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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" 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 Ibs 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.

I1. 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 17.1V 4.252 A 73.9W
Panel #2 16.6 V 4.214 A 69.3 W
Panel #3 16.7V 4.226 A 71.3W
Panel #4 16.9V 3.857 A 705 W
Panel #5 17.0V 4195 A 73.0 W
Panel #6 16.9V 4163 A 72.1W

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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I11. 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 Q/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

s Curtis 1204 Reman. 24/36 275 275 16 0-5k
motor controllers by Curtis and Curtis 1204 New 24/36 275 450 16 0-5k
Alltrax. The controllers were Curtis 1204M New 36/48 275 260 24 0-5k
Compared by |aymg out the Curt?s 1205X Reman. 24/36 400 210 16 5k-0

e ) Curtis 1205 Reman. 24/36 400 160 16 5k-0
condition, operating voltage, Alltrax New 2448 300 350 16 0-5k
amperage limit, price, cutoff Repair Repaired /36 275 200 16 05k
voltage, potentiometer setting, Fig. 3.1 - Motor Controller Comparison

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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3) Design Testing

Weight 6 8 7 10 9 6 7 6 q .
Curtis 1204 9 9 6 6 10 10 9 4 465 and Evaluation:
Curtis 1204 10 9 6 3 10 10 9 8 465  The Curtis 1205
Curtis 1204M 10 7 6 7 0 10 9 6 387 motor controller
Curtis 1205X 9 9 8 8 10 9 9 8 517

Curtis 1205 9 9 8 10 10 9 9 8 537 allows for an
Alltrax 10 10 7 5 10 10 5 7 466 increase in

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

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.

Fig. 3.2 - Motor Descision Matrix

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 1b. 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 After 10 seconds
found in Appendix F. The testing revealed that many of the Optima___[Current |Voltage
batteries failed to maintain adequate voltage under load. The load Battery 1 227.3 6.69
tester only allowed for a 10 second test, but still provided valuable  [Battery 2 S0 N0
information on the state of the batteries. The testing reveal that S e
none of the batteries were in a suitable state to be used a Batterz 5 SR
competition; all but two of the batteries fell below 9 volts at half Battery 6 112.1 2.10
the expected current and a quarter of the expected time they would  [Battery 7 235.8 8.93
have to carry the load. The batteries could still be used for testing, HHERE e
the batteries were selected based on the results show in Figure 4.1, [2attery? 9.7 390
Battery 10 112.8 4.77
The testing revealed a need to purchase two new sets of Battery 11 275.6 8.67
batteries for use. The focus of the search was honed in on 12V Batielvel2 B /.5
batteries that could be used for a 36 volt sprint system, because any ~ Poe 2 4B A2
lower voltage would lead to a loss of possible power output. B:ttzz T Er G

Additionally, a lead acid batteries energy is very closely related to Fig. 4.1 - Optima Load Testing
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the weight of the battery therefore emphasis was placed on selecting of batteries weighing as
close to 100 Ibs. as possible. This lead to examining batteries of weights of approximately 11, 16,
and 33 Ibs., 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

Battery Comparison adequate for the sprint competition. Therefore, emphasis
Drawn Voltage| Battery | 2hrPower | Was placed on the performance of the batteries energy

Vv Watts potential in 2 hours to match the endurance competition

9.9 BP 40-12 499.5 time.
10.02 GA42EP 649.5

96 BP 20-12 501.4 Data for the batteries was compiled from manufacturers’
10.02 G16EP 490.1 specifications and past testing for thirteen batteries.

9.6 HR22-12 554.4 Utilizing the available information and Peukert’s law, a two
9.6 EVH 12240 659.6 hour constant current rate was determined for each battery,
u e e == with a draw down to approximately 9.6 volts. Four possible
96 1PS-12400 4987 | patteries were selected based on the information in Figure
26 [PS-12200 2089 | 4.2: CSB EVH12240, Optima REDTOP, Genesis G13EP,
9.6 GPL 12400 567.4

o B = and GL}ZEP. F_ortunately, past Geneva teams completed

96 UB12200 5521 extensive testing of the REDTOP batteries both in the lab
26 Optima75/25|  540.9 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.

Fig. 4.2 - Hr Constant Power Comparison

3) Des|gn Testlng and Test Time Energy 100 Ibs. of Battery Source
. Min Joules Joules
Evaluation: The CSB battery was tested  [cssram0 105]  6.23E405 1.25E406 CSB Testing 2015
using banks of 5Q nominal resistors in CSB12241 141] 5.34E+05 1.07E+06 CSB Testing 2015
CSB12242 54 5.77E+05 1.15E+06 CSB Testing 2015
parallel, the full procedure and results Optima o8| 1236406 1.236+06] _Geneva End. Testing 2014
H H Optima 90 1.12E+06 1.12E+06 Geneva End. Testing 2014
can be found n Appendlx F Optima 90 1.14E+06 1.14E+06 Geneva End. Testing 2014
- - - Optima 90 1.15E+06 1.15E+06 Geneva End. Testing 2014
These teStIng reSUItS were Comblned Wlth Optima 135 9.83E+05 9.83E+05| Geneva Sprint Testing 2014
the results of past testing in Figure 4.3. Optima 150]  1.12E+06 1.126+406] _Geneva Sprint Testing 2014
Optima 120! 4.08E+05 2.04E+05| Endurance Comp Data 2013
The fIgUI’e ShOWS that the amount of EP 42 120! 4.68E+06) 1.56E+06| Cedarville Tech. Report 2014

Final Voltage Approximately 11 volts for Each Test

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;

Fig. 4.3 Optima, CSB, Genesis End. Comparison

especially taking into account that two

Batter SystemV |Weight of Set| SetCost |2HrPower .

Y Y . b Dollars ot sets of batteries needed to be purchased.
CSBEVH12240 | 24V/36V 99.84 320 s76 | All four of the battery options weight
Genesis GA2EP 36V 08.7 750 630 neared the limit, but only the CSB battery
Genesis G13EP 36V 97.2 1215 630 allowed for a change between a 24 and
Optima REDTOP| 36V 99.3 450 541 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

Fig. 4.4 - Optima, CSB, Genesis Overall Comparison
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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 CSB Battery - After 10 seconds

was used to draw a high current from the CSB Trial Current Voltage
battery. The steel bolt provided by the manufacturer |Trail 1 292.8 8.72
was replaced with a brass bolt to increase Trial 2 283.4 8.41
conductivity. The results in Figure 4.5 show that Trial 3 280.9 8.16
the CSB battery was capable of handling loads Trial 4 262.8 8.59
similar to the loads it will experience during the Fig. 4.5 - CSB Load Testing

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 Battery 1 Battery 4
36 volt for sprint and 24 volt for endurance, which i i
were based on the competition rules that allowed 100 Battery 2 Battery 5
Ibs of batteries for Sprint and only 68 Ibs of batteries i i
for Endurance. Due to past rules the solar system was Battery 3 Battery 6
designed for a 24 volt system. In order to avoid s i
purchasing new peak power trackers, and to have
compatibility with the old system, it was decided that Open Circuit

it was necessary to have a way to convert between 24

; Fig. 4.5 - Endurance configuration
volt and 36 volt. Copper bus bars were designed and J ’

bent to allow the batteries to be combine in different e st Zesit
configurations of series and parallel. The wires will i iF* i
be connected and disconnected by hand to switch TN B T I T
configurations from the sprint to endurance race. The i s o

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. Fig. 4.6 - Sprint Configuration

The Sprint competition configuration utilizes both

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

Open Circuit
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C. Energy Balance

A major design goal was to }
maximize the power the system could Power Available- Endurance

supply to the water. In order to better utilize 1200

the available systems two power budgets 1388 7 B

were created, the full power budgets are €00

located in Appendix G. These two budgets 400

Power, Watts

are used to estimate the amount of power in 200

the system at certain points, as well as

: NI N
determine areas of the system where the P £ @
biggest improvements could be made. @ S o R

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
=controller - hydgets proved useful when examining the
Wiring 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
Fig. 4.8 - Comparison of power losses in endurance  duration of the endurance race under a 1 sun
condition and approximately 11,000 watts are
available at the propeller during the sprint race.

Fig. 4.7 - Power available at each stage of system

Power Loss Endurance

Drivetrain

m Propeller

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" 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,
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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 +~v16.5 ft = 3.7

Looking at Figure A.1., there isa
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 Fig. 5.2. — Savitsky’s high speed planing hull geometry

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:

e Fabricate hydrofoils with the hull.
e Install trim tabs at the transom of the vessel, use them to “encourage” planing.
e Construct a step chine along the aft sections of the hull.
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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 Ib./ft3, 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
I __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

Fig. 5.3 — Picture of the step chine not interacting with the water and the endurance capabilities of the newer
theoretical model 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.

13|Page



V1. 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 Ibs. 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 ME9S09 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 1.3 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 Fig. 6.1 — Gear and chain orientation
testing in the Fall of 2014 the new gearing was

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

W (power)

torque | _om | hp
230 21ss] 72415

The chains used for Sprint testing are size 40, and the dimensions of the chain are shown in
Appendix 14. 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 1.2. Two chains with 23 links were cut and fastened together with spring clips
which are shown in figure 1.6.

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.™®! The driveshaft is half
an inch in diameter. The driveshaft is connected to two collars (Gear collars) at the top end by a
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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
Fig. 6.3 - Solid model of new bearing housingto  gssembly. The two one piece bearing housings were similar
reduce drag and reduce the overall weight of the iy 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 Velocity vs Drag Force
were more
. substantial at *
higher 2 o
Fig. 6.4 - Solid model of one piece speeds_. The s s
elliptical bearing housing analysis i
illustrates 2

Fig. 6.2 - Solid model of one piece semi-
spherical housing

ag Forc
L

Velocity, m/s

Expon. (Old Housing) Expon. (Elliptical Housing) Expon. (Semi-Sphere Housing)
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that the elliptical housing is the lowest drag option and therefore was the
chosen design.

3) Design Testing and Evaluation:

Q 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
Fig. 6.6 - Solid model of one g ya0js The new housing reduces weight by 25 percent compared to the old
piece elliptical bearing housing ” ) i i X
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 pIanincT). In order to properly estimate the boat in planing position
Crouch’s Planing Speed Formula,” 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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Handbook[5] it was Customized Motor Curve (30 V)
determined that the s

tip of the propeller ==

should be no closer = // T /ﬁ_i/ o
than 4 inches to the #* | o Voriage
surface of the o 1 = -
water. This limited " 5—— e | e
the maximum > —

diameter of both
propellers to 14

\

g &
\\-—-__,
“‘\-‘
A
N

inches. ) =

A rough propeller ’ ’ 7 otor e i)
design was created Fig. 6.7 — Customized 30 Volt motor curve

using the methods The legend entries that are just points are the results of
of Gerr’s Handbook; these methods specified dynamometer testing (Power s in Watts)
certain pitches and diameters for possible Watts and RPM based on scale of 6000=6000
propellers but failed to take into account foil Voltage based on Scale of 6000=60

shape and were limited in the ability to Amps based on scale of 6000=300

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.

Eff based on scale 6000=1

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 dlameter 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, Fig. 6.4

. . _ — Implementation of the tab
stopping upward motion before the propeller can come into welded to the steering strut

contact with 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.

e Hull Modification

e 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

e 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.

e Manufactured optimized propellers using calculated values and CNC machining.

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

e Increased the solar array to improve charging capacity.

B. Weaknesses

e Inability to test new modifications fully to evaluate performance because of
malfunctioning equipment.
e 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

e 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.

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

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

e 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 Ibs.

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 Ib.

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.

*1t 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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COmponents ey cass kg damage and pulmonary comditios.

Posentisl o Camse Camcer: The Infemziona]l Agency for Rosmach o Cancer bon clwaified “somg
Imorganic acid mist comtaming welfinic acd” 25 a Catmgory | carcinogen, 2 substanog that iz carcinogenic to umsns.
This clemification doss mot apply o hqnid Sooms of miforic acid or subfimc acid sohsfions conteimed witin a
batiery. Inorgamic acid mist 15 not gesaried mder ommal use of di: peodect. Bivme of the prodect, sech as
overchargng, may hoaeuer menlt in the gensration of welfimc acd mist.

Emereency agpd Firsc Aid Procedures:

» [shaltion: Remone from exposums and 2pphy oxyges 2 bawathing i Effonlt

» Ekin: Wash with planty of sozp and water. Farsews 2oy conteniraid cloding.

= Eygs: Flush with plonty of wabar mmodiaehy for af least |5 mimmiss. Consmlt 2 phoysician
» Ingeetiowr Consmltt 2 phrysiciam mmediztoly.

ThEmhuf%’ i3 kv determized that carain battery sermnimals and mlated accessomss contain lead and lead
, chamicak knram fo the Sae of Calomia to canse cincer and mepmodnctive bam. Warmisg: Wash
hsmds thoroughby sfier handbizs byireries.

SECTION 6: FIRE AND EXPLOGION HATARD DATA:

Flazh Puint: Hydogen = 219°C

Asto jepicicn Temperaouze: Heydrogen = 550°C

Estisguiching Medis: Dry chamical, foam, C0,

Flamabilicy Limic:: LEL 4.1% (Hydrogn g)

Usecusl Fire and Explosion Hazards: Hydrogsn and omvpss gases ars produced i the cell diring nermal bamrr

operation (nydrogen k& fammmble and oxygen sopports combustion). These gases soher the air thooegh the went
caps. To avodd the chancg of & fim or explosion, lep sparie: axd other scarres of ipmition ey from the batzsy.

SECTION 7: EEACTIVITY DATA:

Stbdirr: Stbla

Conditions g0 Avoid: Sparks amd other souces of ignition.

Incompatibifity: {material: o sveid)

Bty slacchy (i Cormiisibla s, o e ng g, s s, cathidlo, crgasic e,
chloratss, mitrates, picranss, and Silminags.

Fagardog: D iciem Produci:

Lsadlead compormds: Comides of lead amd sulfe
Bty slecoabyts (20d): Brdrogen, mlfic dioxids, mnd sulfir sioxide

Dl [PAATECDE,
Yormeoa: L1E-AZ

Fig. A.1 Cont. CSB Seal Lead Acid Battery Data Sheet (2 of 4)
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BESTENY

DB hlaterial Safety Diata Sheet

Londinons io Sovoad:

toperators.  Battary alectroby (acid) will react with water %o produce heat  Can mact with oxidieing o
AFaITE.

SECTION §: CONTROL MEASTURFS:

hm' Im- =!Emd=.

St Jead'acid batteries with adequate wwatiaticn. Room vemilation is mquimd for bettaries utilred for somdby
oWl geoaration. Mever mcharge batteries moan wmentilaed, soclosed spacs.

Work Pracoices:

Do mot remove vent caps. Follow skipping and bomding instractions that are applicable to the batery type. To
moad derage bo terminals and seals, do mot double-stack indnstrial battenies.

SECTION &: PERSONAL PROTECTIVE EQUIPAIFNT:

Respirasery Profecoom:

HNione required wndor normal handling conditions. Dhizg battery formerdion (high-rate charpe condition), acid mist
ican bo penamted which mony carms respimatory Britation. Alsn, if uod spillage sooms In a comfined space, axposum
oy ocour. I inritalion occem, wear a mespiraior suitable for protection aminst acid mist.

Exes apd Fage:

Chamical splash gogzles are prefamed. Also acceptable am “visor-pos” or a chepsical face shisld womn over safaty
R

Hands, Arms, Body:
Vil comted, VC, gauntiet fypo gloves with rorgh fwish a preformed.
Oother Sesccial Clothi i Fasi

Safety shoss ae recommended when hamdling batteries. All foctwsar oot pwet requinenents of ANEI Z41.1 -
R, 1970

SECTION 10: PRECAUTIONS FOR SAFE HANDLING AND USE-
Hvmiene Practices:

Following contact with imrarmal batterr compomants, wach hand thoroughhy bafors satng, drimking. or smscking.
Fespiratery Protecrion:

E’w .u.l'm:rnlu-s-n-'. Demtpumﬂ ﬂm-:splﬂsmrlntmn of terttary(s). If battary sdecirolys (acid) comes

Proiecove Meanres:

Bamvng condmutible matarials and all sowrcss of ipmtion  Cower sdlls with sody ash {sodium cashomatz) or
qecklime (ralcras conda]). Mixwell Make cortain mixtnm 5 sewral thes collect reddee and placs in a drem or
otter suitdtls containar. Dhspose of 2 harardons wast.

Waar acid-resdivtant boots, cherical face shiold, cheacal splash posgles. and acid-maistmt glowes. Do not release
un-newiralized acid.

e [PATTE IR, =4-
Yormeoe L18H-A.2

Fig. A.1 Cont. CSB Seal Lead Acid Battery Data Sheet (3 of 4)
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AT THAY

QB MAlaterial Safety Diata Sheet

Wasce Da Alechod:

Battery alectolyte (acid): Meutralive s above for a spdll, collect maidne, and place i a dmim or sudtzhle conteiner.
Dispose of an laomdow: azek. Do not ik lead comnmizated acid oo sewer.

Batterios: Send o lead wolter for reclarertion followmg applicabie Fedoral, st and local mgeltions. Prodnct
;%ﬁg{fndﬂmgniﬁmw-m leaad 2 bertteries, or wse CEB Bacycling Prograns menber (BO0)

rthar amd 5 Precamnoms:
Hione: Foquirsd.
SECTION 11: NFPA HATARD EATING:

S uBfaric Acid-

Flammmability (Fed) =
Healrh (Blme) =
Beactivity  (Vellow) = X

SECTION 1I: DEPARTMENT OF TEANSPORTATION AND INTEENATIONAL SHIFFING
EEGULATIONS:

Proper Shipping Name Batteric: —Moxr-Epillabls, Electic Stomage

. - Classified 25 non-spillabls, meets non-spillahle oiba
U-5. DOT (LS. Departmest of Transportatios) Etod at 40 CFR.173.13% {d). Seo commants.

. . . Classified 25 nom-spillable, meet o reqeirament of
TATA (I=ternacozal ir Transpartation Spacial Provisions AST, Mon-pdllakle betieries shiond

ICAD (Tt somal Civil Aviasion Admini iom) ;ﬁm@mlifﬁpmmmﬁ[ﬁ.
I (Infermational Slarinme Tamseron: Goods) | special Provision 2338, Sos conmants.

Commmemis:

B eal load-acid batherios are clyaified 2z “nom-spillable” for the purpesa of trampartation by DOT, amd
IATATCAD as msnlt of passing the Vibration and Pressums Driffarantial Test desaibed in DOT [49 CFE. 173159
{d}] and TATATCAD [Special Provision A5T].

B seal lead-acid batheries can be safuly transported oo deck, or emder dedk stored om withar a passemger or cargo
weisel a5 manlt of passing e Vibmton MPmmmemmmﬁﬂmm

T transpost thews Tt a5 “mon-spillable” ey 2wt be shipped in 2 conditien that would prosect Sam fom
whort-circmts and b secorely packaged o as o withstand conditions. nomeal o temsportton bry 2 consmmer, in or
ot of a devica, thay mm_:ulmnd.'ﬂm.rmmgn.eﬂ.m-:nd special bandbing or packaging.

For all medes of transpentation, each buttery and omter pacicage o labeled “NON SFILLABLFE per 48 CFR
173.15% {d). If yom repaclimpe our batveries either ss batteries or a3 2 component of another prodoct yon muost
label the omier pacimpe “NONSPILLASLE™ per 48 CTR 173139 (d)

e [PAATEITE, -
Yormos L1H-4 2

Fig. A.1 Cont. CSB Seal Lead Acid Battery Data Sheet (4 of 4)
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J'l'uch i B | Pape Fib MEmir

Material Safefy Dafa Sheet for

All Optima Batteries 1001711 | M | 10f5 |MSDS
N_sarTinirs | battery
Bi EIMEEA P BT L R
[HE0E Me
L BA
Dhirte sl
Fab. 20, 1330
Dhirte (R vt
Ot 17, 2011
Charrical’ | nete e (oeiilty L on bl Charrical oyt sbon HKIS Rab 'WSEHE'!.
Sealed Laad Ackd Batberyl OPTIMA BATTERY e Electric Storage Battery Leaad Acid oo
.l For suifunic acid 30 2
oyl P L I Fi i OO, LATA o IMO Dascripiaon
Sealed Laad Ackd Bathery Hon-Spillable Battery , Exsmpt from UM2E00 Classificabon
[= pany MaTa Akl e
OPTIMA Batierles, Inc. S7a7 N Green Say Avenus
Dl ko ot Dupatrsessl Milwaukss, ‘Wl 53203
Whiodly- owned subsldiany of Johnaon Controla
Ini.
CONTALCT TELEFHCOKRE MUMBESR
Cusiions Conoamifg MSDS I}EF
OPTIME Batterles, Environmental, Haalth & (B0 333-2227, Ext. 3138
| Sately Dopartment
T pustation Erread g 24 Hours: {BIII[ 4A24-5300
CHEMTREC Intsmational: 527-3887 [Col

ROTE: Tha OFTIMA caaked lexd 20id balfery o concldenad an artlols ac defired by 28 CFR 1810.1200 © O3HA Hazard
Communisation Standand The Information on thic M3DE Ic cupplled at ousiomers equect for Information only.
I Hazamicue Imgredianis

8 b 5 by AL GRS Mum ber &!Hﬂurmm Uit

OSHA AL HH IS
PFEL LW REL

Seadic Claraoil by E2H1 T B) s 150 g 100 e

Lead & lead compounds

el Clharaoil Sty ir - TR 1Egk 02 =g 1 -"-_-'\—J

Sulfuric Acid (35%) | i g

Gommos ama Dorich: Trmlion)

Battary Electrofyts {Achkd)

Caffimsh MNafa 28 0T - — -

Ciasa Material Polypropylens

Cormimeh Nafa 14 BERT-17-a - - -

SeparatlonPaster Paper Flbrows Glass

HOTE: The contents of this product are foxde chemlcals that ans subjact to the raporting requirements: of
section 302 and 313 of the Emergency Planning and Community Right-To-Know Act of 1586

[4DCFR 355 and 372).
IiL Physical Data
Mt orim o | ol fecd rl b bl e Speiiaien il Uded
250lld_=Liquid mtargra-a-um;mmqmammmm quid
Eicelling ot [t T80 me HY) Matng Pant acidic odor. Achd saturated lead oxlde
Lead 1765°C Batt. Eisotrolyis | Laad 327.4°C haa reddlsh-brown to gray solid with alight
Aok 11-112°C acidic osdor.
Sewdle Grirely H0 =1) Winpod Pressoie Biimm Hg el 20°C] 21PEI0)
Battery Electrolyis |2chd) 1210 - 1.300 Batbary Elecirolyts (Ackh) 11.7
‘il Dby (5o =1 Sobubiily m HO
Biattery Elecirolyts (2cid) 3.4 Laad and Lead Dloxida ars nof solubls.

I: Battary Elecirolyle (acid) ls 100% sclubls In watsr.
T Vol Oy WL Evaez o 1atm |E2t Scetsde = 1]
Nt Desfarmnl mesdl Mot Dl smninsd

Fig. A.2 MSDS for All Optima Batteries (1 of 5)
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J Titha: Dim: Hrw: | Fage: m BT TH
Material Safety Data Sheet for
All Optima Batteries 101711 | M | 2ef3 |MSDE
,'..:n_m:m.. battery

Iy Haalth Hazard Information
HOTE: Ureder neamal condiione of ues, thic produat doss not pracant a health hazard. The following Iinformation Ic
provided for babiery sleobrolyts (aokd) ard e for axpocurs that may coour during batbery production or sondainer
breakage or urder axtreme heat condRlons cuoh ac fire

RCUTEE AND METHODE OF ENTRY

It ladon
Aold mict may be generated during bathery owsrvhanging and may causs recpdratory Irttation. Seepage of ackd from

brukan bathssisc Inhalxtion & ure In a gorfined ansa.

B Cortiaed

Battery slsobrolyie [acid) can oauce cevenrs Imiation, bune and wosraBon.

i Al ipbon

Zkin abcorpdion Io not 3 clignMaant rowks of sy,

Eva Contasl

Battary slsobtrod vt [aold) oan oaucs cavers [rmiation, burne, and Gomes damags upon sontaok

I rgslion
Handc sontaminated by ccmtaot with intsmal componants of & babisry oan ocauce Ingacticn of leadiesd comipounds.
Hanidc chodld be wached pricr bo sabing, drinking, or cmoding.

SIGME AND SYWFTOME COF OWVEREXPOEURE

o0 s

Aoute affects of overaxpocure o lead compoundc ars G (gactrointectinal] upest, loce of appatits, darrhes,

sonctipation with cramping. difffoutty In cl=eping, and fatlgue. Expocurs andlor contzot with batiery sbeotrolyts (20kd)

may lead fo souts rtaton of the ckin, cemeal damage of the spec. and britation of the mucous membranss of the
anad radory & Innluding |

Chioni: Eflec

Laad and e ooMmpoUunas may Sascs shronlo ansmis, camags b0 ths Kneys and nervous cyciem. Lasd may aleo

SALGS MPIrUOUstys Gyoitem damage and can affecd deweloping fetucas In pregnant women. Eabiery &obrodyte (2o

may kel 10 ComTing of the omaa, shronko bronohitic, ac well ac sncclon of tooth enams| in mouth Greathsrs in

repenisng SEpOLEUNsG,

POTENTIAL TO CALIEE CANCER
Thee Maticnial Toxkoodagloal Program (WNTF) and Tha Internatioral Ageanoy Tor Recsanch on Canoer (BAC) hava
olaccified “ptrong Imcrgands ackd mict somtaining culfuric a3old™ ac a Cabegory 1 carsinogen. 2 cubctanos that bk
sardrogenlo fo humans., Tha ACGIH hac olaccfled Scirong Inorganio &oid mist sondaining culfuro 20d ac an A2
oardrogen [cucpartsd human carvinogen). Theca olacsMoations do not apply to Niguld forme of culfurio scld or
sulturio sodd colutions contaired wihim a battery. Inonganio aold mict [cufuri ackd mikcd] e not gersrabed urder
mrrn.n::u of thic producl. Micuce of the producd, cuch a¢ cwershanging, may recult In the generation of culfurio
anld

The2 MTP &nd the ARG have chceed lexd a6 an A2 caroinogsn (andmal caroiresgesn). Whilks B agent G oarod reosgeriie
Im axperimenial animaic ot relattesly Righ cocac, tha agent 16 unllksly b0 CMscs GEN0EST In HUMAanG sooapt undsr
wrreornmanly high leveds of sxpogure. For hartheer Information, cee the ACEH"s pamphilet, 7556 Thrashold Limit
Valyas arnd Biokagics’ Evposure feofoes.

ENMERGENCY AND FIRET AID PROCEDURES

I+t
H;m-“ il for product undar normal conditicne of uce. However, IT aold vapor Ic resaced dus to owsrohangisg or
abuscs of the battery, remoye aapoced paneon bo frech air. If breathing Ic diMoult, coygsn may be admiinicisned. 1t
mahlmm:h:vppm. artificial recpdration chould be ciarted Immediaisly. Dok macoal aftsntion mmediatey.

Emu:ummtumadmmrmntmmnmﬂ ponditiong of uGs. However, If aold contaobs Gkin, Much with waksr

anid milid coap. If Imiation devedops, ceak medioal atienton Imme-diaisdy.
WU

Expoture not axpecied for product under nommal condiflons of uee. However, 1T acld from broken batbery cace enterc
ay=c, Buch with wader for at leac 15 minutes. Sesk medical attention Immediatsiy.
It
Hgl;-mhdmh phycical form of Anlched producd. However, I Inkarnal componenic ans Ingected:
Laadilaad compounde: Concwl a phyclalan Immssdlataly for medical atenbon.
Battery Elsotrolwe [Aold): Do not Indues vomiting. Fafer to a phyclolan mmediaisty for medical stbandion.
MEDICAL COMDITIONS AGGRANATED EY EXPOTILRE
Irscogaania lead and e compownde can ag@ravaie ohronke forme of Kidney. [Pver, and neunckoglo dicsaces. Coniacd of
batiery skeobrodybe (aold) with the ckin may aggravabs ckin dicsaces cuch 2 eozema and contaot dermatitic.

Fig. A.2 Cont. MSDS for All Optima Batteries (2 of 5)
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- e
J'l'utl: Dhata: B | Pupe Fils Mismi

Miaterial Safety Data Sheet for

All Optima Batteries 101711 | M | 30f 5 |MSDS
s _| battery
. Fire aind Exploclon Data
BTN o Aulssniion | empealise P laaTTeaiee LETiss 1B, & Dy vol
Hyropen - 255°C | Hyerogen Seeec Hydropen LEL - 41 UEL -742
St g Media
chemical, foam, or CO,

il Fire Fighiing Procsdi e
Uss poaliive pressurs, ssif-contalned braathing apparatus.
Ut Fiie i Exploasen Hitaid
The saaled lead acid batiery ks not consldarsd Nammeable, but I will bum | Invobed In a fre. & short
clrcult can al=o result In a fire. 2cid mists, smoks and decomposttion products may bs produced.

Remove all igniton sources. Cool battery(s) to prevant nuphurs.

V1. Rexsoiivity Data
= CroriBo il 1o Saokd
O Unstabls B Stable Sparks and other sources of ignition may ignits hydrogen gas.

reompel lnify |aledeks D aeeoed]

Leadfiaad - Potaesium, carbidas, sufidas, uhdes, phosphones, sulfur.

Bathery yig [acid): CWM.WMM.MMB.M
| organic materlals, chiorates, nitrates, plersies, and fulminates.

Haaido Dicss ponlien Produc

Lead'l sad compounds: Ouddss of laad and sulfur

Battery slectrolyts (acid): Hydrogen, sulfur dioxide, sulfur tricedds

Haaidon Pobheribeon o 1D Syied

H Battery o will raact with water fo
O May Occur B'Wil Not Occur pr?nmm Can react with o ﬂ,,g[“ﬂ“]m“w“
VIl Gontnol Meacrns
E-figirn g 1 oo
Stors sealed lead acid batieriss at amblent temperaturs. Mewsr rechargs batteriss In an unventilated,
enclosad space. Do not subject product to opan Mame or fire. Avold condtions that could causs ancing
Datwean barmilnals.
B e
Do niot carmy battery by terminals. Do not drop battery, punchars or atbempt fo open battery case. Avold
contact with the Infemal components of a ]
FERELMAL PO TECTIVE EISUIEMENT

Faspisony Protecion

Hone naguired for nomal I‘la.l'll:ll'lg ﬂhl‘lal‘lﬂﬂpﬂ:ﬂ.l-:t

E [T

HT;HI'WJII"E':I undes for finkshed product undar normal conditions of uess. I neceesany to handls

broken product, chemical splash gogples ars recomimended.

Hiires, Arfre, and Body

Hons Ired For nonmial Randl mnmmﬁmmimwymmammw -

coated, .gmmwﬁmw Izh & recommendsd.. !

-_Wu- -wrmiw“‘mlmﬂum Z 411 - 1551 |a recommeandsd when It In necsesary
footivaar A=

to handle tha nmrg-m

Wiil. 3afs Hanolng Precaussons

Hyaeim Fintom

Wash hands thoroughly before sating, drinking, or smoking afisr handing batsres.

Proieciyve Massides 10 ba [aben Dud ng Mon-Roubnm | s, |fedolfg Sl Manbefascn

Do mod camy battary by tsrminals. Do not drop battery, puncture or attempt to cpen battery case. Do nod
subject product be apsn Nams or ire and @vold situations that could causs arcing betwesn ferminals.

| | EFILL OR LEAN PROCEDURES

Fig. A.2 Cont. MSDS for All Optima Batteries (3 of 5)
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T'hida: Ihiw: Hire: | Fage: Fiks Mmrma:

Material Safety Diata Sheet for
All Optima Batteries 10717710 | M | 4efs (MSDS
[ sarmiais | battery

I B EEIE A FEEE

H s e Moo 1 Da | aan 1 Beledial b b elsaiacsd o Spiked

Remave combustinle matertals and al scurces of lgnition. Avold contact with acid materiala. Ues
sika 3a8h, baking sods of lims to neutrallzs any scid that may be relasssd.

If battary I= broken, wear chamical poggles and acid-realstant gioves for handiing e parts.
DO NOT RELEASE UNNEUTRALIZED ACID!

Filuml al Ml

Elsctrolyts jAckf): Neutrallze 35 abovs for a spill, collsct residus, and pacs In 3 drum of
8 contalngr. I:DEB-FFIGHB-EH'-EB 3 hazardous waata.

O HOT FLUSH LEAD-CONTAMINATED ACID INTO SEWER

Send spent of broken batterias fo a lead recycling faciiity or smelter that follows applicabis Faderal,
State and Local requiations for noutins disposlion of ﬂwmwﬂ. The distribwrtor §
u=ar I2 responalble for assuring that thess “spant” or gries are dispossd of In an
snvircnmantally sound way In accordance with all reguladions. OPTIMA batterias ars 100% recyclabls
by any llcensad reclamation operation..

i ﬂtﬁ_
%’

RELTELE

| SUPFPLENENTAL INFOSRATION
Proposition 65 Wamilng | Callfimila) Proposition 85 Waming The skl of Calfomnis has lsted l=ad a5 3 materis
roan b0 DS CARCET OF CAUSE reproductve Rarm (July 9, 2004 Caifomia Ust of Cremicals Kniown b Cause Cancer or
Raproducive Tosichty) Batiery posts, feminals and relabed sccessones contsin lead and l=ad compounds. BaxBeries also
ioiain it chemicals known o the Stale of Calformia b cause cancer. \ash hards after handing.

TECA Reglziry: Ingredients Isted In the TSCA Regisiry are lead, iead compounds, and suifuric acd
Transportsfion: Sealed Laad Ackd Baftery ls not a DOT Hazardous Maberial.

Oiher: Par DOT, IATA, 1oAD and IMDG nulse and regulaions, thess batieres are sxempt from
“UM2E0C classification as a result of succesaful completion of the Tollowing tests:

1) Vibraton Taats

Z) Pressure Differantlal Tests

3 Case Rupturing Tests [no frea liquids)

U5 MILITARY HATIONAL STOCK HUMESER (HSH)

Mods Humber PrH MESM
24TE S004-003 E140-01-374-2243 E120-01-457-4330
3 S002-002 E140-01-37B-8232, 6180-01-253-1952
340, SE-121 [ o B o=
2 3008123 £140-01-534 5458
25 BIFS-160
35 SOa0-164
525 i g ]| 5 140-11-4 755561
I BOTE-109
G ~ 10 L] SUiLHES E1a0-01-drerad 14
DEGR IR A1M-767
S5E - S50 [IDC
L&A HT1-167 £140-01-525-6588
D5iR BT 167 5140-01-535-TZ26
L35 S040-218
Lhi 2o fi iz e ]

32|Page



Fig. A.2 Cont. MSDS for All Optima Batteries (4 of 5)

J?’".ﬁl: Da: [T Psp Fila Mams
Alaterial Safery Data Sheet for
All Dptima Batteries 11711 | M | 5ef 5 |AISDS
[ sarTiaiis | battery
D34 ECH:E—-ZIE' 5140-01-450-0141
D34iTE S014-045 E140-01-441-4272
CE7F =127
03T B0S0-160 E140-01-457-54F40
D31A B051-160 E140-01-502-4973
34M S00E-00E 6140-01-441-4260, E140-01-526-2605
[BELTT) 016103 E140-01-475-0355
O 27127 E140-01-580-DE22
D3 M S052-1E1 E140-01-502-4405

Dicalalmes: Thic informetion Rac basn oompdlsd from Gownost conckdemsd o D dependable and b, to the bect of cur

Erowiedos and belkel, anoarate and redlatbdes ac of the dabe gomiplisd. Howewver, o reprecantatiosn, wamanty [aither
suprech o Implsg or guaranbess o mads T0 e aocursoy, rellablity or coenpletsnsce. of the |nfoemmakion oot ined
hieraln. Thic Infoemmabion relatac to the cpsalflo maberial declgrabsd ard may not be walld for cwah mabsrial vesd In
oombination wih any othar materialc or In any prosscc. R 1o the uscer's recponciblify o caticty himcslf ac o Te

sultablify and compleisnscs of thic Infomaticn for hic own partioular uee. We o not acoept llabIRy for any GG or

damage that may ooour, whether direot, Indiresd, incddental or sonesgue miial, from ues of e Indommation.

Fig. A.2 Cont. MSDS for All Optima Batteries (5 of 5)
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Tenergy Corporation

436 Kalo Terrace

TEN ERG Y Tel: 510.687.0383 FFI;: 510:7?&3?

aoeen lemergrcnm emall: walndterergy.com

Section | - Product Identification and com undertakin

Produxct Nasne : Nickel Metad Hydnde Batiery

Teade Nume :HFR

Chemacal System : NickelMetd Hydnde

Noeneal Voluga: 12V

Desgpragad fof Rechasge X Yeu _ No

Telephone No, s S10-6370358

Fax 251053703238

Compary and Addecis 1436 Ka Terrce, Fremont, CAMSI
Effecenve Date :Jan 012015

Section Il - Hazardous Ingredients

IMPORTANT NOTE: The peaduct 5 & masulictwrad aricle @ deseribed in 29 CFR 191001200, The bettery el
o containad = 3 hermctacalhv-sealed case, dognad o withiind lemporatuncs and prosuees eacountored durng
soeread wie. AS & reul Surssg noomal wse, hazardous mualerals are Gally contened umade the Batlery cell. The
Battery cell dhoudd not Be opened or exposed 10 hest becsuie exposase 10 the fullowing ingredicnts contancd
wilun could be hoeweful under soene Groummlances. The following infomaticn s peovadad for the wer's

stformutaon oady.
[ Chamical Name TAS No. OSHAPEL ACGIH TLV
(g’ (g’
Nickel (powder) 7440-02-0 TWA 1 TWA
Nichel hydrosice 12056437 1TWA —_1TWA
Cobar 7440434 01TWA Dust & Fume
0.005
WMangarese TAI-E Fume: 5 Dot 5
Caiing Limd Fume: 1
Lanthanum 7430-91-0 NA NA
Cerum 7440-45-1 NA A
Neodymium 7440-00-2 NA
Potas sium 1310-58.3 NA 2 Ceding Limt
___ydroside -
|_Sodium hydraxide 1310-73-2 2 TWA 2 Caling Lima
| Lihkan hycherdtle 1310652 NA NA

The infiesation wnd roccrmendadion st forth are made in good Gl and belicvad 1o be scourae & of the &ite of

preparataon. Tesergy Corporatica. malics no warsanty, expecticd of iepliad, with sespect o Thes mnfoenaion snd
dsclaiess all kubditics from reliance cn &

Noles: 1. Concentrations vary depending on the state of charge o discharge.

2. TWA & the ime avefage concentration over an &-hour perod.

Section Il — Physical Data for Battery

Meting poirk (F) Boilng poirt (F) % Volatle by volume
[ NA NA - NA

:raﬁmncmﬂm Evagoration Rate Vagor DN:W(HH)
[Spediic Graviy (HA0) | Solubiky In viaier Appearance and Lol

NA NA No Odor

Spechications and Sats me satiect 1o charges wihas motice. Contact Tenengy for lfest inoeration.

©2015 Tenengy Comporution All rights seserved. Pige 2015

Fig. A.3 Tenergy Nickel Metal Hydride Battery MSDS (1 of 4)
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wyy Tenergs s emal: s reryy.om

Saction IV - Fire and Explosion Hazard Data

Flash Point: MA  Lower Explosive Limil: 54 Lipper Explsbse Limit NA
Extinguishing Mackic Any ciass of exingusing medum may ba Usad on Tha battaes of e packing
al

Spacial Fire: Fighting Procedunt - Exposuns (o bemiperaires of abdéyve 212°F can causs wainiing of he bguid
shaciroiyte

e nial . ol Gl D3 ool T Theare b podiential Tor ecepadsie 10 broen, mckal,
m meak fooriam, mm r-m:.ﬂmmm Praseodprium], manganess, and auminam
fumes durimg Ting; wse seil-coniangd Meathing apparans.

Section V - First Aid Measures

F oleciroliie akago onours and makes cona o with skin, wash with plenty of walor mmiedialok.
I lecirodyin comies nio conlad with ees, wash with copous amounis. of wa ke §Reen( i Smrles, and comadc
& plvgsbsian.

Section V] - Health Hazard Data

Thineshakd Limit Yakatss Sea Sacton I
Erh:h-l:ln wmm

nrmial use inhalaiom B amuniloely noue of exposone dus 1o conizinment of hazardous
mun-.m-m Catiery casa. Howedr, Shindd (he baferes b opicsd 10 SOrama Ml of pressures
Cansing & bieach im the anery ool case, Sxposung o ihe consiems may oocwr. inhalation of cobak dusis.
My resull in pulmonarny condiions.
Ingestion 1T ihe Datery cass & breached in e dgesive irac, T decirokde mey s Il ed Bums.
Skin Absorphion. Mo evidenor of adverse efects from available daia.
Siin Contact Expotung io e akscirnkte containgd inskie e bamery may nesull in chemical bums. Exposun
bl MECkE iy Caid Jema il in S sensiive indedduats,
Eye Coniacl: Exposure b i slkonalyie coniaingd inside the babery may sl in sevem imilaton and
chemical bums.
The informaiion and mecommendaions sei fonh ane made in good faith and Delieved 0o be Jocuran & of the
daie of pregaraion. Tenengy CoOrponaion. Makes no warmany, Expiesshd of impled, with respect io his
infiormaniion and disclams all labilles from reianoe on i

Cancinogenicity:
mmmumhw;m;mnm|uwmmm ]

CarCinogET.
Ot ENacis of Fapeaied (Chinonic) Exposung:

Chionic Ceaaii pasiing i nackel may resull in cancis; dermal Contait may Fesll in Sermallis in sl
individuak.

Mgl Consilon Agoraaned by OwvEnesposun
A inoviedge of e avalable ocolegy infomaiion and of the physical and chemical properies. ol
thit material SugoEsts Thal Oreneossung in unliely 10 aggravaie exising medical consitons.

Emergency and Firsi Aid Procedunes:

Swanlloeing: Do NoE iRduis vOmilng. Sk midl anenlion immaediaioly.
Sidrc 1T i indernal ol makeiaks of an openied babery oel comae o conlact with te sidn, mmediansly fush
el et Mol ol beaest 15 ninilies.

Spacificaiizm and coin e pasEs o charge witas s . Doacs Teegy for s isfcrmoion.
o0 Parmrgy Corporabion Sl ighls, ressermes Fage 3 ol 5

Fig. A.3 Cont. Tenergy Nickel Metal Hydride Battery MSDS (2 of 4)
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TEﬂEHE'I" Tel: SH01667.0388 Faoe: 51i1£:'£?m:a

mwww Tenprgscgre amal: sk erenygy.om

Imhalatan H poiental for eaposune 10 fumes oF dusis OOOUS, RETeE immedaisly 10 fresh ar and Sk
imedcal anenion.

Eyes: W h Loneime /T an opimed Eanary Coims mid coniad with the e, immaedaely Tiush eyes wih
Wl b oot reaesly for ot el 15 manunes. Sk mebdkcal e,

Saction VIl - Reactivity Data

Thk balieries ane Siabke under nommal cpaeraing condiions.

Ha Tardoie Sokynadrizalon willl Pl Do0iir.

Hazardois daosmiposilon products: moades of rckel, cebal, manganese, lanthandim, and oeium.
Condilions 10 avol: heal, open lames, Sparks, and momsiue.

Ponemiial incomparitd Ebes (e, maneias o a0k el with): Tha ok ang ereasd i 3 M-

PEactivie Container, howaver, I e conlaingT i broached, aeod conlact of bamsry COmpomants wih
acids, pdaledes, and Carbamais Compounds.

Saction Vil - Spill and Leak Procedures

Spill el aks ane unlioely Dbt s oS G CONCaingd in o harmatcal- seaked Cadd. IF 1 Damery i 5
braachiad, dom prokcive dothing Tl s impendous 0 caisie maleriak and absorh o pack spll residoes in
et material. DNepasa in ecoordancs: wit appicabls siake and federal regulaions.

Section VIX - Safe Handling and Use {Personal Protective Eguipment)
“wienilaion P uinemis: kol regpdned Under noimmal uss.

Tha informiathon and mcommandaiions sl fonh s maede in good faih s bl b b aocoras @ of the
date: of preparaion. Tenangy Comporaion. makes no warmnly, Espressed of impled, with respect o this
rdermaiion and dksclare ol ki from redianoe om i

R spiraiony Proksciione Mo meagisingd wmces reoimal LS.
Eyu Frofocikn: il Toeguired| LndGT DOl LS.
Gliwis: Rhol oy iieed Lrechar nodTnal i

Saction X- Precautions for Safe Handling and Use

Sioraga: Sione i ool plaoe, bl prersenl condensaian on ol oF batlery iaminak. Elraied temperaire
iy resull im neduce bamony W, DRl SO W6 peralines. s batwsan -31°F and 95°F

Mechamical Contammant: F thire an $poecial encapsulsions of 3 oaling rejuinemaents, oonsull wour Tenargy
IO SR T [ Mol 8 boial possibbe ol hazard procailons oF Emitaions.

[~ : drrinenial shion it will bring high iemgeralure ehvalion 10 the Banery & vl s Shore he
Dty B s 10 @viokd profonged s horl Sincuil Sinos e heat can b anendani Siin and &aan ripin
of ihek badory ool cass.

Bameries paikaged in bul containers Shodld nod be shaken. Mol covered [abdos or i ied fof sesembly
of balienes o dreices cam D the sounce of shorl CircullsC apply insulaling material i assembly work suiace,
I soddirivgg OF werbding (o e Case of i Banary is reguined, consall pour Tenergy Corporalon. reprasan atve
fod propaT prodautions b provent seal damage of axismal shor cincul.

Speoificaiom snd cain e peoEd o change winas ootice . Taaac Teengy o iest ivfcemoion.
e Parmegy Corporabon Sl ighls, saserass. Paga d ol S

Fig. A.3 Cont. Tenergy Nickel Metal Hydride Battery MSDS (3 of 4)
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TEfJEHE'I" Tal: 506670082 FF;:: 51;:;9;322

werw, Tenprgecgre armal: sk tererygy.om

Charging: This bailery & dessgrad for rechargeg. & e of voltage and capacily of Dameris du 0o sk

dEcharge during prodonged sion i5 unasvoidabie. Changie Ea baafioe . Obsanar this s peoified changas
raimrigturmnmﬂuﬂq:rhnhﬂmgumm achy Miary ressull in damaging heat
gereration o ol rupiune andior wenling.

If novmmal label waimings ane nol wsible, I & impomant (o ot & dirdans label st ling:
CALUTION: Do md SSposa in ing, mix with ot habery Types, change above: Spaifed raln, oo

WTEropEry, o Shoit P, whech may resull in casitelating, axplosion of kakage of ool contenis.
Section Xl — Measures for fire extinction

Imcasa of fire, i S permessible o use any of exlinguishing madiem on hase balores of thesr packing maborial .

Cool axierior of Bafleries F exposed o fine i proven buplune
Fina Tighters shodild wisar Sol-oonisned breathing apparans

Section Xll = Ecological information

HA
Section Xlll - Recycling and Disposal

Temergy SNCourages batiery necycing. Cur Mickel Meial Hydride batienes ang nod defined by e edernal
JUwETITE 35 Fazordous washe and are sals for dispiaal i the normal mirscipal wasie sineam. |,

DO MOT INCINERATE or subjec Bafieny oills 1o ismperaianes in st of 212°F. Such Meaimant oan Cos
ol napiune.

Section XIV - Transportation
Temogy saaled Niciod Mol Hedide Batenios. ae obngdintd 10 B “dry oHl® bafenes and av ol Subject by
mﬁjmmwmmmuyhuammmeﬂmmn.
Hﬁ Chal Asdation Organization CA00, the inlematonal A Trarspor Association (IATA) of Tk
Iniernational Manibma Dangerods Gobd rigilalons (1MOS). Mon arlormaion ©ofciming shi pping, sing,
nmp:'ﬂl ot b pbviabread Treoem Labasbmarsion ab hing:ifessss labaim aesior oo, [AT A
DAKNGERCLUS RECAUL ATROMES 4-123 EDITION S5 20ME & IMDO reagiives thanl Balleris being
ransporksd misl be prodecsd from shor-crring and protectsd foom mossment hal could Bad (o shot-
circulling.

Thinformaiion and mcommendaions sal farnh ane mase in pood taith and bHisved b b aocarats & of the

daie of preparaion T Conporation. Makis o Wiy, S o impisd, with respect io his
rfermation and sl ol labdlees from relancs om i

Section XV - Regulatory Information

Spercial redquinemienl b acoonding o the kecal egulatony
Section XV - Other Information

Trex data in thes Material Ealery Daia Shes mixies only 10 the specilo maienal doseg naned Fren

LSpacificaiizm and cois e sas@s o charge winas wice . Tovac Teeegy for i miormsison.
B0 Farmegy Corporabion. S nighils sassr-medl Paga S ol S

Fig. A.3 Cont. Tenergy Nickel Metal Hydride Battery MSDS (4 of 4)
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EVH 12240 » 12v 2

BATTERY (&)
EVH 12240 (2™ generafion) |5 desigred speda ':. with Iﬂ:r!ms:
Cyce peEriormance and ne t:."r.|'11 previous genarations
miaciric wehicles applcation. It has Righ crcing He, high EI'I'IDE'1I:|-
and long sEnvice e,
b Specimcation

Cells Per Unkt E

oltmge Per Unit 12

Capacky 244h i 20hrmte i 175V per oel @25 T

Weigm Appro. 7.55 kg (9554 s

Mewiimaam Dlschange Curment AZAISEE

Internal Fesistance Appmoo. 3 mij

Cperating Temperature Range Discharge: 15T ~507( 5 F~122F)

Charge: -15 T~40T [ 5F~IKT)
Saorage: 15T 407 [ S F~104F]

ominal Dperating Tempemiure Fange AT ITFESF)

Ficat Changing Voltage 135 I 13.8 VDNl Average at 2570 (7T

Fecommended Maximuam Charging TZA

Current Limit

Equalization and Cycle Tervice #4.4 I 15.0 VIHGuNE Awerage &t 25077 F) -

BesT Discharge C53 Batteries can be saoned for more than & months af ot B M e
ISCTTF). Fisase charge baferes before wsing. For Eafsres are L_recogred
hiigher bempershares the frie interial will be shorber componenis under LIL1SES,

Terminal [H-Thread kad alloy recessed eminal o aoospt WS boit

Container Materdal ASE(UL 5 HE) & Fammablity reststance of C5E Iz abo cerifed by
UL ST ) can be vl Esbée Lipon nequesst 5 5001 and 30 14001

B Dimenzlons - Owerall Helght (H) Contalner hedght |h Length L} Width (W)
Linit: mim {Inchi 1701 (5.6 20.04) 17041 (EE92004) 15122 [7.12:0.08) TE.21 302004}
- ° bzl brama — e
E — ﬂii; “,_-; ‘ ep——— 1
o i =
o { olelelelele [
=)
TN T I
g | repmy |mape g
Constant Current Discharge Charactenisties UnitA (25°C .77 °F)

Eymme [ oowiy Teomm Toownw ] oo T sir T anp T sir T eie T vons T 200k |
LEDY 259 177 120 103 LED cgd | aps 3ie | 2=7 131
167V 20,6 17.5 129 10.2 744 5.83 4.78 315 2.56 1.30
170V 204 174 i2E 104 L& s | af7 3jda | 2s=s 139
L75Y 291 17.2 127 10.0 1.32 574 473 309 252 128
LEDY 252 7.0 izs | oos 7ie | 3Es 454 306 | 249 137
LESY 7.0 152 115 1| o=s gas | gas 447 Ziai 234 117

Constant Power Discharge Characteristics Unibw (255 . 77°F)

AL JONIN 1 SOBIE L SOMIN . ZHE ZHE | 4HE 1 JHR EHE L 1OHT § ZOGR
160V 346 208 154 123 a9 | ea8 | see | 383 | 314 16.2
LETY 343 207 is3 122 g7 | sug | =75 3.1 32 151
L0V 347 26 i5z 12 E7o | 50 E74 30 | 3ig 150
L5y 333 25 i1 120 E7: | sma 550 e | a7 150
1.80W 331 199 147 118 B:5.1 7.1 55.9 37z 3.3 15.7
185V 313 | 993 | sap ] 955 Vo gpo | 653 | 5ea | 369 | 2o | 454 |

Flatngs presanbed Fensin are subject bo mevislon withowt nofos. Piease refer bo g cob-batiers com o confirm e |atest version.
RA1410

Fig. A.4 CSB EVH 12240 Specification Sheet (1 of 2)

38|Page



12V 24Ah

AT

Cy3

Capaciny Refamnlion Charactanistic

- o . =
o [, T
ﬁ - \1" 1
il
i R I
# " 5, "
= - . o
g . E 3
ATy =T, i
.}
L
Dizega Pedad [Vott]
Teiekba jor Fload) Sarvice Life Sarins Cycie Service Life
i ! it
s Mgy i ]
g Lmwea ] =
£, N -
& o -
& = £
3 - el =
L '\\ i =X 3 b [=Y =
4 7=
o e
= "
4
ERE = =] 0 MA Ee BN RO CHE G0 M0 (R0 e e
Tenparnium {L) Humber of Cyrdae [Timaa)

Heltery Vollsge wod Charge Tima fnr\'.'rn'- lam

Termdnal Voitage (V] ard DWscharge Time

e BE
el eal ¥
el el E
* o -
o - T e |_"'.
R E 5
E - 3 La-T .
a - feasni ) -]
a o Eagh E -
e Eox = -
8 LE.lE ad E
O = et £
b .
T
: ] F 1 1 W
Chargs Tiswa (H) Cimzimrgs Thres (Blin
Charjplag Proceduies Dizchargs Coprand WS, Dlschage Wollags
Chape Wolage/ o) Fil Discharge: . .
Applicafon Vv T Camst i (| 1= 13
Targemre | DmFund | s fags Ve e :
Ty se 145 ] hene
0= 20HN] | RECeppas R W35
I . e Tm=am o 25N [2S2p 140 EECupils | MK
| Sales Office [ Rt AR Gt AE )
GLOBAL HO AMERICA HO EURDHFE HO

CSE BATTERY GO, LTO. (TAIWAN)
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Fig. A.4 Cont. CSB EVH 12240 Specification Sheet (2 of 2)
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Powered b
e GP 1272 »12v 7.2a8

GF 1272 s apeneml porposs battery up by 5 years in standby
saryipe or more than 280 cpcles at 100% dischangs In Cycie
saryioe. As Wi all CEB batisres, all ars rechargeabie, highly

efMciant, leak proot and maimsnanoe fros

= Specincation
Cells Per Unkt &
Violtage Per Unit 1z ®
Capachy T2AN i XOhr-maie o 1,75V perosd]l §25C (T7F)
‘ieight Approot. 24 kiS22 bS] ﬂ
Waxknum DEcharge Curem TO0AH S0ASses) e
TETalFEEaeE  Aporok 23 mid —»\l
Oipesrating Temperature Faange Discharge: -15"C-00°C [ B'F~122'F) -
Crarge: -15"C-40"C | 5"~ 10<"F)
Elormage: -15"C-40"C | 5"~ 10<"F)
Heomnineal Cperating Temperabure Range 25030 (T FEE"F)
Float Chaming Vottages 135 ko 13 3 VDCiunit Average ab 25°C (77°F) é
Tecommended Moo CRarging . 2964
Carrent Limit e
Equalization and Tycle Service 14.4 o 15.0VDCiuni Average ab 25" (77 Fl CEEranutsciursd VRLA,
ZEIT Dischanpe CSE Bamenes (an be siored for more than & monTs at A-coment Giass Mat hpe
25"C [T FL Please charge batheries befors using. For batieries are UL-recognized
higheer temperatures e time interal will be shorer, components under L1389,
Terminal F1i=2-Faston Tab187/250
Container Material BEEUL SOHE) & Flammabify resistance of \GSE 15 aisa cemed by
L o be avaliabie ot 1259001 and B0 12001,
- Dimenalons : Owverall Helght (H) Container helght {h) Length (L} WIER (W)
LInit: mm {Inch) 98 Fx1 5 (2.550.065) 04341 (37120080 15122 (5942008  64.E1 (255:0.04)

. Fa =
L T A -

. | [0 O 09,
| r:-fmm__l O O G =

Constant Current Discharge Characteristics UnitA (25°C.77°F

F.WITim# ENIN 10MIN | 1EWIN A0MIH | =IMIN | BOIN HE SHF BHR EHR 1IHR PHER
1.80W 35.6 20 16.5 0.E1 551 3.82 3.08 2.13 1.34 naz 077 045
18TV 331 210 159 9.36 341 385 3.2 Z.08 1.31 0= .76 0.44
izov | 5is 1208 T 756 [ eos 7537 TSm0 | 50 | 206 | w30 | ose | 075 | oas |

[ a7ev | 296 | 185 | 151 | 803 | 530 | 377 | 2 | 202 | n27 | o | o074 | paz |
1.80V 27.2 186 144 BT 523 371 2.91 1.98 1.25 1k 0.73 .42
174 137 B.44 1.5 ik 071

racteristics T F)

F.¥iTime SOMIN 3HR SHR 10HR
1600 360 245 183 108 44 71 7T 26.6 17.3 11.8 4.80 247
167V 340 x5 177 106 36 £5.4 7.1 26.3 17.0 11.6 o568 227

1.70% 3l 23 174 103 &3.1 8.1 62 262 16.9 11.5 9.54 2.23
1.75W 313 i 170 103 524 5.3 364 254 16.7 114 347 215
1.60% 25 213 165 10 £1.7 £5.0 58 256 16.5 11.3 840 207

TH5Y T6 | 20z | 158 55 BOH | 2423 | 354 | 252 | 164 | 11z | 928 | 48%
Raafings presenisd herein are subject 1o revision wilioul nodoe. Flease refer io wasw.cst-batery oo b confirm the kabess version.

RA1206
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 Cont. Optima REDTOP 75/25 Specification 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.

Density water (Ibf/ft"3) = 62.4
Density styrofoam (Ibf/ft"3) = 56.56
Sprint Mode
Components Weight (Ib) 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
Amount of flotation needed = 0.8 cubic feet
Endurance Mode
Components Weight (Ibf) 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
Amount of flotation needed = 1.4 cubic feet

The buoyancy calculation for the batteries is given by either of the following calculations:
Buoyant Force on the Batteries: 31 Ibs.
Utilizing six (6) of the CSB EVH 12240, each battery weighs 16.64 Ibs. and has a
nominal volume of 0.083 ft* (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 x 62.4 tb. =31.210b

. . ft3 = . S.

Buoyant Force on the Batteries:  52.6 Ibs.

Utilizing three (3) of the Optima Red Top Model 75/35, each battery weighs 33.1 Ibs. and
has a nominal volume of 0.28 ft* (see Fig. A.1. in Appendix A — Battery Documentation).

The following calculation for the buoyancy force on the batteries is given by
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lb.
0.8 ft> X 62.4 ]? = 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 Ibs.
lb.

Physical Properties for Inventor boat - solid

model
General Properties:

Material: {Water}
Density: 0.998 g/lcm”3
Mass: 2346.815 Ib,,.s (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°

Area from the Inventor Model: 14952.495 in?
Approximate Area for Calculation: 14,953 in®

Top Surface Area Calculated from Inventor Model: 5,046.797 in?
Approximate Area for Calculation: 5,047 in?

14,953 in? — 5,047 in?(neglect top surface area of the model) = 9,906 in?

1 ft?
9,906 in? x 14Iin2 = 68.8 ft2

Adding the thickness of cedar, measured at 0.25 in.
Boat length measured 17.5 ft.
1ft

68.8 ft2 + (0.25' X X 17.5 t)=69.2 £2
f M X1 m f f

Calculating for the Cedar material volume of the Hull: "Volume of Cedar = 1.43 ft°
Measured thickness of cedar: 0.25 in

9,906 in? x 0.25 in = 2,476.5 in3 L/t =143 ft3
, in“x 0.25in = 2, S5in® X 283 = b ft
Calculating for the Weight of the Cedar material: Weight of the Cedar = 33 Ibs.

Density of Cedar: 23 Ib./ft® *value given through Reference [10]
lb.
1.43 ft3 X 23 ]? = 32.9 Ilbs.

Calculating for the Epoxy material Volume: Volume Epoxy = 0.72 ft*
Approximate thickness of epoxy coat: 0.125 in

9,906 in® x 0.125 = 1238.25 in3
1ft3

1238.25 in3 x — = 0.72 ft3
1728 in
Calculating for the Weight of the Epoxy material: Weight of the Epoxy = 53 Ibs.
Density of Epoxy = 73.63 Ib./ft® ***yalue given through Reference [11]
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Ib.
0.72 ft3 x 73.63 ]? = 53 Ilbs.
Hull Weight before modification: 86 Ibs.

Physical Properties for Inventor boat mod -

solid model
General Properties:

Material: {Water}
Density: 0.998 g/cm”3
Mass: 2409.495 Ib,,.ss (Relative Error = 0.538063%)
Avrea: 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*

Volume from the (Displacement Hull) Inventor Model: 65070.225 in®
Approximate Volume for Calculation: 65,070.23 in®

Volume from the (Modified Hull) Inventor Model: 66808.170 in®
Approximate Volume for Calculation: 66808.2 in®

66,808.2 in® — 65,070.23 in® = 1,737.97 in®

Calculating for the Composite material of the modification:

Calculating for the Cedar material volume: Volume of Cedar = 0.22 ft®
Measurements taken from the modification: Volume of Cedar = 380 in®
380 in3 x 1ft3 =0.22 ft3
i X g ms - 022/

Composite material remaining volume: Volume = 0.78 ft*

Calculating for the Weight of the Cedar material: Weight of the Cedar = 5.1 Ibs.
Density of Cedar = 23 Ib./ftt  *value given through Reference [10]

lb.
0.22 ft3 x 23 ]? = 5.06 lbs.

Calculating for the Corecell material volume: Volume of Corecell = 0.75 ft*
Measurements taken during modification: Volume Corecell = 0.75 ft*
Calculating for the Weight of the Corecell material: Weight of the Corecell = 4.3 Ibs.

Density of Corecell = 5.7 Ib./ft® **value given through Reference [9]
lb.
0.75 ft3 x 5.7]? = 4.275 lbs

Calculating for the Epoxy material Volume: Volume Epoxy = 0.03 ft*
Hull Modification VVolume minus the volume of cedar and Corecell:
1ft3—0.22 ft3—0.75 ft3 = 0.03 ft3
Calculating for the Weight of the Epoxy material: Weight of the Epoxy = 2.21 Ibs.
Density of Epoxy = 73.63 Ib./ft> ***value given through Reference [11]
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lb.
0.03 ft3 x 73.63 ]? = 2.2089 Ibs.

Calculating for the Hull Modification Weight: Hull Modification Weight = 11.6 Ibs.
5.1 lbs. +4.275 lbs. +2.21 lbs. = 11.59 Ibs.

Hull Weight after modification: 97.6 lbs.

Calculating for the Volume of Hull: Volume of Hull = 3.15 ft*
143 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 Ib.ss (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 Iby,ss (Relative Error = 0.486784%)
Avrea: 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 b (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 1b.ss (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 Iby,ss (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/lcm"3
Mass: 0.323 Ibyss (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/lcm"3
Mass: 2.083 Ibmass (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/lcm"3
Mass: 0.407 Iby.ss (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/lcm"3
Mass: 1.181 Ibmass (Relative Error = 0.887189%)
Avrea: 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.

Client#: 4234 GENECO

ACORD.. CERTIFICATE OF LIABILITY INSURANCE ! T oats

THIS CERTIFICATE IS ISSUED AS A MATTER CF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER. THIS
CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES
BELOW. THIS CERTIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSURER(S), AUTHORIZED
REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER.

IMPORTANT: If the certificate holder is an ADDITIONAL INSURED, the policy(ies) must be endorsed. If SUBROGATION IS WAIVED, subject to
the terms and conditions of the policy, certain policies may require an endorsement. A statement on this certificate does not confer rights to the
certificate holder in lieu of such endorsement(s).

PRODUCER TONTACT

NAME
HDH Pittsburgh P&C PHONE . 412 381-7300 [az, noy 12 391-7322
210 Sixth Avenue, 30th Floor ML o5
Pittsburgh, PA 15222 L INSURER(S|AFFORDINGCOVERAGE |  Naice |
412 3417300 surer A - Travelers Indemnity Company 25658
INSURED INSURER 8 :
Geneva College Trustees e
3200 College Avenue NSURERD
Beaver Falls, PA 15010 -
INSURERE :
INSURERF :

COVERAGES CERTIFICATE NUMBER: REVISION NUMBER:

THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN ISSUED TO THE INSURED NAMED ABOVE FOR THE POLICY PERIOD
INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH RESPECT TO WHICH THIS
CERTIFICATE MAY BE ISSUED OR MAY PERTAIN. THE INSURANCE AFFCORDED BY THE POLICIES DESCRIBED HEREIN IS SUBJECT TO ALL THE TERMS.
EXGLUSIONS AND CONDITIONS OF SUCH POLICIES. UIMITS SHOWN MAY HAVE BEEN REDUCED BY PAID CLAIMS.

&Y [ADDL[SUBR ALICY EFF | POLICY EXE
i) TYPE OF INSURANCE AR [vD POLICY NUMBER ST ggwmrwm LTS

A | GENERAL LiABILITY Y6302920M248TIA14 10513112014 05/31/20185 sacH cccurnence 51,000,000

X| cCOMMERCIAL GENERAL LIABILITY

[BAMARRISEENTER o |5100,000

] cLams-mane El OCCUR MED EXP {Any one persor) | $5,000

PERSONAL & ADV INJURY 51,000,000

GENGRAL AGGREGATE 53,000,000

GENL AGGREGATE LIMIT APPLIES PER PRODUCTS - compriop ace | 52,000,000

POLICY Eer LOC $

AUTOMOBILE LIABILITY FFDMB\P:‘ED.§\NGLE LiMIT

ANY AUTO BODILY INJURY (Per personi | $
foy oo SCHERREEE) BODILY INJURY (Par accdent) | $
1 NON-OWNED PROPERTY DAMAGE
|| HIRED AUTOS AUTOS (Par accriani} $
s
UMBRELLA LAB OCCUR EACH OCCURRENCE s
EXCESS LIAB CLAIMS MADE AGGREGATE $
DED RETENTION S B
WORKERS COMPENSATION WG STATU- DTH-
AND EMPLOYERS' LIABILITY or e I
ANY PROPRIETOR/PARTNERIEXECLITIVE|
OFFICERMEMBER EXCLUDED? _[wra ECEac i L RENT &
(Mandatory I N} EL DISEASE - EA EMPLOVEE| §
 yes_describs under
DESCRIPTION OF OPERATIONS balow E L DISEASE - PQUICY LIMIT | §

DESCRIPTION OF OPERATIONS / LOCATIONS / VEHICLES fAttach ACORD 104, Additional Remarks Schedute, If more space s required)

CERTIFICATE HOLDER CANCELLATICN

SHOULD ANY OF THE ABOVE DESCRIBED POLICIES BE CANCELLED BEFORE
THE EXPIRATION DATE THEREQF, NOTICE WILL BE DELIVERED N
ACCORDANCE WITH THE POLICY PROVISIONS.

Evidence of Coverage

AUTHORIZED REFRESENTATIVE

| (\ﬁAM Y cmn
© 1988.2010 ACORD CORPORATION. All rights reserved.

ACORD 25 (2010/05) 1 aof1 The ACORD name and logo are registered marks of ACORD
#5577404/M497134 MNOQ
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Appendix D: Team Roster

Name Degree Program | Year Team Role

Bradley Alan Mechanical Senior Team leader, steering and hull
Engineering design

Ray Burns Electrical Senior (Graduated | Data acquisition and electrical
Engineering December 2014) systems design

Michelle Greco | Mathematics Sophomore Skipper

Tyler Harbison | Mechanical Senior Propeller design and manufacture
Engineering

Andy Klein Mechanical Senior (Graduated | Solar panel and drive train
Engineering December 2014) manufacture

Sean Pace Mechanical Senior Steering, motor testing, and solar
Engineering panel design

Matt Watson Mechanical Senior Gears, drive train, and battery
Engineering management

Dylan Weaver Mechanical Senior Drive train, propeller design, and
Engineering 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

U5-150CU5-150C U5-150C U5-150C U5-150C US-150C US-150C

S.NoDescription 01775 -01730 -01680 -01635 -01590 -01540 -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%

Voltage at Maximum

4 0525 (0520 0515 (0510 (0505 (0500 0.495
Power (vpm)

g |CurrentatMaximum oo 4490 4850  4.760/td> 4.680 4580 4.500
Power (Ipm)

g |Open Circuit 0625 |0.620 0.615 (0.610/td>0.605 0.600 0.595
Voltage(voc)

7 (Slrs‘g)”c"c”'tcu”e”t 5430 5350 5270 5210 5140 505  5.030

8 Fill Factor (FF) 0778 0775 0770 0765 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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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 0

that the resistance i

| of the resistors Fig. F.1 - CSB Endurance Simulation Testl
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

Fig.F.2 - CSB Endurance Simulation Test 3

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 Voltage v. Time

over time graph allowed for the 13.00

calculation of the constant
discharge power available 100 \
during use. Test 1 showed that 11.00

the battery was capable of an
average of 96.2 watts of power
for 105 minutes taking into 9.00
account that the batery was
brought down to only 11 volts.

Test 1

Voltage
S
8

Test 2

Test 3

8.00

It was assumed that a power 7.00

level near this value could be O 20 0 B0 B0 a0 10 0 160
maintained for the endurance fime. Min

competition. Taking into Fig. F.3 - CSB Endurance Simulation Test1

account that six of these
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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

Power v. Time

200.00

180.00

160.00

140.00

120.00

100.00 Test 1
80.00
60.00
40.00
20.00

0.00
0 20 40 60 80 100 120 140 160

TIME, MIN

Test 2

POWER, W

Test 3

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

average current

Test Overall Values Average Values
Time Energy [EndingV | Current | Voltage | Power | Resistance Valu? as \.Ne” as
: the time it took
LAl & Y & i o Ohm | for each test.
Test 1 105| 623.06 10.95 818 1178 96.16 140 The natural log
Test 2 141 534.41 10.98 5.32 11.85 63.18 2.23| of the time was
Test3 54 576.61 10.92 15.12 11.75 177.72 0.78| plotted verse the
Fig. F.5 - CSB Average Test Results 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 LN(TIME) V LN(CURRENT)
batteries based on manufacturers’ 3
data; as well as compare the actual . "—
test results to CSB’s data on the
= 3
battery. ! y=-1.0589%+6.9601
g 15 R?=0.9861 *
1
0.5
0
3.5 3.7 3.9 4.1 43 45 a7 49 51

LN(T)

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

Fig. F.8 - Optima Sprint Simulation Test
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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.

Sprint Power Budget

Batteries

Battery Impedance* B Z 0.003 Q Pull from Manufacturers Data

Nominal Battery Voltage  B_NV 36V Nominal Voltage

Battery Actual Voltage* B_AV 27.5V Approximate Voltage Under Load

Battery Current* B | 550 A Maximum Potential Current

Battery Power Addition B_Pgain 15125 W 20.28 hp B_Pgain=B_|*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 Q/km 00 Welding Wire Resistance

Length* W_C_L 1.83 m 6 ft Approximate Length of Wire

Wire Voltage Loss W_C_V_Lloss 0.14 Vv 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_| 275.00 A W _Cl1=B_1/2

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* Ce 0.98 Controller Efficiency from Testing

Controller Voltage Cv 27.36 V CV=W_CYV

Controller Current C 275.00 | Cl=W_C.

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_zZ 0.276 Q/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 27.22V W_M_V=C_V-W_M_V_loss

Wiring Current W_M_I 275.00 A W_M_l=C_|

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

Fig. G.1 Sprint Power Budget (1 of 2)
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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 |b P_Thrust =P_Pout/(P_vel)

Boat Velocity* P_vel 11.18 m/s 25 MPH Speed Goal (Inputin 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

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

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 16V Approximate Measured Panel Voltage

Solar Panel Current SP_| 4A 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_| 4 A MPPT Current (Entered)

MPPT Voltage* MPPT_V 24V 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 Q Battery Impedance as pulled from man. Specs
Nominal Battery Voltage* B_NV 24 V 3 Pairs of 2 Batteries

Battery Actual Voltage* B_AV 24V Battery Voltage Under Load

Battery Current* B | 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_| 28 A Tot_| =MPPT_| +B_|I

Wiring to Controllers

Wiring Impedance* W_CZ 0.276 Q/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 0.01V W_C_V_Loss=(W_C_Z/1000)*(W_C_L)*(W_C_1)
Wiring Voltage W_C.V 23.99 V W_C_V=B_AV-W_C_V_loss

Wiring Current W_C_| 28.00 A W_C |=B_l

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* Ce 0.98 Controlled Efficeny as Gathered from Testing
Controller Voltage Cv 23.99 V CV=W._CV

Controller Current C_| 28.00 | Cl=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 Q/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 0.01V 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_|

Wiring Power Loss W_M_PL -0.66 W -0.001 hp  W_M_PL=(W_M_IA2)*(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

Fig. G.2 - Endurance Power Budget (1 of 2)
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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 |b 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

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

R |

Fig. H.2 - Savitsky High Speed Planing Hull

Keel '
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Displacement Hull

Fig. H.3 - Hull Classifications: Displacement Hull

Semi-Displacement

I

—

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

Planing

Fig. H.5 — Hull Classifications: Planing Hull

; X Lenco Electric Edge Mount Trim Tab Kits
A 3 ' {No reviews) 2o the fst to Write 2 Review

Lenco Electric Edge Mount Trim Tabs make your boat ride smoother, drier, faster and with increased
safety whether on a small skiff or a large yacht. The Lenco ballscrew design is more reliable, three times
more powerful, and featuras instant response, making them very user friendly compared to typical
hydraulics.

Lenco fast response electric actuators are fully submersible with all plug & play waterproof Deutsch
connections. Edge Mount actuators mount at the trailing edge of the plane, requiring 4" (10.16 cm) less
transom height than Lenco standard mount trim tabs.

— $626.46 / kt
: TN STOCK - Not availzble for pickup

Fig. H.6 — Trim Tab Kit
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Balsa Core - ProBalsa 2'x 4' sheets
thickness 3/8in  1/2in 3/4in

Weight cost $31.28  $38.71  $48.38
Ibs. per cu. Ft. cost per cubic ft.
10 $7.82 $12.89 $24.19

Fig. H.7 — Jamestown Distributors Material Costs — Balsa Wood

1/8in. thick sheets

Corecell A500 2x4 4x4 4x8
cost $33.84  $49.09 $130.18
Weight 1/4in. thick sheets
Ibs. per cu. Ft. 2x4 4x4 4x 8
5 cost $47.11  $89.99  $158.08

1/2in. thick sheets
2x4 4x4 4x 8

1/4in 1/2in 3/4in cost $72.99 $154.04 $334.12
cost per cubic ft. 3/4in. thick sheets
$7.85 $24.33 $47.96 2x4 4x4 4x8

cost $95.92 $186.88 $336.66
1lin. thick sheets
2x4 4x4 4x8
cost $131.59 $256.37 $338.12

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

Qty Unitof Item Description

Price
Measure
GUR-FGASDO-0016-2/4 Core-Cell AS0D .125"x 24"x 48" Uit Price: 433,84 &3 $32.84
[I ea (1) pj3in Sheat o E
Availability: 4 In Stock
Wi o . G2
GUR-FGAS00-0023-2{4 GURIT CORE-CELL FOAM Urit Price:  $72.99 £72.99
[1] 1/2°X24"%48" PLAIN SHEET 24/CS Nt Price:  $72.99 &2
Availability: 4 In Stock
wish List & CEEE)
GUR-FGASD0-0026-2/4 CORE-CELL FOAM 3/4™ X 24" X T 191.84
ea (1) 48" pLAIN SHEET AS00 Unit Price: - $95.92 ea :
Availability: 3 AVAILABLE
wish Uist % (CZEEL)
WSY 2058 WEST 2058 FAST HARDENER, 0.86 ( it Price: i .00
D m *+**CONSUMER COMMODITY ORM-D {ORMD- %*** Umt.lpzie : $40.00 0
Hazmat product. Additional shinping aﬂa‘ handling charges  Avallability: 1123
will be applied. AVAILABLE
wish List & CEEE)
HAZARDOUS MATERIAL HANDLING FEE $4.99
[][em v ggfﬂﬁ -7 WEST 406-7 COLLOIDAL SILICA 5.5 oz (CAB- Un,tlpzie $22.99 ea $22.99
Availability; 487
wish List % [CZEIY) AVAILABLE
[[] [ ] WSY-INTERNET- 1058 WEST 1058 EPOXY RESIN, .98 unit price: $81.99 ea $81.99
Availability: 991
wu. ust » ) AVAILABLE
= To madify quantities, dlick Update Cart.
[]  Empty Shop cart
Original Subtatal $448.64
Input zip code to caloulate shipping cost: |15010
Shippil 24.45
s s Grond S 2 coicuicre BN :
Total $473.09

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

Type Test Method | Units | A500
Nominal | 1ISO 845 kg/m3 | 92
Density Ib/ft3 | 5.7

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.

Physical properties of cured epoxy

Specific gravity - - R S T T R B I
Hardness (Short' D) ASTM D-2240- - - - + « « « =« +« « « + . §3
Compression yield ASTM D-695 - - - - - - - - - - - - 11,400 psi
Tensile strength ASTM D638 - = - - = -+« « « .+ 7900 psi
Tensile elongation ASTM D-638- - - - - - « - . - - . . . 340
Tensile modulus ASTM D-638- - - - - - - - - - . .« - 408E+05
Flexural strength ASTM D-790 - - - - -« -« -« « - 14100 psi
Flexural modulus ASTM D-790 - - - - - - - - - . . . 461E+05
Heat deflection temperature ASTM D-648 - - - - - - - - - - 118°F
Onset of Tgby DSC - - - S e e e 129°F
Ultimate Tg - =+ + « + « « « « « « « o .. 142°F
Annular shcar fatigue @ 100,000 cycles - - - - - - - - - - 10,600Ib
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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 Fig. H.13 — Forming/Adhering Corecell
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.

. . Fig. H.16 — Final coat of ¢| o completed.
After the final epoxy coat the hull will be J PoXy comp
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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

Gear selection Calculating the gearing
ratio is accomplished by
Theoretical Desired Ratio= 1.1:1 HY A H
BASED ON MOTOR GEARS|BASED ON DRIVE SHAFT GEARS dIVIdIng the teeth
18 teeth Ratic |12 teeth: Ratio number of the driver
18-20: 0.9]18-12 1.5 h
Gear Rat NumberO fTeethOn DriverGear ( From Motor)) 18-18: 1}21-12 L75 gear (mOtor gear) by t €
€ Mo = -
Y = N umberO fTeethOn DrivenGear( DriveS haft) ;?'tl:éth 15 ijii 1-333333332 teeth number of the
Speeds for Gear Ratio Calculation 21-12: 1.75|18 teeth: driven gear (d”ve Shaft
Motor Speed in Rotations Per Minute: 2155|rpm 21-18: 1.1 7]18-18 1
Propeller 1 (13 Pitch 10 Diameter): ZSDDlrpm 21-20: 1.05|21-18 11 7 gear)- The Speeds for
Gear Ratio for set-up = 2500rpm/2155rpm= 1.16:1 22 teeth 22-18 1.2222222322] Gear RatIO C&lCUlatlon
Based theGear Ratios 22-12: 1.833333333|24-18 1.333333333
Aavailable Gears generated, using an 18 tooth [22-18: 1.222222222|20 teeth: show the motor Speed
Motar Gears: Driveshaft: gearon the Drive Shaft 22-20: 1.1|18-20 0.9
18]teeth 12|teeth wouldgenerateRatlo_sthat 24 teeth 21-20 1.05 baSEd On the ME909
are closestto the desired
2jteeth 18[teeth ratio. Larger gearratios 24-12: 2|23-20 11 mOtor curve data, the
22|teeth 20|teeth - 24-18: 1.333333333|24-20 1.2
than desired were selected
22reemn bmsedon past team's isues |24-20: ¥ propeller speed based on
with lack of overdrive.

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.

Fig. 1.1 — Gear Selection Table

The image to the right Martin 408522 7/8 Martin 40BS18HT 1
ShOWS the gearing ratio Material steel Material steel
H Pitch Type: Single Pitch Type: Single
Choser:] for Spr_lnt' The Bore Type: Finished with Keyway Bore Type: Finished with Keyway
gears in the drive train are  [chain numoer 20| [chain Number: 20
1 Number of Hubs 1 Number of Hubs 1
'v.la.rtln SprOCketS The Number of Strands Across 1 Number of Strands Across 1
Plnlon Sp_rOCkEt (22'teeth) Number of Teeth 22 Number of Teeth: 18
is a Martin 40BS22 (7/8), Pitch: 0.5]in | [Pitch: 0.5[in
H H Bore Diameter 0.875|in | |Bore Diameter 1.125]in
and the drlven SprOCkEt IS Length Through Bare: 1lin Length Through Bore 1lin
a Martin 40BS18HT 1. Outside Diameter: 3.78lin | |Outside Diameter: 3.14|in
The dimens|0ns were Tooth Width: 0.284|in | |Tooth Width: 0.284|in
. Hub Diamseter 2.875|in | |Hub Diameter 2.3125(in
found on the Martln Gear Keyway Size: 3/16 X 3/32 in | |Keyway Size: 1/4x1/8 in
Catalogue. The drive train  |Pitch Diameter 3.513 Pitch Diameter 2.879
g

Sear Relamonships Fig. 1.2 & 1.3 — Gear Specifications
A Ve D] Ok = e = 225,67 rads set-up utilizes two motors spinning the larger
g Do oncos () =( 20 s (1) ~222202ras - SProckets which connect to a single drive shaft
L @ with the two smaller sprockets. The torque
R rotation is clockwise.
Torque [input) T]]_ w; cos (L:YO) =2301b =in . . R
e peasm The image to the right shows the calculations
: )Zm(% Y for the angular velocity, torque, and pitch circle
. Jf pwn OS5I diameter for the driver and driven gears selected
Pitch Circle Diameter (Driven) g 180y . ¢180 = 28780 -
() (5 for Sprint.
Tydg  (2300b = in) (2.87%in)
Torque joutput) TZ}: dpg =W
Gear Ratio = :‘%
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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.

Chain Defi

nitions

Beanng

3

¢}

N

v

Bush
7

Inner
Plate

Outer
Plate

From Pg. 264 Table 6-10  |Pin Diameter |Link Plate Thickness Yeild Strength  |Weight per foof]
Chain No. 40 E (Ib) 4140 Steel (ksi) (1b)
Roller 0.06 3700 60.2 0.41
Diameter|Width | Chain Constant | Distance B/w the Link Plate | pin diameter |pitch
H, (in) E, (in) D (in) d (in) (in)
0.3125 0.156 17 0.575 0.165 0.5

Fig. 1.5 - Chain Schematic

Sgring Cligs

: Number of Links: 23 |

Fig. 1.6 - 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 Ibs. 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

This MEO909 is a Brush-Type, Permanent Magnet DC motor with very high efficiency. Capable of 4.8 KW continuous and 15 KW for 30
seconds. For voltages from 12 to 48 VDC input and 100 amps continuous (300 amps for 30 seconds). Designed for battery operated
equipment.

Power 4.8 KW continuous 15KW for 30 seconds
Voltage 12 - 48 Volts
Speed 3,984 rpm at 48V Unloaded
83 RPM per Volt
Size 6.88" OD, 6.29" long (w/o shaft)
Shaft T/8"% 1-5/8", 3/16" key
Weight 24.1 Lbs.

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.

APPENDIX C

APPENDIX C
SPECIFICATIONS
s =)
NOMINAL INPUT VOLTAGE 12V, 2436V, and 3648V
PWM OPERATING FREQUENCY 15 kHz
STANDBY CURRENT less than 20 mA
STANDARD THROTTLE INPUT 5 k2 £10% (others available)
WEIGHT 1204: 1.8 kg (4 Ibs) 1205: 2.7 kg (6 lbs)
DIMENSIONS 1204: 146mm:x170mm=70mm (5.75%<6_75"%2 8")
1205: 146mm=222mm=70mm (5.75"<B.75"x2.8")
NOMINAL VOLTAGE  UNDER-
SATTERY  CLRRENT  IMW SMN 1HOUR DROP  VOLTAGE
O VOLTAGE LMIT  RATING ~ RATING  RATING  @IDDAMPS  CUTBACK
NUMEER {volts) (amps)  (amps]  (amps)  (amps) {voits) (vols)
12040 24-36 275 275 200 125 035 16
S1XX 24-36 175 175 130 75 050 16
S2NAT 24-38 75 75 200 125 0.35 16
-3XXT 2436 175 175 130 75 0.50 16
“4XX 36-48 275 275 200 125 0.35 21
-5XX 36-48 175 175 130 75 050 pal
-BXX 12 275 275 200 125 035 9
STRX 12 175 175 130 75 0.50 9
1205-16X 24-36 400 400 275 175 0.25 16
-20X 36-48 350 350 250 150 0.30 21
-3XX 12 400 400 275 175 0.25 9
+ Modkis T e Wih peTanent magnat motors (1o AZ bus bar Frovided).
pS 2
Curis PMC 1204/1206 Manudl 1

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 Ibs. of force. At
3/16™ inch plate the bending stress was
determined to be 17,020 psi for a 3/16"
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.

_ssooo0

. )
35000 | 16262 "-.'

\| _y1.00001
"H | ; I

Fig. K.2 - Driveshaft drawing
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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.

(1) Velocity Magnitude - m/s
14,6316

12
10

o N & o o

Fig. L.1- Example of meshing for bearing housing

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

(1) Velocity Magnitude - m/s
7.28747

X moms 0.152 0.305 0.457 —

ro0.0444

* 0.0888 > i

o KB N W s v o

*o0133

r0.178

Fig. L.2- Velocity profile of old style bearing housing
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(1) Velodity Magnitude - m/s
5.39604

Fig.

0.457

0305

L.3- Velocity profile of elliptical housing

(1) Velocity Magnitude - m/s
6.62661

6
s
4
3
2
1
0

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

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 F, =
% pv2CpA, 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.

160.00

140.00

120.00

100.00

80.00

Drag Force, N

60.00

20.00

0.00

Old Housing - Cylinder - Velocity vs. Drag

2 4 6 8
Velocity, m/s

10 12

@ Finite ®Hand

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

speeds tested; thereby verifying the

Old Housing Elliptical Semi-Sphere
Speed Drag (Finite)  Drag (Hand) Drag (Finite) Drag (Finite)  methods used for the drag ana|ysis_ The
m/s N N N N . .
3 230 7 255 218 results show that the elliptical housing
35 8.35 1055 5.06 3.86 causes the least drag at every tested
4 11.99 1378 7.57 6.97 velocity. Both updated produced an
4.5 14.25 17.44 10.46 9.17 - - -
s 201 S1a 1303 1008 approximately 33 percent reduction in
55 24.03 26.06 1431 15.27 drag force. These results do not fully
6 28.77 31.01 1571 16.06 represent the entire housing unit, lacking
7 33.81 42.21 21.08 21.06 .
. 431 5513 298 0,06 th propeller shaft and constant veloc.lty
9 63.42 69.77 4247 56.47 joint; the results do serve as an effective
1o 80.61 86.14 54.07 57.00 comparison between design options.
11 124.51 104.23 57.01 79.75 . . .
12 145.23 124.04 89.70 91.40 Final Design of the Bearing

Fig. L.6- Results of CFD drag testing of bearing housing options.
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Fig. L.5- Comparison of results using hand calculations and Autodesk CFD
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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

] 8] -il.:ﬂ- #2100

Fig. L.7- Bearing housing assembly drawing

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.

| O | Tl

|

o

315 150 4,00 250

Fig. L.8- New propeller shaft drawing

Fig. L..10- Bearing housing drawing Fig. L.10- Bearing housing rendering
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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:

e Generate G-code for complex curves

e Have rough and fine finish options for the machine to be able to accomplish a
manual tool change

e 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
Fig. M.1 — Prototype Model 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  Fig. m.2 — Finished Prototype with support
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
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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 Fforce shown in Figure M.3.

Fig. M.3 — Forces acting on the stock during milling™

e material. A resultant Torce Tor the T00I UPON tne STOCK Material IS airected 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 F, making a generalization to simplify the problem and
then simple trigonometry is used to solve for F. The forces are all geometrically related in Figure
M.4.

Fig. M.4 — Geometric relationships of the
forces involved in a milling operation®
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Siw sin(f — a) F; sin(f — a)
Fe = sin¢g cos(¢p + f — a) - cos(p + B — )
Fs=5- Ag
P SAgsin(f — @)
7 cos(¢p+ B —a)

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:

F.L
AX = A
F,-L
T X 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 ks v
and tapped to allow it to be '
fixed to a plate that will be 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 competltlon The materlal used to fabricate
all components of the system is 6061 aluminum. 1=
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 plvot 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
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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" through the wekk of the competition (June 13™).

_Am<“l Material Order Deadline = Neekly Team Meeting
January February
H F S|{M|T W H F S{M|T W H F S|M|T W H F S|[M|T W H F S
Activity 29th 30th 31st|2nd| 3rd 4th 5th 6th 7th | 9th [10th 11th 12th 13th 14th|16th|17th 18th 19th 20th 21st|23rd|24th 25th 26th 27th 28th

Testing Days

Propeller Design
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March

Activity

M| T W H F S| M| T W H F S| M T W H F S
2nd | 3rd 4th 5th 6th 7th |10th|11th 12th 13th 13th 14th|16th 17th 18th 19th 20th 21st

23rd
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T W H F S
24th 25th 26th 27th 28th

Testing Days

Modify Hull

Battery Mount Design & Modifcation




Activity 30th

Testing Days

T
31st

April
W H F S
Ist 2nd 3rd 4th

il

M T W H F S
6th 7th 8th 9th 10th 11th

M
13th

T W H F S
14th 15th 16th 17th 18th

M
20th
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T W H F S
21st 22nd 23rd 24th 25th

Sprint |
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May
M| T W H|F S{M|T W H F S| M| T W H F S[{M|T W H F S
27th|28th 29th 30th| 1st 2nd| 4th | 5th 6th 7th 8th 9th [11th|12th 13th 14th 15th 16th|18th|19th 20th 21st 22nd 23rd

Finals Week NGRSO R

sprintil |

Activity

Testing Days

Bearing Housing Fabrication

Solar Panel Fabrication

Battery Mount Design & Modifcation

Endurance Prop Manufacturing




Activity

Testing Days

25th

June

T W H F S| M
26th 27th 28th 29th 30th| 1st

Endurance |

T W H F S{™M T W H F S
2nd 3rd 4th 5th 6th | 8th 9th 10th 11th 12th 13th
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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.

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

F chine boat slice - 2 - 3 deg iProperties

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.

Fig. P.5 - Example of slice of hull

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

General | Summary | Project | Status | Custom [ save | Physical |

Solids

The Part Update

Clipboard

Material

Water v]

Density Requested Accuracy

s

General Properties

Center of Gravity

Mass 534,554 lbmass (Re X 0,000 in (Relative £

Area 8420,947in"2 (Rel ¥ 36,525in (Relative

Volume 14821.615in"3 (Re Z -129.773in (Relativ

Inertial Properties
[_Prindpal ]
Principal Moments

[ Global ] [ Center of Gravity ]

11 910637.635 lbm 12 927009.533 bbr 13 19505.694 Ibmz

Rotation ta Principal
Rx -0.08 deqg (Rela

Ry -0.00 deg (Rela Rz 0.00 deg (Relat

L

Fig. P.6 - Inventor iProperties Window

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.
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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.

Sl 3

Fig. P.7 - Example of Mesh

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

] J - not be changing its angle or depth in the
U 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.
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Fig. P.8 - Original hull top view - Endurance

Voo a0y

i

<
i)
i
3

)
2
1
i
1

e
.

0 Velooty Magritude - a3
£20957
s

)
2

—~—

-

Fig. P.9 - Modified hull top view - Endurance
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Fig. P.10 - Original hull side view - Endurance

Endurance Mode
Original Shape With Chine Lines
Velocity Drag Lift Drag Lift
m/s N N N N
3.0 36.31 56.58 33.43| 107.11
4.2 69.04 79.04 62.11| 216.97
5.0 81.19| 184.10 85.90| 237.28
10.0 283.02| 875.93| 321.63| 1483.61

Fig. P.12 - Endurance simulation results
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Fig. P.11 - Modified hull side view - Endurance

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
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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.

Endurance Drag Endurance Lift
1600.00
1400.00
1200.00
1000.00
800.00
600.00
400.00
200,00 s

0.00
0.0 20 4.0 6.0 8.0 10.0 12.0 0.0 2.0 40 6.0 8.0 10.0 12.0

®  Original Chine Poly. (Original) Poly. (Chine) ® Original Chine Poly. (Original) Poly. (Chine)

Fig. P.13 - Endurance hull drag Fig. P.14 - Endurance hull lift

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.

e B 5 | —
Fig. P.15 - Original hull top view - Sprint Fig. P.16 - Modified hull top view - Sprint
T | P
A
& ~ 4 15
oA ...d——' - . —_ ——i“j ; 4 -
Fig. P.17 - Original hull side view - Sprint Fig. P.18 - Modified hull side view - Sprint
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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

Sprint Mode - 3 Degrees Tilt Upwards

Original Shape

With Chine Lines

Velocity | Drag Lift Drag Lift
m/s N N N N
42| 121.19] 263.33] 119.01] 280.68
7.0 230.81] 419.43| 315.27| 957.64
11.0] 532.05| 1108.61| 751.98| 2315.88

Fig. P.19 - Sprint simulation results

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

Sprint Drag

800.00
70000
600.00
500.00
400.00
300.00
200.00
10000

0.00

0.0 20 40 6.0 80 10.0 12,0

® Original Chine Poly. (Original) Poly. (Chine)

Fig. P.20 - Sprint hull drag

analysis the chine lines has minimal negative

2500.00

2000.00

1500.00

Sprint Lift

Fig. P.21 - Sprint hull lift

effects on the endurance performance of the hull, while adding significant lift force in the sprint

competition.
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