.2089 𝑙𝑏𝑠. 

Calculating for the Hull Modification Weight:   Hull Modification Weight = 11.6 lbs. 

5.1 𝑙𝑏𝑠. +4.275 𝑙𝑏𝑠. +2.21 𝑙𝑏𝑠. = 11.59 𝑙𝑏𝑠. 
    

Hull Weight after modification:  97.6 lbs. 

 

Calculating for the Volume of Hull:     Volume of Hull = 3.15 ft
3
 

1.43 𝑓𝑡3 + 0.72 𝑓𝑡3 +  1 𝑓𝑡3 = 3.15 𝑓𝑡3 

 

Physical Properties for Gear Plate 
General Properties: 

 Material: {Aluminum 6061, Welded} 

 Density:  2.710 g/cm^3 

 Mass:  9.990 lbmass (Relative Error = 0.315481%) 

 Area:  825.504 in^2 (Relative Error = 0.000056%) 

 Volume:  102.041 in^3 (Relative Error = 0.315481%) 

Physical Properties for 18 Teeth Gear (x2) 
General Properties: 

 Material: {Steel, High Strength Low Alloy} 

 Density:  7.840 g/cm^3 

 Mass:  1.052 lbmass (Relative Error = 0.486784%) 

 Area:  23.332 in^2 (Relative Error = 0.000000%) 

 Volume:  3.715 in^3 (Relative Error = 0.486784%) 

Physical Properties for 22 Teeth Gear (x2) 
General Properties: 

 Material: {Steel, High Strength Low Alloy} 

 Density:  7.840 g/cm^3 

 Mass:  1.879 lbmass (Relative Error = 0.449698%) 

 Area:  31.713 in^2 (Relative Error = 0.000000%) 

 Volume:  6.634 in^3 (Relative Error = 0.449698%) 

Physical Properties for Drive Shaft 
General Properties: 

 Material: {Steel, High Strength Low Alloy} 

 Density:  7.840 g/cm^3 

 Mass:  3.204 lbmass (Relative Error = 0.120466%) 

 Area:  92.386 in^2 (Relative Error = 0.026252%) 

 Volume:  11.311 in^3 (Relative Error = 0.120466%) 

Physical Properties for Steering Swivel 
General Properties: 

 Material: {Steel} 

 Density:  7.850 g/cm^3 

 Mass:  1.639 lbmass (Relative Error = 0.039274%) 

 Area:  39.666 in^2 (Relative Error = 0.000000%) 

 Volume:  5.778 in^3 (Relative Error = 0.039274%) 

Physical Properties for Transverse Arm (x6) 

General Properties: 

 Material: {Aluminum 6061} 

 Density:  2.710 g/cm^3 

 Mass:  0.323 lbmass (Relative Error = 0.000149%) 

 Area:  27.463 in^2 (Relative Error = 0.000000%) 

 Volume:  3.302 in^3 (Relative Error = 0.000149%) 
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Physical Properties for Steering Strut 
General Properties: 

 Material: {Aluminum 6061, Welded} 

 Density:  2.710 g/cm^3 

 Mass:  2.083 lbmass (Relative Error = 0.001178%) 

 Area:  180.251 in^2 (Relative Error = 0.00000%) 

 Volume:  21.278 in^3 (Relative Error = 0.001178%) 

Physical Properties for ACME screw 
General Properties: 

 Material: {Steel} 

 Density:  7.850 g/cm^3 

 Mass:  0.407 lbmass (Relative Error = 0.053793%) 

 Area:  15.536 in^2 (Relative Error = 0.000000%) 

 Volume:  1.436 in^3 (Relative Error = 0.053793%) 

Physical Properties for Propeller 
General Properties: 

 Material: {Aluminum 6061} 

 Density:  2.710 g/cm^3 

 Mass:  1.181 lbmass (Relative Error = 0.887189%) 

 Area:  154.660 in^2 (Relative Error = 0.281014%) 

 Volume:  12.061 in^3 (Relative Error = 0.887189%) 
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Appendix C: Proof of Insurance 

Solar Splash 2015 Rule 2.7 Insurance - Each participating Team is required to provide proof of 

general liability insurance from their educational institution or written proof that, as a state 

institution, they are self-insured. Proof of insurance must be supplied with the Technical Report. 

Failure to do so will result in a 10 point penalty applied to the Technical Report score. 

 

**The current insurance policy from Geneva College expires on June 1, 2015.  Our team will 

obtain a paper copy, after June 1, 2015, and provide competition officials, upon arrival, proof of 

insurance from Geneva College.** 
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Per the stated rule, our team is submitting an insurance form which expires before competition. 
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Appendix D: Team Roster 

Name Degree Program Year Team Role 

Bradley Alan Mechanical 

Engineering 

Senior Team leader, steering and hull 

design 

Ray Burns Electrical 

Engineering 

Senior (Graduated 

December 2014) 

Data acquisition and electrical 

systems design 

Michelle Greco Mathematics Sophomore Skipper 

Tyler Harbison Mechanical 

Engineering 

Senior Propeller design and manufacture 

Andy Klein Mechanical 

Engineering 

Senior (Graduated 

December 2014) 

Solar panel and drive train 

manufacture 

Sean Pace Mechanical 

Engineering 

Senior Steering, motor testing, and solar 

panel design 

Matt Watson Mechanical 

Engineering 

Senior Gears, drive train, and battery 

management 

Dylan Weaver Mechanical 

Engineering 

Senior Drive train, propeller design, and 

power management 
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Appendix E: Solar System Design 

The diagrams and detailing of the past solar system design and the new configuration for 

competition this year are contained in this appendix. 

Cell Electical & Mechnical specifications 

All data and standard testing conditions 
 

S.No Description 
U5-150C 

-01775 

U5-150C 

-01730 

U5-150C 

-01680 

U5-150C 

-01635 

U5-150C 

-01590 

U5-150C 

-01540 

U5-150C 

-01500 
 

1 Efficiency (%) 17.75% 17.30% 16.80% 16.35% 15.90% 15.40% 15.0% 

2 Power Output (Pm) 2.64 2.57 2.50 2.43 2.36 2.29 2.23 

3 Tolerance (%) +4% +4% +4% +5% +5% +5% +5% 

4 
Voltage at Maximum 

Power (vpm) 
0.525 0.520 0.515 0.510 0.505 0.500 0.495 

5 
Current at Maximum 

Power (Ipm) 
5.02 4.490 4.850 4.760/td>  4.680 4.580 4.500 

6 
Open Circuit 

Voltage(voc) 
0.625 0.620 0.615 0.610/td>  0.605 0.600 0.595 

7 
Short Circuit Current 

(Isc) 
5.430 5.350 5.270 5.210 5.140 5.05 5.030 

8 Fill Factor (FF) 0.778 0.775 0.770 0.765 0.760 0.755 0.745 
 

 

9 Cell Dimension (mm) 125 PSQ 

10 Diagonal(mm) 150 

11 Thickness (mic) 200+30 

12 Cell Area (cm2) 148.50 
 

The shaded column, under U5-150C-01500, on the far right of the above table, were ordered. 

Fig. E.1 – UPV Solar Cell Product Specifications 
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Fig. F.1 - CSB Endurance Simulation Test1 

Fig. F.3 - CSB Endurance Simulation Test1 

Appendix F: Battery Testing 

A. Endurance Testing 

The endurance testing utilized two sets of 5 ohm 

resistors. Three separate tests were completed using 

different combinations of the resistors in parallel. Test 1 

used four resistors in parallel, Test 2 used three resistors 

in parallel, and Test 4 used six resistors in parallel. The 

resistors were connected along with a switch, voltage 

meter, and clip-on amp meter to complete the simple 

testing circuit. The 

resistors were fan 

cooled to prevent 

overheating and to 

keep the resistance 

constant. The tests 

were ran until the 

CSB battery 

reached 11 volts. 

The testing showed 

that the resistance 

of the resistors 

stayed near 

constant during testing; varying by less than 10 percent. The 

results of the testing fell in line as expected with the voltage 

falling faster the lower the resistance of the test. The three 

test took 105, 55, and 142 minutes respectivley for the 

battery to fall below 11 volts. These times allowed the team to examine discharge rates near the 

two hour endurance time. Along with plotting the voltage over time of discharge for each test; 

the power over that time was 

compared as well. The power 

over time graph allowed for the 

calculation of the constant 

discharge power available 

during use. Test 1 showed that 

the battery was capable of an 

average of 96.2 watts of power 

for 105 minutes taking into 

account that the batery was 

brought down to only 11 volts. 

It was assumed that a power 

level near this value could be 

maintained for the endurance 

competition. Taking into 

account that six of these 

Fig.F.2 - CSB Endurance Simulation Test 3 



57 | P a g e  

 

Time Energy Ending V Current Voltage Power Resistance

Min KJ V A V W Ohm

Test 1 105 623.06 10.95 8.18 11.78 96.16 1.40

Test 2 141 534.41 10.98 5.32 11.85 63.18 2.23

Test 3 54 576.61 10.92 15.12 11.75 177.72 0.78

Average ValuesTest Overall Values

Fig. F.4 - CSB Power v Time Graph – Endurance Testing 

Fig. F.6 - CSB Peukert’s Constant Graph 

Fig. F.5 - CSB Average Test Results 

batteries will be used during the 

competition, that totals a constant 

power of approximately 575 watts for 

the two hour period. When, running a 

24 volt system this equal to a constant 

power draw of 24 amps. The area under 

each power curve was taken for each 

test.The total energy taken from each 

test varied slightly with the rate the 

current was drawn as well as slight 

differences in charging. These energy 

values were used to compare the CSB 

batteries to the Optima and Genesis 

batteries. The Peukert’s constant for the 

CSB battery was calculated using the 

average current 

value as well as 

the time it took 

for each test. 

The natural log 

of the time was 

plotted verse the 

natural log of the current and a linear 

best fit line was applied. The slope 

of this line is equal to the Peukert’s 

of the battery. This value was used 

to compare the battery to other 

batteries based on manufacturers’ 

data; as well as compare the actual 

test results to CSB’s data on the 

battery. 
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Fig. F.7 - CSB Sprint Simulation Test 

Fig. F.8 - Optima Sprint Simulation Test 

B. Sprint Testing Procedure and Setup 

The Sprint test utilized a 500 amp Carbon 

Pile Load Tester to draw a high current 

from the CSB battery. The load tester was 

connected along with a switch, voltage 

meter, and clip-on amp meter to complete 

the simple testing circuit. Four test lasting 

10 seconds each were performed in order 

to determine if the CSB battery was 

capable of handling loads similar to the 

loads it will experience during the sprint 

even. Between each test the load tester was 

given approximately 30mins to cool down. 

Load testing the CSB battery confirmed 

that the battery was capable of handling 

Sprint loads. 

 

The Optima batteries underwent load 

testing to determine their viability for use 

testing and for the competition. The Sprint 

tests utilized a 500 amp Carbon Pile load 

tester to draw a high current from the 

Optima Batteries. The load tester was 

connected along with a switch, voltage 

meter, and clip-on amp meter to complete 

the simple testing circuit. One test lasting 

10 seconds was performed for each of the 

15 Optima batteries kept in shop. Between 

each test the load tester was given 

approximately 30mins to cool down. The 

testing revealed that many of the batteries 

failed to maintain adequate voltage under 

load. 
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Appendix G: Power Budget 

The power budgets help to track the flow of power through the system. This allows for 

understanding of how closely each of the components is to its maximum and for a more accurate 

calculation of the power entering each stage of the system. Each stage of the power budget 

includes the power loss in that component as a way to find where the efficiency of the system is 

lacking and make improvements. The power budgets provide a concise way of listing the 

specification of each part of the system and whether the design goals are realistic based on the 

numbers it provides. 

 

Fig. G.1 Sprint Power Budget (1 of 2) 

Batteries

Battery Impedance* B_Z 0.003 Ω Pull from Manufacturers Data

Nominal Battery Voltage B_NV 36 V Nominal Voltage

Battery Actual Voltage* B_AV 27.5 V Approximate Voltage Under Load

Battery Current* B_I 550 A Maximum Potential Current

Battery Power Addition B_Pgain 15125 W 20.28 hp B_Pgain= B_I*B_AV

Battery Power Output B_Pout 15125 W 20.28 hp B_Pout=B_Pgain

Wiring to Controllers

Wiring Impedance* W_C_Z 0.276 Ω/km 00 Welding Wire Resistance

Length* W_C_L 1.83 m 6 ft Approximate Length of Wire

Wire Voltage Loss W_C_V_Loss 0.14 V W_C_V_Loss= (W_C_Z/1000)*(W_C_L)*(W_C_I)

Wiring Voltage W_C_V 27.36 V W_C_V= B_AV - W_C_V_Loss

Wiring Current W_C_I 275.00 A W_C_I = B_I / 2

Wiring Power Loss W_C_PL 76.34 W 0.102 hp W_C_PL = 2*(W_C_I^2)*(W_C_Z/1000)*W_C_L

Wiring Power Output W_C_Pout 15048.66 W 20.181 hp W_C_Pout = B_Pout - W_C_PL

Cumulative Efficiency 99.50

Controllers

Controller Efficiency* C_e 0.98 Controller Efficiency from Testing

Controller Voltage C_v 27.36 V C_V = W_C_V

Controller Current C_I 275.00 I C_I = W_C_I

Controller Power Loss C_PL 300.97 W 0.404 hp C_PL = (1-C_e)*W_C_Pout

Controller Power Output C_Pout 14747.68 W 19.777 hp C_Pout = W_C_Pout - C_PL

Efficiency 97.51

Wiring to Motors

Wiring Impedance* W_M_Z 0.276 Ω/km 00 Welding Wire Resistance

Length* W_M_L 1.83 m 6 ft Approximate Length of Wire

Wire Voltage Loss W_M_V_Loss 0.14 V W_M_V_Loss= (W_M_Z/1000)*(W_M_L)*(W_M_I)

Wiring Voltage W_M_V 27.22 V W_M_V= C_V - W_M_V_Loss

Wiring Current W_M_I 275.00 A W_M_I = C_I 

Wiring Power Loss W_M_PL 76.34 W 0.102 hp W_M_PL = 2*(W_M_I^2)*(W_M_Z/1000)*W_M_L

Wiring Power Output W_M_Pout 14671.34 W 19.675 hp W_M_Pout = C_Pout - W_M_PL

Cumulative Efficiency 97.00

Sprint Power Budget
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Fig. G.1 - Cont. Sprint Power Budget ( 2 of 2) 

Motor

Motor Efficiency* M_e 0.83 Pulled from Motor Curve

Motor RPM* M_rpm 2100.00 rad/s 2100 RPM Pulled from Motor Curve

Motor Power Loss M_PL 2494.13 W 3.345 hp M_PL = (1-M_e)*W_M_Pout

Motor Power Output M_Pout 12177.21 W 16.330 hp M_Pout = W_M_Pout - M_PL

Cumulative Efficiency 80.51

Drive Train

Number of Bearings* DT_BN 5 Number of Bearings in Drive System

Bearing Efficiency* DT_B_e 0.985 Gerr's Handbook Values

Gearing Efficiency* DT_G_e 0.97 Machinist Handbook

Total Efficiency DT_tot_e 0.90 DT_tot_e = DT_G_e*DT_B_e^DT_BN

Gear Ratio* DT_GR 1.22 Gears Used

Drive Train RPM DT_rpm 268.78 rad/s 2566.67 RPM DT_rpm = DT_GR

Drive Train Power Loss DT_PL 1225.03 W 1.643 hp DT_PL = (1-DT_tot_e)*M_Pout

Drive Train Output Power DT_Pout 10952.19 W 14.687 hp DT_Pout = M_Pout - DT_PL

Cumulative Efficiency 72.41

Propeller

Prop Efficiency* P_e 0.80 Approximate Propeller Efficiency

Prop Thrust P_Thrust 783.98 N 176.246 lb P_Thrust = P_Pout/(P_vel)

Boat Velocity* P_vel 11.18 m/s 25 MPH Speed Goal (Input in MPH)

Propeller Power Loss P_PL 2190.44 W 2.94 hp P_PL = (1-P_e)*DT_Pout

Popeller Power Output P_Pout 8761.75 W 11.75 hp P_Pout = DT_Pout

Cumulative Efficiency 57.93

Hull

Hull Drag H_drag 783.98 N 176.246 Lb H_drag = P_thrust

Hull Velocity H_vel 11.18 m/s 25 MPH H_vel = P_vel

Hull Power Loss H_PL 8761.75 W 11.7497 hp H_PL = H_PL - P_Pout

Hull Output Power H_Pout 0.00 W 0.00 hp Should Equal Zero - Sheet Check
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Fig. G.2 - Endurance Power Budget (1 of 2) 

Solar Panels

Max Solar Power Gain SP_max 520 W 0.697 hp Maximum Potential Power Under 1 Sun

Sun Condition Efficency* SP_e 1 Fraction of 1 sun condition (0-1)

Solar Panel Power Gain SP_P_in 520 W 0.697 hp SP_P_in = SP_e*SP_max

Solar Panel Voltage SP_V 16 V Approximate Measured Panel Voltage

Solar Panel Current SP_I 4 A Approximated Measured Panel Current

Solar Panel Output Power SP_Pout 520 W 0.697 hp SP_Pout = SP_P_in

Peak Power Tracker

MPPT Efficiency* MPPT_e 0.96 MPPT Efficiency from Testing

MPPT Current* MPPT_I 4 A MPPT Current (Entered)

MPPT Voltage* MPPT_V 24 V Voltage Match Depending upon 24V or 36V

MPPT Power Loss MPPT_PL -20.8 W -0.028 hp MPPT_PL = MPPT_e*SP_Pout

MPPT Power Output MPPT_Pout 499.2 W 0.669 hp MPPT_Pout = SP_Pout - MPPT_PL

Batteries

Battery Impedance* B_Z 0.003 Ω Battery Impedance as pulled from man. Specs

Nominal Battery Voltage* B_NV 24 V 3 Pairs of 2 Batteries

Battery Actual Voltage* B_AV 24 V Battery Voltage Under Load

Battery Current* B_I 24 A Expected Current Drawn

Battery Power Addition B_Pgain 576 W 0.772 hp B_Pgain= B_I*B_AV

Battery Power Output B_Pout 576 W 0.772 hp B_Pout=B_Pgain

Combine Battery and Solar Tot_Power 1075.2 W 1.442 hp Tot_Power = MPPT_Pout + SP_Pout

Combine Current Tot_I 28 A Tot_I = MPPT_I + B_I

Wiring to Controllers

Wiring Impedance* W_C_Z 0.276 Ω/km Impedence for 00 Welding Cable

Length* W_C_L 1.52 m 5.000 ft Approximate Length of Wire

Wire Voltage Loss W_C_V_Loss 0.01 V W_C_V_Loss= (W_C_Z/1000)*(W_C_L)*(W_C_I)

Wiring Voltage W_C_V 23.99 V W_C_V= B_AV - W_C_V_Loss

Wiring Current W_C_I 28.00 A W_C_I = B_I

Wiring Power Loss W_C_PL -0.66 W -0.001 hp W_C_PL = (W_C_I^2)*(W_C_Z/1000)*W_C_L

Wiring Power Output W_C_Pout 1074.54 W 1.441 hp W_C_Pout = B_Pout - W_C_PL

Controller

Controller Efficiency* C_e 0.98 Controlled Efficeny as Gathered from Testing

Controller Voltage C_v 23.99 V C_V = W_C_V

Controller Current C_I 28.00 I C_I = W_C_I

Controller Power Loss C_PL -21.49 W -0.029 hp C_PL = (1-C_e)*W_C_Pout

Controller Power Output C_Pout 1053.05 W 1.412 hp C_Pout = W_C_Pout - C_PL

Wiring to Motors

Wiring Impedance* W_M_Z 0.28 Ω/km Impedence for 00 Welding Cable

Length* W_M_L 1.52 m 5.000 ft Approximate Length of Wire

Wire Voltage Loss W_M_V_Loss 0.01 V W_M_V_Loss= (W_M_Z/1000)*(W_M_L)*(W_M_I)

Wiring Voltage W_M_V 23.98 V W_M_V= C_V - W_M_V_Loss

Wiring Current W_M_I 28.00 A W_M_I = C_I 

Wiring Power Loss W_M_PL -0.66 W -0.001 hp W_M_PL = (W_M_I^2)*(W_M_Z/1000)*W_M_L

Wiring Power Output W_M_Pout 1052.39 W 1.411 hp W_M_Pout = C_Pout - W_M_PL

Motor

Motor Efficiency* M_e 0.89 Must Be Enter Based on Position on Motor Curve

Motor RPM* M_rpm 219.91 rad/s 2100.000 RPM Pulled from Corresponding Position on Motor Curve

Motor Power Loss M_PL -115.76 W -0.155 hp M_PL = (1-M_e)*W_M_Pout

Motor Power Output M_Pout 936.63 W 1.256 hp M_Pout = W_M_Pout - M_PL

Endurance Power Budget
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Fig. G.2 – Cont. Endurance Power Budget (2 of 2) 

 

  

Drive Train

Number of Bearings* DT_BN 5 Bearings on Both Driveshaft and Propeller Shaft

Bearing Efficiency* DT_B_e 0.985 Bearing Efficency (Gerr's Handbook)

Gearing Efficiency* DT_G_e 0.97 Gearing Efficency (Machinist Handbook)

Total Efficiency DT_tot_e 0.90 DT_tot_e = DT_G_e*DT_B_e^DT_BN

Gear Ratio* DT_GR 0.33 Gear Ratio Used

Drive Train RPM DT_rpm 73.30 rad/s 699.993 RPM DT_rpm = DT_GR

Drive Train Power Loss DT_PL -94.22 W -0.126 hp DT_PL = (1-DT_tot_e)*M_Pout

Drive Train Output Power DT_Pout 842.40 W 1.130 hp DT_Pout = M_Pout - DT_PL

Propeller

Prop Efficiency* P_e 0.80 Enter Propeller Efficency

Prop Thrust P_Thrust 158.69 N 35.674 lb P_Thrust = P_Pout/(P_vel)

Boat Velocity* P_vel 4.25 m/s 9.500 MPH Expected Boat Velocity

Propeller Power Loss P_PL -168.48 W -0.226 hp P_PL = (1-P_e)*DT_Pout

Popeller Power Output P_Pout 673.92 W 0.904 hp P_Pout = DT_Pout

Hull

Hull Drag H_drag 158.69 N 35.674 Lb H_drag = P_thrust

Hull Velocity H_vel 4.25 m/s 9.500 MPH H_vel = P_vel

Hull Power Loss H_PL 673.92 W 0.904 hp H_PL = H_PL - P_Pout

Hull Output Power H_Pout 0.00 W 0.000 hp Should Equal 0- Calculation Check
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Appendix H: Hull Design and Modification 

This section includes details and diagrams which have been discussed within the report regarding 

the hull modification. 

 

 

Fig. H.1 - Savitsky High Speed Displacement Hull 

 

 

Fig. H.2 - Savitsky High Speed Planing Hull 
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Fig. H.3 - Hull Classifications: Displacement Hull 

 

Fig. H.4 - Hull Classifications: Semi-Displacement Hull 

 

Fig. H.5 – Hull Classifications: Planing Hull 

 

 

Fig. H.6 – Trim Tab Kit 
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Fig. H.7 – Jamestown Distributors Material Costs – Balsa Wood 

 

Fig. H.8 - Jamestown Distributors Material Costs – Corecell Foam 

 

Port side of the boat with proposed modifications in respect to the endurance waterline. 

 
Fig. H.9 - Inventor model of the hull with proposed step-chine modification 

Back view of the boat with proposed step chines with respect to the endurance waterline. 

Balsa Core - ProBalsa

thickness 3 / 8 in 1 / 2 in 3 / 4 in

cost $31.28 $38.71 $48.38

$7.82 $12.89 $24.19

Weight

lbs. per cu. Ft.

10

2' x 4' sheets 

cost per cubic ft.

Corecell A500 2 x 4 4 x 4 4 x 8

cost $33.84 $49.09 $130.18

2 x 4 4 x 4 4 x 8

cost $47.11 $89.99 $158.08

2 x 4 4 x 4 4 x 8

1/ 4 in 1 / 2 in 3 / 4 in cost $72.99 $154.04 $334.12

$7.85 $24.33 $47.96 2 x 4 4 x 4 4 x 8

cost $95.92 $186.88 $336.66

2 x 4 4 x 4 4 x 8

cost $131.59 $256.37 $338.12

cost per cubic ft.

1/8 in. thick sheets

1/4 in. thick sheets

1/2 in. thick sheets

3/4 in. thick sheets

1 in. thick sheets

Weight

lbs. per cu. Ft.

5
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Fig. H.10 – View from the transom (back side) of the Inventor model for hull modification. 

 

Fig. H.11 - Jamestown Distributor’s cost sheet regarding proposed modification order 
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The following has been obtained through Reference [9] of our “Reference” section. 
PDS-Corecell A-10-1213 1 Gurit® Corecell™ A STRUCTURAL CORE MATERIAL 

¬ Exceptional impact tolerance 

¬ Suitable for dynamically-loaded structures 

¬ Superior styrene and temperature resistance to linear PVC foam 

¬ Highly thermoformable 

¬ Ideal for resin infusion 

 

 

 

 

Fig. H.12 – The following table density value was utilized in our hull weight calculations 

Thermal Conductivity ASTM C518 0.04 W/mK  

Dimensional Stability (HDT) DIN 53424 63°C  / 145 °F  

Intermediate densities may be available on request, subject to minimum order quantities. 

E gurit@gurit.com 

W www.gurit.com 

Corecell is a registered trademark in the EU and in other countries. 

 

 

 
 

 

 

 

 

  

Type Test Method Units A500 

Nominal 

Density 

ISO 845 

 

kg/m3 

lb/ft3 

92 

5.7 
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Hull Modification Construction 

The hull modification  construction process is detailed 

next; visual support from the following figures should 

help to aid the reader through the steps.  The boat hull 

was first placed upside down and was then leveled fore 

to aft.  Next, sections from the Corecell foam sheets 

were first heated (160°F - 180°F) to its pliable range, 

quickly pressed into the shape of the hull at specific 

locations, and finally bonded to the hull using WEST 

system epoxy.  Consecutive layers of the foam were 

added in certain sections of the hull due to the concave 

shape of the hull.  The additional volume 

foam layers were shaved off, sanded down, 

and faired  to shape for the step chines.  

After the step chines were formed using 

foam, a veneer of cedar strips were added 

on top of the foam to tie the modification 

into the existing structure.  The cedar strips 

did not have to be purchased because a 

significant amount of the strips were left 

over from the initial hull construction.  

Matching each of the cedar strips, added as 

a veneer over the Corecell foam, placing 

them in line with the current strips of the 

hull was attempted with each piece, however 

the lack of time with the project limited the 

detailed craftsmanship of each individual 

strip.  Each of the cedar strips were bonded 

to the other strip using wood glue, while the 

veneer was bonded to the foam using WEST 

system epoxy.  The veneer of cedar strips 

over the foam core was faired down to the 

final shape for the step chines.  The final 

shape was determined level and was 

prepared for the layer of 6mm fiberglass 

which would cover the added material.  The 

fiberglass cloth was not purchased because 

two large rolls had been left over from the 

initial hull construction.  The WEST system 

epoxy was used to bond the fiberglass to the 

cedar veneer.  Additional coats of epoxy were 

added to fill in the cloth layer.  The final coat 

of epoxy is shown in the picture below. 

After the final epoxy coat the hull will be 
Fig. H.16  – Final coat of epoxy completed. 

Fig. H.13 – Forming/Adhering Corecell 

Fig. H.14 – Adding the veneer of cedar strips on top of Corecell  

Fig. H.15 – Cedar veneer completed 
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sanded down and prepared for three coats of varnish.  The varnish will protect the epoxy from 

UV degradation. 

One of the intended characteristics for this modification of the hull, the step chine design, 

included increasing the surface area. The increase in surface area, parallel to the sprint waterline, 

was constructed to improve planing hull characteristics. The following side by side figures 

illustrate the increase in surface area, before and after the modification. Each figure is a view 

looking at the transom. The increase in surface area from the step chine modification is an 

increase of 4 square feet. 

 

 

 

 

 

  

Fig. H.17 – Before picture of the hull  Fig. H.18 – Picture after modification 
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Appendix I: Gearing and Chains 

 

Calculating the  gearing 

ratio is accomplished by 

dividing the teeth 

number of the driver 

gear (motor gear) by the 

teeth number of the 

driven gear (drive shaft 

gear). The speeds for 

Gear Ratio Calculation 

show the motor speed 

based on the ME909 

motor curve data, the 

propeller speed based on 

calculation from 

Crouch’s Method, and 

the theoretically desired gear ratio which is calculated by dividing the propeller speed by the 

motor speed. The list of available gears shows the Sprint gears (chain size 40) available. Using 

the list all of the gear ratios were calculated for all possible arrangements.  

The image to the right 

shows the gearing ratio 

chosen for Sprint. The 

gears in the drive train are 

Martin Sprockets. The 

pinion sprocket (22-teeth) 

is a Martin 40BS22 (7/8), 

and the driven sprocket is 

a Martin 40BS18HT 1. 

The dimensions were 

found on the Martin Gear 

Catalogue. The drive train 

set-up utilizes two motors spinning the larger 

sprockets which connect to a single drive shaft 

with the two smaller sprockets. The torque 

rotation is clockwise. 

The image to the right shows the calculations 

for the angular velocity, torque, and pitch circle 

diameter for the driver and driven gears selected 

for Sprint.  

Fig. I.2 & I.3 – Gear Specifications 

Fig. I.4 - Gear Relationships 

Fig. I.1 – Gear Selection Table 
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Chain: 

The image to the right 

displays the chain 

dimensions. The chain 

definitions and values for 

the chain used is taken 

from the Standard 

Handbook of Chains. The 

most important 

components of the chain 

are the Chain number 

(40), and the pitch 

(0.5in). 

 

The image to the right 

shows the new chains cut 

due to the increase in the 

diameters of the gearing. 

The chains have 23 links, 

and are fastened together 

with spring clips. 

 

 

 

 

  

Fig. I.5 - Chain Schematic 

Fig. I.6 - Picture of the chain used in the drive trian 
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Appendix J: Motor and Motor Controllers 

The motor system was not changed from the previous design.  The vessel is equipped with two 

Motenergy MEE-909 brush type permanent magnet DC motors.  Two motors are used in tandem 

during the spring, slalom, and qualifying events.  Only one of the motors is operated during the 

endurance event.  Each motor is capable of 300 Amps for 30 seconds and operate within a 12-48 

Volt range.  Each motor weighs 24.1 lbs. and are fixed within the vessel by mounting them upon 

the aluminum Gear/Motor Mounting plate (see Fig. J.1. below). 

Fig. J.1 – View of our set up for the motors and motor controllers 

 

 

 

  

Fig. J.21 – ME909 motor 

Fig. J.3. – ME909 Specifications 
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Each of the ME909 motors are controlled by Curtis 1204 motor controllers.  Each Curtis motor 

controller is rated for 24-36 Volts, 275 Amps. Only one of the controllers is used for the 

endurance configuration, while both controllers (one for each motor) are used in the other 

competition events.  

During testing in late April, one of the Curtis controllers was defective. The backup controller 

(Alltrax AXE4855) was tested, but upon reach half throttle burnt and was non-salvageable. At 

the time of this report replacement Curtis 1205 motor controllers have been purchased, and will 

be implemented for use at the competition.   

 

  

Fig. J.4. – Curtis Motor Controller Specifications 
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Appendix K: Driveshaft 

The previous 2012-2013 team fabricated the vertical strut for the driveshaft.  Three individual 

pieces of the strut were welded together.  The base fastens to the hull and a second plate located 

inside the hull evenly distributes loads applied to the strut.  The design minimized the area for 

lateral forces to act on and maximized the area for the strut to resist bending stresses.  The strut 

was fabricated out of 1061-T6 aluminum. 

The worst case scenario was used in 

calculations; as the boat conducts hard 

turns at high speeds during the competition 

events.  At top speed, the strut creates drag 

determined to be 89 lbs. of force.  At 

3/16
th

 inch plate the bending stress was 

determined to be 17,020 psi for a 3/16
th

 

inch plate. The 3/16” thick aluminum 

afforded a safety factor of 2. Of the 

common aluminum alloys, 1061-T6 

aluminum plate was chosen since its yield 

strength is 40,000 psi. 

 

 

 

Fig. K.2 - Driveshaft drawing 

 

 

Fig. K.1 - Driveshaft support strut model 
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Fig. L.2- Velocity profile of old style bearing housing 

Appendix L: Bearing Housing 

In order to compare the design options for the bearing house analysis was completed in 

Autodesk Simulation CFD 2015 using finite element methods. Three housing options were each 

drawn in simplified form using Autodesk Inventor. The model of each housing was enclosed 

within a solid rectangle. Each model was imported into the simulation software. The parameters 

set for the analysis included: setting the inner housings material to aluminum, setting the 

enclosures material properties to water, giving the inlet face of the rectangle a known velocity, 

setting the outlet face of the rectangle to zero gage pressure, and setting all other faces of the 

rectangle equal to model symmetry, so that there was no wall effects. The fluid model used was 

k-epsilon, because of this application involving turbulent flow around a bluff body. The model 

were then meshed; a smaller meshing was applied to the bearing housing surface. 

 

 

 

 

 

 

 

 

 

The simulation software was solved and a velocity profile was created for each of the three 

housings. 

 

 

 

 

Fig. L.1- Example of meshing for bearing housing 
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The velocity profiles show that the old housing causes a much larger disturbance in the 

flow of water compared to the two new designs. This flow is especially important, because it 

leads directly to the propeller. Figures K.3 and K.4 show that the disturbance caused by the 

elliptical housing is far less than the semi-sphere housing; that the elliptical housing results in the 

best flow to the propeller. 

The drag force for each housing 

was calculated at different velocities, 

ranging from 3 m/s to 12 m/s. In order to 

verify the validity of the Autodesk 

Simulation CFD software for this 

application, the results of the old 

housing, essentially a cylinder. The drag 

force on the old cylinder was calculated 

by hand using the drag formula 𝐹𝐷 =

 
1

2
𝜌𝑣2𝐶𝐷𝐴, the frontal area of the 

cylinder, and a drag coefficient of .85 

for short cylinder. The results of the 

simulation software results and the hand 

calculations were plotted on Figure K.5. 

The results show that the hand calculations and the software results match closely for all of the 

speeds tested; thereby verifying the 

methods used for the drag analysis. The 

results show that the elliptical housing 

causes the least drag at every tested 

velocity. Both updated produced an 

approximately 33 percent reduction in 

drag force. These results do not fully 

represent the entire housing unit, lacking 

the propeller shaft and constant velocity 

joint; the results do serve as an effective 

comparison between design options.  

Final Design of the Bearing 

Fig. L.3- Velocity profile of elliptical housing 
Fig. L.4- Velocity profile of semi-sphere housing 

Fig. L.5- Comparison of results using hand calculations and Autodesk CFD 

Fig. L.6- Results of CFD drag testing of bearing housing options. 
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Housing 

The elliptical bearing housing was chosen for the simplicity of its design and improved 

shape. The housing is made of aluminum and is one solid piece, milled from a piece of round 

stock. The housing contains a thrust bearing at the front to carry the propeller thrust and a roller 

bearing to keep the shaft aligned at the rear. The setup involves plastic seals infront of and 

behind the thrust bearing to make it water tight. The roller bearing has double plastic seals. The 

shaft is held in place by the connection to the constant velocity joint at the front and the propeller 

hub secures the roller bearing and shaft from the back. 

The design requires a new shaft to be made. The new shaft will be made of steel and 

manufactured on the lathe. It contains a larger diameter section to support the thrust bearing, a 

hole for connection to the constant velcocity joint, a keyway for connection to the propeller hub, 

and threads to secure the propeller into position.  

 

 

  

Fig. L.7- Bearing housing assembly drawing 

Fig. L.8- New propeller shaft drawing 

Fig. K.9- Bearing housing drawing Fig. L.10- Bearing housing rendering 
Fig. L.10- Bearing housing drawing 
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Appendix M: Propeller Manufacturing 

A. Description 

The detailing of the manufacturing process of the propellers and the steps taken to get the 

propellers from the design in JavaProp and OpenProp to using the Computer Numeric Control 

(CNC) to mill them out of aluminum stock and then to manually grind and remove material to 

obtain a finish on the propeller that will match the foil shape designed by the software. 

B. G-Code Generation Software 

Computer Aided Manufacturing (CAM) software is crucial to the work to be done in creating an 

optimized propeller. In the pursuit of an ideal program to generate the code for the propeller 

model there are a couple qualifiers that are deemed necessary for the software to be able to be 

used for generating the necessary code that would allow complex shapes to be accurately 

machined using the CNC mill. There are three qualifiers that the software would need to be able 

to fulfill. The software must: 

 Generate G-code for complex curves  

 Have rough and fine finish options for the machine to be able to accomplish a 

manual tool change 

 Be able to use circular interpolation (G02 and G03) to machine arcs (preferred for 

timely milling times but nonessential) 

The software used to generate code that is paired with the mill interfacing software is out of date 

and unable to use current 3D modelling files and makes the process difficult and generate 

adequate code. The next software that was used was MechCAM which is a freeware. This 

software is not able to create code that includes circular interpolation that is compatible with the 

FANUC style CNC mill that is used. So another software was desired. It was found that the 

Autodesk software: Inventor HSM was a more then capable program to allow the machining of 

the propeller using the CNC. This software is a plug-in to the Autodesk Inventor software which 

allows for ease of use with the propeller models created in AutoCAD. 
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C. Initial Trials with the CNC Machine and Software 

The first successful attempt at generating G-Code for the propeller machining was done using 

Autodesk Inventor HSM which adds a tab in the ribbon of the main window of the software. This 

allows the user to seamlessly generate code from the solid model part file. A prototype milling 

was done using high-density, engineering foam and a solid model of a propeller that was created 

by a past Solar Splash team at Geneva. The prototype 

model is pictured in Figure M.1. The foam allowed for an 

increase in the feed rate and cutting speed for the 

propeller so that the prototype could be created quickly. 

With the machining of a propeller there are 

considerations that need to be made involving how a 3-

axis mill and how it will cut both sides of the propeller. 

Mounting and size considerations were important so that 

propeller would be 

able to be fit on the 

CNC table and be 

milled. A support 

would need to be added at the end of the blade so that 

during the machining process the blade would not deform 

under the load from the tool cutting the stock. The 

prototype was made out of foam so the force exerted by 

the tool on the stock was greatly reduced using the foam so 

that support design was a simple strut that would allow the 

blade to be mounted to the table using double sided tape 

and be adequately supported from deformation. The final result of the prototyping attempt is 

shown in Figure M.2. This was a good proof of concept and test use of the CAM software to 

allow the team to proceed forward with the manufacturing of the propellers 

  

Fig. M.1 – Prototype Model 

Fig. M.2 – Finished Prototype with support 
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D. Propeller Support Analysis 

 The 3D models of the sprint and endurance propellers have been previously made by past 

teams using a combination of different software, such as JavaProp. These models can be 

exported form their modeling software as different files to be used in generating code and 

interfacing with the CNC mill. The milling process will require some modifications to the base 

model as to allow for support structure to remain as part of the prop for the first half of the 

milling so that when the stock is to be flipped so that the mill can complete the milling process 

for the reverse side and it can be supported and not allow for a deflection that would cause a 

deformation in the prop by the force applied to the propeller by the tool. The force used for these 

calculations is the Ft force shown in Figure M.3.  

 

 

 

 

 

  

 

 

To find the vertical force, Ft, the cutting angle is needed as well as the ultimate shear strength for 

the material. A resultant force for the tool upon the stock material is directed along the cutting 

angle. So to find the force that the mill tool places on the stock in the vertical direction the 

ultimate shear strength is set equal to Ft, making a generalization to simplify the problem and 

then simple trigonometry is used to solve for Ft. The forces are all geometrically related in Figure 

M.4. 

  

Fig. M.3 – Forces acting on the stock during milling[5] 

Fig. M.4 – Geometric relationships of the 

forces involved in a milling operation[5] 
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𝐹𝑡 =  
𝑆𝑡𝑤 sin (𝛽 − 𝛼)

sin 𝜙 cos (𝜙 + 𝛽 − 𝛼)
=

𝐹𝑠 sin (𝛽 − 𝛼)

cos (𝜙 + 𝛽 − 𝛼)  
 

𝐹𝑠 = 𝑆 ∙  𝐴𝑠 

𝐹𝑡 =
𝑆𝐴𝑠sin (𝛽 − 𝛼)

cos (𝜙 + 𝛽 − 𝛼)  
 

Using the force in the vertical direction found by the previous analysis, the calculations can be 

done to determine the size of a support needed to assure that there will be no deformation in the 

final product and there will also be no deformation in the beam section of the propeller shown in 

Figure M.5 that would cause misaligned cuts that would cause the specifications of the propeller 

to be inaccurate. 

 

Fig. M.5 – Beam analysis of the support structure 

The area of the support beam, can be specified using a simple deformation calculation: 

𝛥𝑋 =  
𝐹𝑡𝐿

𝐸𝐴
 

𝐴 =  
𝐹𝑡 ∙ 𝐿

𝛥𝑋 ∙ 𝐸
 

These methods will allow the 3D models of the props to be prepared and accurately machined 

using the CNC mill. These are crucial steps to be taken in the analysis and fabrication of the 

propellers. The design used for the manufacturing of the propellers is shown in Figure M.6.  

The sprint propeller had to be 

divided into sections for each 

blade because the designed 

diameter was too big for the 

table of the CNC. This caused 

for increased difficulty in the 

final assembly of the propeller 

but allowed for much more 

manageable sizes of stock to be 

machined into the propeller 

blades. As seen in Figure M.6, 

there are holes that are drilled 

and tapped to allow it to be 

fixed to a plate that will be 

Beam 

Fig. M.6 – 3D Model of the sprint propeller assembly 
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mounted to the table. Double sided tape was again used for the first side of the blade stock 

because it had a significant amount of surface area which increased the tape’s effectiveness. 

The endurance propeller was able to be machined all at once because it is a two bladed design 

which can be set up on the table so it reaches the entire length of the blade in the x-axis of the 

CNC. There is also a support designed into the endurance propeller shape so that it can be mount 

in the same way as the sprint propeller.  

E. The Assembly 

The sprint propeller required extra finishing to allow the propeller blades to be assembled into 

one unit. Each blade went through a finishing step which required the support to be cut off and 

ground down so that the foil shapes would match that which was designed. After that was done 

the blades were all placed around a driveshaft substitute, a bolt with the same diameter, and 

pinched together using washers and a threaded nut so that the blades would be held tight and it 

would allow for welding to bond the three blades into one propeller.  

After the welding was completed grinding and sanding was done to give a surface finish to the 

aluminum blade and it was then ready for on the water testing and the competition. 

 

 

 

 

 

 

 

 

 

 

 

  
Fig. M.7 – Picture of the fully assembled prop ready to be finished 
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Appendix N: Steering 

The current steering system was designed, fabricated, and installed in 2013.  The current 

system, shown in Fig. N.1., will be utilized during competition.  The material used to fabricate 

all components of the system is 6061 aluminum.  

The previous team utilizes an aluminum pivot rod 

until that component failed during testing in 2014. 

An incident occurred with the propeller kicking 

back up into the steering strut, hitting the strut with 

enough force to sheer one of the propeller blades 

from the main hub. Damage to the propeller, 

steering strut, steering pivot rod, drive shaft, and 

drive shaft strut was sustained.  The previous team 

designed solutions for the damaged components.  

A new steel pivot rod was fabricated and was 

installed for the current system.  The steel pivot 

rod is shown below in Fig. N.2.  

 

 

 

  

Fig. N.1. – Steering system  

Fig. N.2. – Steel pivot rod, which replaced previous 

aluminum pivot rod.  
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Our team installed an aluminum tab to prevent the propeller from coming into contact 

with the steering strut.  The small tab was welded to the underside of the steering strut and 

contacts the thrust housing assembly, shown in Fig. N.3. below. 

Fig. N.3. – Views of how the trim tab restricts vertical movement of the thrust housing 

 
 

 

  



85 | P a g e  

 

Appendix O: Gantt Chart 

The schedule for the sprint semester of the senior design team was made into a gantt chart and is 

as follows for dates from January 29
th

 through the wekk of the competition (June 13
th

). 
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Appendix P: Hull CFD Analysis 

One way of checking the validity of the hull modification was to perform CFD analysis on the 

hull with and without the hull modification. The hull was modelled in its original state in 

Autodesk Inventor and then modified to include the chine line. The hull was then rotated about 

its center axis to create two trim conditions for the boat; one of the trims representing the hull 

position in sprint and one representing the hull position in endurance. The four hull models used 

for the CFD analysis are included below. 

 

 

Only a small portion of the hull is actually in contact with 

the water during use. Therefore, only the portion of the 

hull in contact with the water was needed for this 

analysis. In order to determine the water line; a plane was 

created parallel to the neutral axis to represent the 

waterline. The portion of the boat about this line was 

removed from each model and the remaining slice of the 

model was weighted using the properties function in 

inventor.  

The height of the waterline was adjusted until the buoyant 

force was equal to the weight of the boat. In order to 

accomplish this the density of the boat was set to that of 

water and the mass of the boat was compared to that of 

the weight of the actual boat. This process was completed 

for each model. The top of the model was selected as a drawing plane and a rectangle extruded 

downward creating the fluid flow volume around the bottom of the hull. 

Fig. P.1 - Inventor model – original hull - endurance Fig. P.2 - Inventor model – original hull - sprint 

Fig. P.3 - Inventor model – modified hull - endurance Fig. P.4 - Inventor model – modified hull - sprint 

Fig. P.5 - Example of slice of hull 

Fig. P.6 - Inventor iProperties Window 
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The models were imported into Autodesk Simulation CFD. K-epsilon was select as the fluid to 

model turbulent external flow. The panel facing the front of the hull was select as an input 

velocity and the output panel was selected as a pressure. The input velocity was modified based 

on the boat speed and the output pressure was set to zero. The model was meshed as shown 

below. 

The endurance trim of the boat was 

examined at four different speeds: 3, 4.2, 5, 

and 10 m/s. The trim of the hull and the 

waterline was not varied for any of the 

speeds. This testing ignores the other 

features of boat such as the steering and 

makes the assumption that the hull would 

not be changing its angle or depth in the 

water depending on speed. Both of these 

assumptions cause error in the actual drag 

force on the boat from the CFD results, but the 

CFD results are valuable in their ability to 

compare the hull before and after modification. The CFD modeling showed the effect the shape 

of the hull has on the flow of the water around the hull as shown by the velocity magnitude 

profiles. 

The simulation shows that the addition of the chine 

lines had little to no impact on the drag force on the 

hull in endurance; when ignoring the 10 m/s, which 

is much faster than the boat trails in endurance. An 

added benefit is that the addition of the chine lines 

provided an increase in lift, meaning the boat 

should ride higher in the water and experience less 

Fig. P.12 - Endurance simulation results 

Fig. P.7 - Example of Mesh 

Fig. P.8 - Original hull top view - Endurance 
Fig. P.9 - Modified hull top view - Endurance 

Fig. P.10 - Original hull side view - Endurance Fig. P.11 -  Modified hull side view - Endurance 
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drag, because of the addition. 

The graphs of the amount of drag and lift compared to the speed through the water clearly shows 

the trend of a much larger increase in lift than increase in drag from the additional material. 

 

 The sprint analysis was performed at 4.2, 7, and 12 m/s. The tilt was modified for this 

testing so that the hull was at angle similar to that it experiences in its transition phase between 

endurance speed and top speed. The velocities profiles show the impact of the chine lines on the 

velocity of the water around the hull. 

 

Fig. P.15 - Original hull top view - Sprint 

Fig. P.17 -  Original hull side view - Sprint Fig. P.18 - Modified hull side view - Sprint 

Fig. P.16 - Modified hull top view - Sprint 

Fig. P.13 - Endurance hull drag 
Fig. P.14 - Endurance hull lift 
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 The results of the sprint CFD analysis 

show that at sprint speeds (7-12 m/s) the drag 

increased by up to 50 percent after the hull 

modification, but the lift force increased by 

over 100 percent. This trend is exactly the 

goal of the hull modification. This increase in 

lift force should allow the boat ride higher 

out of the water and plane, while not 

substantially increasing the amount of drag it 

experiences. This trend can clearly be seen in 

the graphs of the drag and lift force versus boat speed for both the modified and unmodified hull. 

The results of the CFD analysis correlate with the goals of the modification. Based on this 

analysis the chine lines has minimal negative 

effects on the endurance performance of the hull, while adding significant lift force in the sprint 

competition. 

Fig. P.19 - Sprint simulation results 

Fig. P.20 - Sprint hull drag Fig. P.21 - Sprint hull lift 


