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EXECUTIVE SUMMARY 
 
The Solar Splash is an International competition which challenges teams, from both the university and 
high school level, to construct a solar/electric boat capable of competing in both high-speed sprint 
races and low-speed endurance races. There are unique challenges in designing a boat that is efficient 
at both high and low-speed operation. The Solar Splash competition offers the chance for each design 
team to put forth their best effort to overcome these challenges. In doing so, each team member gains a 
deeper understanding of the problems they are trying to solve.  
 
One of the most challenging aspects of this competition is in the hull design. Boats that are efficient at 
low-speed operation typically feature a displacement-type hull which is efficient at plowing through 
the water. The most recognizable hull of this type is that of a canoe. On the other end of the spectrum, 
a boat that is designed for high-speed operation will feature a planing hull which is designed to ride on 
top of the water. For the Solar Splash competition, it is desirable to have features that are conducive 
with both planing and displacement operation. Because of the difficulty in designing a hybrid hull, the 
ideal solution is to design a hull suitable for displacement operation and utilize a retractable hydrofoil 
to lift the boat’s hull completely out of the water during the high-speed sprint runs. 
 
However, in order to increase the efficiency of our existing hull, it was decided to implement a 
hydrofoil at the rear of the boat for the 2015 Solar Splash. Our current hull design is most efficient 
during high-speed operation when the hull is on plane. During displacement operation the shape of our 
transom creates eddies at the stern which prevent the hull from being hydrodynamically efficient when 
not on plane. In order to overcome this issue, a retractable hydrofoil will be implemented to raise the 
transom during the endurance runs so as to increase the hydrodynamic efficiency of the hull when not 
on plane. 
 
Our current hull features a strong and lightweight carbon fiber construction with a Lantor® Soric XF3 
core that serves as an inter-laminar breather material while providing the benefit of adding buoyancy to 
the construction. The durable nature of the hull’s construction eliminates the need for internal bracing. 
 
Our current drivetrain features an Arneson-type surface drive. This drive offers versatility in propeller 
selection and it can be trimmed using an attached electric actuator. Being able to trim the drive allows 
for the angle at which the power is being transferred to the hull to be changed, thus providing the 
ability to reduce downward force on the bow when planing is desired, and the ability to add downward 
force on the bow when displacement operation is desired.  
 
The Arneson-type surface drive is powered by dual Motenergy® ME1003 brushed DC motors. These 
motors feature an efficiency rating of 90% and have an adjustable dual-brush design that allows 
adjustment of their efficiency and current handling capacity. A chain drive is used to connect both 
motors to the out-drive during the sprint run. However, for the endurance run, one of the motors will 
be taken offline and the chain configuration will be changed so that only one motor is connected to the 
out-drive.  
 
Motor speed and power utilization will be controlled through dual Altrax® AXE 4865 motor 
controllers. These controllers are fully programmable through their integrated RS232 port and have a 
maximum current limit of 650 Amps. Their internal components are fully encapsulated in epoxy 
making them a resistant and well suited to the harshness of the marine environment. As with the 
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motors, both controllers will be utilized during the sprint run with one being taken offline during the 
endurance run. All offline components will remain in place in the boat during the endurance run in 
order to remain in compliance with Solar Splash Rule 4.2.3. 
 
Remote telemetry will be used to provide onshore real-time monitoring and adjustment of the 
configuration settings of both onboard motor controllers. In addition to being able remotely monitor 
and update the controller configuration, the telemetry system will allow for onshore monitoring of 
system voltage, current draw, throttle position, speed, distance traveled, and GPS position.  
 
The 2015 telemetry system is vastly improved over last years. Remote connectivity of the 2015 
telemetry system is achieved through the implementation of a long-range Wi-Fi system that features a 
maximum range of 20 miles. The system consists of a 1-Watt wireless access point on shore and a 0.5-
Watt wireless access point onboard the boat. An onshore laptop is connected to the system through a 
wireless onshore router. The boat’s motor controllers, along with a GPS antenna, are connected to the 
boat’s access point through a Lantronix RS232 to Ethernet converter. This system is extremely robust 
and easily expandable. The built-in error correcting of the IP connectivity scheme eliminates the 
connectivity errors associated with the RS232 radio modems incorporated into last year’s telemetry 
system. 
 
Battery power for the boat during sprint events will be provided by three Optima® Red Top Group 25 
automotive-type cranking batteries. These batteries offer a Cold Cranking Amp (CCA) rating of 720 
Amps, a manufactured stated weight of 31.7 lbs, and a scale weight of 33.2 lbs. Given the weight 
restrictions for the batteries, as imposed by the rule 7.4.1, these batteries proved to be a good choice as 
they offer one of the highest CCA ratings available while remaining just under the imposed weight 
restriction. Three batteries will be used in series for the sprint run, providing a nominal pack voltage of 
36 VDC for this event.  
 
Battery power for the boat during endurance events will be provided by two Trojan® SCS150 Group 
24 marine-type deep cycle batteries. These batteries are rated at 150 Ah (20 hour rating), which give 
them a higher power density than the Optima® batteries chosen for the sprint configuration, and they 
have a manufactured stated weight of 50 lbs and an actual scale weight of  50 lbs. Though the nominal 
pack voltage will only be 24 VDC, the overall power output will exceed that of the three Optima® Red 
Top batteries by 44% as the Red Top batteries are only rated at 44 Ah (20 hour rating). The result is 
that we have batteries that can discharge quickly for our sprint configuration and batteries with higher 
charge density for the endurance configuration.  
 
To meet the maximum of 480 watts of solar panels allowed by rule 4.2.4, two 240 watt Renogy® 
polycrystalline solar panels are being utilized with one being mounted to the front of the boat and one 
at the rear using RAM® ball mounts to help ease in taking the panels on and off of the boat. To further 
increase the ease in which the panels are taken on and off, two water-resistant through-hull connectors 
will be utilized to facilitate the connection of the panels to the boat’s electrical system. The output of 
the panels will initially be directed through dual charge controllers to prevent sulfation of the attached 
battery pack. Once the sprint heat is underway, the pilot will switch the controllers out of the circuit 
allowing the full output of the panels to be delivered to the motor controller. At this point the applied 
load of the motor will prevent the batteries from becoming overcharged and sulfating. 
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I. OVERALL PROJECT OBJECTIVES 
A. Current Design 

 
1) Overview of Current Design: Our current hull features a strong carbon fiber construction.  Our 
current drivetrain features an Arneson-type surface drive that is powered by dual brushed DC 
motors. A drive chain is used to transfer power from the motors to the outdrive. A retractable 
hydrofoil is used to improve hydrodynamic efficiency during displacement operation.  

  
Motor speed and power utilization is controlled through dual Altrax® AXE 4865 motor 
controllers with a remote long-range Wi-Fi telemetry system being used to provide onshore real-
time monitoring and adjustment of the configuration settings of both onboard motor controllers.  
 
Battery power for the boat during sprint events will be provided by three Optima® Red Top 
Group 25 automotive-type cranking batteries. Battery power for the boat during endurance events 
will be provided by two Trojan® SCS150 Group 24 marine-type deep cycle batteries.  
 
Two 240 watt Renogy® polycrystalline solar panels are used for solar charging. These panels are 
mounted to the top surface of the boat using RAM® ball mounts with connectivity for the panels 
being provided by integrated through-hull electrical connectors. 
 
Switching is provided at the helm for charge controller bypass and motor controller bypass. 
Additionally, the helm features instrumentation for trim position, charge status, main and auxiliary 
battery charge level, speed, and GPS position. 
 

 2) What Are the Problems or Issues: Issues with our previous design included a lack of hull 
efficiency during displacement operation. This issue resulted from the square shape of the hull’s 
transom. Additionally, the previous telemetry system was plagued by connectivity issues that were 
associated with the RS232 radio modems that provided the connectivity. Any data loss would 
result in the motor controller’s completely disconnecting from the motor controller software on 
the remote laptop. While onshore GPS mapping software was not as sensitive to lost data, 
consistent connectivity to the motor controllers was critical. 

 
 3) What Are We Trying to Improve: We are attempting to improve the efficiency of the hull 

during displacement operation and we are attempting to achieve a more reliable data link between 
the boat and our onshore telemetry station. 

 
B. Analysis of Design Concept 
 

1) Design Description: The boat’s hull is constructed of carbon fiber with a Lantor® Soric XF3 
core. Our drivetrain features an Arneson-type outdrive with an electric actuator for trimming. 
Power to the drivetrain is provided by dual Motenergy® ME1003 brushed DC motors. A chain 
drive is used to connect both motors to the outdrive during the sprint run. For the endurance run 
one of the motors is taken offline and the chain configuration is changed so that only one motor is 
connected to the outdrive.  
 
Motor speed and power utilization is controlled through dual Altrax® AXE 4865 motor 
controllers. A Wi-Fi based remote telemetry system is used to provide onshore real-time 
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monitoring and adjustment of the configuration settings of both onboard motor controllers. The 
telemetry system also receives GPS speed and position data from the boat. Additionally, the helm 
features an instrumentation packages that allows the driver to know the status of all onboard 
systems along with GPS speed, position, and location. 
 
Battery power for the boat during sprint events is provided by three Optima® Red Top Group 25 
automotive-type cranking batteries. Battery power for the boat during endurance events will be 
provided by two Trojan® SCS150 Group 24 marine-type deep cycle batteries. Two 240 watt 
Renogy® polycrystalline solar panels are utilized for solar charging. Mounting for the panels is 
facilitated by RAM® ball mounts. Electrical connectivity for the panels is facilitated through 
integrated water-resistant through-hull connectors. 
 
 The output of the panels will initially be directed through dual charge controllers to prevent 
sulfation of the attached battery pack. Once the sprint heat is underway, the pilot will switch the 
controllers out of the circuit allowing the full output of the panels to be delivered to the motor 
controller. At this point the applied load of the motor will prevent the batteries from becoming 
over charged and sulfating. The primary function of the charge controller bypass switch is to 
prevent the motor controller from shutting down due to a low-voltage condition. 
 
Switching is provided at the helm for charge controller bypass and motor controller bypass. 
Additionally, the helm features instrumentation for trim position, charge status, main and auxiliary 
battery charge level, speed, and GPS position. 
 
A retractable hydrofoil, attached to the transom, is used to lift the transom out of the water in 
order to prevent hydrodynamic drag during displacement operation. During planning operation the 
foil is retracted in order to prevent drag. 
 

 2) Design Alternatives/Tradeoffs: Many alternatives exist for every aspect of the design. The 
exploration of every alternative for every system is simply not possible given the limited amount 
of time available the team. However, a limited number of alternatives will be discussed in 
subsequent sub-sections of this report. 

 
3) Rationale for Choice: We wanted our hull to be lightweight and strong enough so that it would 
not need any additional reinforcement. As such, we decided carbon fiber would be appropriate. 
We added a Lantor® Soric XF3 core to the layup to serve as an inter-laminar breather material 
and to add additional buoyancy to the construction.   
 
The implementation of a hydrofoil for the purposes of improving hydrodynamic efficiency during 
displacement operation came out of recognition that our current hull shape, while efficient for 
planning operation, is not as efficient during displacement operation. Preliminary testing on the 
foil is currently underway. 
 
We chose to design and construct an Arneson-type surface drive to provide versatility in propeller 
selection. We also wanted a drive that would provide trimming ability as this allows for the angle 
at which the power is being transferred to the hull to be changed. This is beneficial for reducing 
the downward force on the bow when planing is desired, and increasing downward force on the 
bow when displacement operation is desired.  
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It was decided to power the Arneson-type surface drive by dual Motenergy® ME1003 brushed 
DC motors because of their 90% efficiency rating. These motors also feature an adjustable dual-
brush design that allows for adjustment of their efficiency and current handling capacity.  
 
The choice of a chain drive for connecting the boat’s motors to the outdrive came out of 
recognition that this is a simple, effective, and efficient way to transfer the mechanical energy 
down to the driveshaft. Also, the chain drive and sprocket system allows for multiple sprocket 
ratios to be tested with relative ease in order to determine the optimal configuration.  
 
Motor speed and power utilization is controlled through dual Altrax® AXE 4865 motor 
controllers. These controllers offer the benefit of being fully programmable through their 
integrated RS232 port and offer a maximum current limit of 650 Amps. They are also waterproof 
and suitable for marine use due to their internal components being fully encapsulated in epoxy. 
 
Remote telemetry was desired in order to provide onshore real-time monitoring and adjustment of 
the configuration settings of both onboard motor controllers. In addition to being able to remotely 
monitor and update the controller configuration, the telemetry system will allow for onshore 
monitoring of system voltage, current draw, throttle position, speed, distance traveled, and GPS 
position. The benefit is being able to achieve optimal power management given that the results of 
all controller configuration changes can be instantly monitored during testing.  
 
It was also desired that our telemetry system be extremely robust and feature error correcting for 
the data transfer. In order to achieve this, remote connectivity of the 2015 telemetry system is 
achieved through the implementation of a long-range Wi-Fi system that features a maximum 
range of 20 miles. The system consists of a 1-Watt wireless access point on shore and a 0.5-Watt 
wireless access point onboard the boat. An onshore laptop is connected to the system through a 
wireless onshore router. The boat’s motor controllers, along with a GPS antenna, are connected to 
the boat’s access point through a Lantronix RS232 to Ethernet converter. This system is extremely 
robust and easily expandable. The built-in error correcting of the IP connectivity scheme 
eliminates the connectivity errors associated with the RS232 radio modems incorporated into last 
year’s telemetry system. 
 
Battery power for the boat during sprint events will be provided by three Optima® Red Top 
Group 25 automotive-type cranking batteries. These batteries offer a Cold Cranking Amp (CCA) 
rating of 720 Amps and have a manufactured stated weight of 31.7 lbs (though actual scale weight 
is 33.2 lbs). Given the weight restrictions for the batteries, as imposed by the rules for the Solar 
Splash event, these batteries proved to be a good choice as they offer one of the highest CCA 
ratings available while remaining just under the imposed weight restriction. Three batteries will be 
used in series for the sprint run providing a nominal pack voltage of 36 VDC for this event.  
 
Battery power for the boat during endurance events will be provided by two Trojan® SCS150 
Group 24 marine-type deep cycle batteries. These batteries are rated at 100 Ah (20 hour rating), 
which give them a higher power density than the Optima® batteries chosen for the sprint 
configuration, and they have a manufactured stated weight of 50 lbs (actual scale weight is 50 
lbs). Though the nominal pack voltage will only be 24 VDC, the overall power output will exceed 
that of the three Optima® Red Top batteries by 44% as the Red Top batteries are only rated at 44 
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Ah (20 hour rating). The result is that we have batteries that can discharge quickly for our sprint 
configuration and batteries with higher charge density for the endurance configuration.  
 
Given that a maximum of 480 watts of solar panels are allowed for the endurance run, two 240 
watt Renogy® polycrystalline solar panels will be utilized with one being mounted to the front of 
the boat and one at the rear. The panels will be mounted to the top surface of the boat using 
RAM® ball mounts to help ease in taking the panels on and off of the boat. To further increase the 
ease in which the panels are taken on and off, two water-resistant through-hull connectors will be 
utilized to facilitate the connection of the panels to the boat’s electrical system. The output of the 
panels will initially be directed through dual charge controllers to prevent sulfation of the attached 
battery pack. Once the sprint heat is underway, the pilot will switch the controllers out of the 
circuit allowing the full output of the panels to be delivered to the motor controller. At this point 
the applied load of the motor will prevent the batteries from becoming overcharged and sulfating. 
 

C. Design Testing and Evaluation 
 
 1) Test Procedures: Our major changes come in the form of our implementation of a hydrofoil for 

improved displacement operation and the implementation of an improved telemetry system for 
remote system configuration and data acquisition. The telemetry system was tested outside of the 
boat over a two-mile distance and tested in the boat, on the water, over a distance of one mile. The 
benefits of the implementation of the hydrofoil will be determined by additional on-water testing. 

 
 2) Test Results: Preliminary testing of the benefits of the hydrofoil are currently underway. To 

date only one on-water test has been performed with promising results. The foil was able to 
provide some lift to the transom and provide an overall increase in both speed and range. 
However, the foil will require more testing in order to ensure optimum design and attachment. 
Due to unseasonably cool weather and excessively low water levels at the lake where we test our 
boat, opportunities for additional on-water testing have yet to present themselves. Testing of the 
telemetry system has been exceptionally positive. The new telemetry system has actually 
exceeded expectations and is considered to be fully operational and race-ready. 

 
3) Evaluation of Performance: Overall the team is satisfied with the appearance and performance 
of the boat to date. A lot of work went into designing a hydrofoil that would improve the 
performance of our existing hull, and the team looks forward to additional testing and any 
necessary redesigns. Also, a lot of work went into designing a telemetry system that would not 
only be able to maintain connectivity over a long range, but also be expandable and able to meet 
any future connectivity requirements. In respect to the telemetry system, the team’s expectations 
have been exceeded. 
 

 4) Discussion: Having over a month to continue working before the 2015 Solar Splash, the team’s 
confidence is high that enough time remains in which to complete the final testing and design of 
the hydrofoil. Given that the boat is currently in perfect running condition with all systems 
functioning perfectly, the team’s moral is exceptionally high. 
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II. SOLAR SYSTEM DESIGN 
A. Current Design 
 

1) Overview of Current Design: Two 240 watt Renogy® polycrystalline solar panels are being 
utilized to provide the 480 watts maximum allowable solar power. One panel will be mounted to 
the front of the boat and one at the rear. RAM® ball mounts will be used to mount the panels to 
the boat. Two marine-type through-hull connectors are utilized to facilitate the connection of the 
panels to the boat’s electrical system. Dual dash-mounted charge controllers will regulate battery 
charging from the solar panels. A charge controller bypass switch will allow for the full output of 
the panels to be passed to the single motor controller that will be in use during the endurance run. 
 
2) What Are the Problems or Issues:  

• Must provide the maximum power allowable. 
• Must be easy to mount and dismount. 
• They must charge the batteries in a regulated fashion in order to avoid battery over-charge 

and subsequent sulfation. 
• Easy method for electrical connectivity is desired. 
• Easy method for converting boat’s electrical system over to solar configuration. 

 
3) What Are We Trying to Improve: Our current system resolves all problems and issues, 
therefore no additional improvement is required. 
 

B. Analysis of Design Concept 
 

1) Design Description: 
• Two 240 watt Renogy® polycrystalline solar panels will be utilized. 
• RAM® ball mounts function as both mounting points and supports 
• Dual C4860 Solar Charge Controllers provide charge regulation. 
• Dual thru-hull electrical connectors allow the solar panels to simply be plugged in. 
• Electrical reconfiguration from sprint to endurance mode is switch controlled at the helm.  
• A charge controller bypass switch allows for the full output of the panels to be passed to the 

single motor controller that will be in use during the endurance run. 
 

2) Design Alternatives/Tradeoffs: A design alternative would be to avoid commercially available 
panels in favor of the team constructing their own panel. Doing so would allow the team to take 
advantage of the additional 10% of solar power allowed by the rules for team-constructed panels. 
Additionally, the cells could be integrated into the boat’s top deck surface, increasing the overall 
aesthetics of the boat.  
 
3) Rationale for Choice: 

• The two 240 watt Renogy® polycrystalline solar panels were selected due to their ability to 
provide the maximum 480 watts of solar power allowed. 

• RAM® ball mounts were selected to function as both mounting points and supports in order 
to simply the mounting and dismounting process as they eliminate the need for tools or 
hardware when placing or removing the panels. 

• Dual C4860 Solar Charge Controllers were selected to provide charge regulation due to their 
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being relatively inexpensive, easy to mount in or dash, programmable for the required 
charging voltages, and they feature displays that allow the driver to monitor both the charge 
status and the battery level. 

• Dual thru-hull electrical connectors were chosen to allow the solar panels to simply be 
plugged in instead of physically wired in when they were placed on the boat. 

• Electrical reconfiguration is switch controlled at the helm in order to further reduce the time 
required to switch over between sprint and endurance run configurations. 

• A charge controller bypass switch was added to the dash to allow for the full output of the 
panels to be passed to the single motor controller that will be in use during the endurance 
run. This prevents the motor controller from experiencing a “low voltage” situation which 
could possible cause the controller to shut down while the boat is in operation. Despite the 
output from the panels being bypassed to the motor controller, the charge controllers will 
continue to provide battery health information to the driver. 
 

C. Design Testing and Evaluation 
 

1) Test Procedures: With the panels connected, the endurance batteries installed and the electrical 
system switched into the endurance mode configuration, the boat was placed in the sun to verify 
charging. To verify the operation and functionality of the charge bypass switch, the bypass was 
put into operation during on-water testing. 
 
2) Test Results: With the panel’s output passing through the charge controller, the batteries were 
charged to 13.5 volts each, at which time the charging process was stopped automatically by the 
charge controllers. During on-water testing, when the charge bypass switch was tuned on, the 
charge controllers continued to provide battery health information and the charge controllers 
remained in operation after two-hours of continuous operation.  
 
3) Evaluation of Performance: The solar system meets the team’s expectations as it operates as 
designed and intended. 
 
 

III. ELECTRICAL SYSTEM 
A. Current Design 
 

1) Overview of Current Design: 
• Two 240 watt Renogy® polycrystalline solar panels are utilized for solar charging, 

providing a total of 480 watts of solar power. 
• Dual C4860 Solar Charge Controllers provide charge regulation. 
• Dual thru-hull electrical connectors allow the solar panels to simply be plugged in. 
• A charge controller bypass switch allows for the full output of the panels to be passed to the 

single motor controller that will be in use during the endurance run. 
• Battery power for the boat during sprint events will be provided by three Optima® Red Top 

Group 25 automotive-type cranking batteries. 
• Battery power for the boat during endurance events will be provided by two Trojan® 

SCS150 Group 24 marine-type deep cycle batteries. 
• Motor speed and power utilization is controlled through dual Altrax® AXE 4865 motor 
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controllers. 
• A long-range Wi-Fi based telemetry system is used for motor controller configuration and 

GPS data logging. The system consists of a 1-Watt wireless access point on shore and a 0.5-
Watt wireless access point onboard the boat. An onshore laptop is connected to the system 
through a wireless onshore router. The boat’s motor controllers, along with a GPS antenna, 
are connected to the boat’s access point through a Lantronix RS232 to Ethernet converter. 

• Auxillary power for the onboard telemetry system, trim position indicator and electric horn 
is supplied by a 10Ah sealed lead acid battery. 

• 3/0 copper welding cable supplies all high-current power throughout the electric drive 
system. 

• Throttling is controlled by an in-dash potentiometer. 
• An electric horn is used for signaling (a backup air horn is also onboard). 
• Appropriate fusing is implemented throughout, to include one 500 amp fuse for each motor 

controller. 
• An electric actuator is used to facilitate trimming of the outdrive. The actuator’s direction is 

controlled by a toggle switch on the dash and a relay bank that changes the current direction 
as required. 

• A string-potentiometer is mounted to the actuator to provide trim position feedback to the 
dash-mounted trim gauge. 

• A voltmeter is integrated into the dash with a selector switch for choosing between main 
battery, aux battery, and off. 

• A master switch and dead-man’s switch are wired in series, as required by rule 3.7. 
• Dual motor controller bypass switches are integrated into the dash to allow the pilot to 

bypass the motor controllers in the event of a controller failure. 
• A dash-mounted tachometer provides the pilot with driveshaft speed information (primarily 

for testing purposes). 
• A dash-mounted GPS device allows provides the pilot with speed, distance, and positional 

information. 
 
2) What Are the Problems or Issues: Our current electrical system operates as designed and 
desired with no significant problems or issues having been identified to date.  
 
3) What Are We Trying to Improve: Currently, there are no identified areas that the team deems 
to be in need of improvement.  

 
B. Analysis of Design Concept 

 
1) Design Description: An accurate description of the current design is provided under the 
Current Design sub-section above. 
 
2) Design Alternatives/Tradeoffs: The team has discussed a desire to implement brushless motors 
into next year’s design. The brushed motors were selected as a result of their efficiency and their 
being relatively inexpensive. In fact, they have proved to be extremely reliable with the 2015 
Solar Splash being the fourth Solar Splash in which the current motors have been used.  
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3) Rationale for Choice: 
• The two 240 watt Renogy® polycrystalline solar panels were chosen because they are able 

to provide the allowed 480 watts of solar power. 
• Dual C4860 Solar Charge Controllers were selected to provide charge regulation due to their 

being relatively inexpensive, easy to mount, programmable for the required charging 
voltages, and they feature displays that allow the driver to monitor both the charge status and 
the battery level. 

• Dual thru-hull electrical connectors were chosen to allow the solar panels to simply be 
plugged in instead of physically wired in when they were placed on the boat. This increased 
the speed at which the solar panels can be placed and removed. 

• A charge controller bypass switch was added to the dash to allow for the full output of the 
panels to be passed to the single motor controller that will be in use during the endurance 
run. This prevents the motor controller from experiencing a “low voltage” situation which 
could possible cause the controller to shut down while the boat is in operation. Despite the 
output from the panels being bypassed to the motor controller, the charge controllers will 
continue to provide battery health information to the driver. 

• Optima® Red Top Group 25 automotive-type cranking batteries were chosen for the sprint 
run because these batteries offer a Cold Cranking Amp (CCA) rating of 720 Amps and have 
a scale weight of 33.2 lbs, allowing three of them to meet the weight restrictions for the 
batteries as imposed by the rules for the Solar Splash event. These batteries also offer one of 
the highest CCA ratings available for their size.  

• The decision to use Trojan® SCS150 Group 24 marine-type deep cycle batteries for the 
endurance runs was due to their 50 lb weight and their 100Ah rating. 

• The Altrax® AXE 4865 motor controllers were chosen because these controllers offer the 
benefit of being fully programmable through their integrated RS232 port and offer a 
maximum current limit of 650 Amps. They are also waterproof due to their internal 
components being fully encapsulated in epoxy. 

• The implementation of a long-range Wi-Fi based telemetry system for motor controller 
configuration and GPS data logging arose from the need for a system that provided built-in 
error correcting against data loss. The Wi-Fi based telemetry system’s IP connectivity 
scheme eliminates the connectivity errors associated with the RS232 radio modems 
incorporated into last year’s telemetry system. 

• The decision to use a sealed lead acid battery to power the auxiliary systems was based on 
the fact that such batteries are commonly available, easily charged from automotive-type 
wall chargers, provide the required amount of power, are recyclable, and are relatively 
inexpensive. 

• 3/0 copper welding cable supplies is used for all high-current power throughout the electric 
drive system in order to minimize the I2R losses. Due to the weight of the cable, and the 
increase in resistance over distance, care was taken to ensure that all cable runs were as 
short as possible. The cable ends were all terminated using high-quality crimp lugs with 
heat shrink tubing applied for strain relief and dressing purposes. The result is a high-
current, low-loss system capable of delivering the necessary power when needed. 

• Throttling is controlled by an in-dash potentiometer in order to maintain maximum cockpit 
ergonomics. A side-mounted marine-type throttle, in addition to encroaching into the 
available cockpit space, could potentially hamper the pilot’s egress should there be an 
emergency. 
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• Though seemingly insignificant, an electric horn is used as the primary method for 
emergency signaling. This feature solves the problem of air-horn storage, and simplifies 
signaling for the pilot (a backup whistle is also onboard). 

• The use of appropriate fusing throughout the electrical system is a necessity in order to 
prevent electrical fires, component damage, and battery explosions.  

• The outdrive required a method for trimming. To achieve this, an electric actuator is used. 
The electric actuator solution was chosen because it is lighter and simpler than a hydraulic 
solution. 

• Because the pilot needs to know the trim position of the outdrive, a string-potentiometer is 
mounted to the actuator to provide trim position feedback to the dash-mounted trim gauge. 

• To help with power management, a voltmeter is integrated into the dash with a selector 
switch for choosing between main battery, aux battery, and off. However, main battery 
levels are also monitored from the shore through the telemetry system 

• In order to be compliant with the rules, a master switch and dead-man’s switch are wired in 
series. When either of these switches are opened, power will not pass to the drive system. 

• Dual motor controller bypass switches are integrated into the dash to allow the pilot to 
bypass the motor controllers in the event of a controller failure. While applying the full 
potential of the batteries to the motors is less than ideal, this system allows the pilot an 
option for continuing the race should the motor controllers fail. The bypass switch does not 
bypass the deadman switch.  

• A dash-mounted tachometer provides the pilot with driveshaft speed information (primarily 
for testing purposes). Knowing the shaft speed allows for theoretical speed calculations 
based on propeller pitch and diameter. Additionally, it provides the pilot with visual input 
that the motors are turning should the speed of the craft reach a point where this may be in 
question. 

• A dash-mounted GPS device provides the pilot with speed, distance, and positional 
information. Though GPS speed and position are logged through the telemetry system, this 
feature allows for the boat to have an integrated speedometer and a redundant method for 
recording distance traveled.  

 
 
C. Design Testing and Evaluation 

 
1) Test Procedures: All systems were designed and installed to professional standards. Testing 
consisted of power-up tests in the lab and on-water testing. 
 
2) Test Results: All systems contained within the boat’s electrical system have been tested and 
determined to be operational. The wiring harness contained within the boat has remained 
consistent for three years with the only modifications made being those to the telemetry system. 
As such, the current electrical system has proved to be consistently reliable.  
 
3) Evaluation of Performance: The electrical system performs as designed and desired. No 
operational anomalies have been observed. As such, it can be concluded that the performance of 
the electrical system meets all expectations for operational performance and robustness.   
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IV. POWER ELECTRONICS SYSTEM 
A. Current Design 

 
1) Overview of Current Design:  

• Motor speed and power utilization is controlled through dual Altrax® AXE 4865 motor 
controllers. 

• Throttling is controlled by an in-dash potentiometer. 
• Dual C4860 Solar Charge Controllers provide charge regulation. 

 
2) What Are the Problems or Issues: The current motor and charge controller function as desired. 
There are no known problems or issues with electronic power management systems 
 
3) What Are We Trying to Improve: The charge controllers are capable of passing the maximum 
power produced by the solar cells, and the motor controllers are capable of passing the desired 500 
amps of current to the motors. Additionally, the implementation of a potentiometer for throttle 
control is well suited for our team’s design. At this point, no improvements have been attempted 
or desired in regards to the power management electronics. However, a Morningstar TS-45 charge 
controller was ordered for testing and will be implemented into next year’s design. Given that our 
IP based telemetry system will be ported to next year’s build, the primary reason for desiring the 
Morningstar controller is its ability to connect to our telemetry system through its integrated 
Ethernet connection. 

 
B. Analysis of Design Concept 

 
1) Design Description: The Altrax® AXE 4865 motor controllers are connected to the batteries 
and the motors using 3/0 copper welding cable. Throttling of the controllers is achieved through a 
dash-mounted potentiometer. Configuration of the motor controllers, along with monitoring of 
current flow, throttle response, battery health, and controller temperature, is achieved through a 
Wi-Fi based remote telemetry system that interfaces with the controllers through their integrated 
RS232 ports via a Lantronix RS232 to Ethernet adapter. 
 
All solar charging of the batteries is facilitated through the dual dash-mounted C4860 Solar 
Charge Controllers. The charge controllers offer the pilot the ability to monitor charge status and 
battery health. 
 
2) Rationale for Choice: 

• The Altrax® AXE 4865 motor controllers were chosen because these controllers offer the 
benefit of being fully programmable through their integrated RS232 port and offer a 
maximum current limit of 650 Amps. They are also waterproof due to their internal 
components being fully encapsulated in epoxy. 

• Throttling is controlled by an in-dash potentiometer in order to maintain maximum cockpit 
ergonomics. A side-mounted marine-type throttle, in addition to encroaching into the 
available cockpit space, could potentially hamper the pilot’s egress should there be an 
emergency. 

• Dual C4860 Solar Charge Controllers were selected to provide charge regulation due to their 
being relatively inexpensive, easy to mount in our dash, programmable for the required 
charging voltages, and they feature displays that allow the driver to monitor both the charge 
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status and the battery level. 
 
C. Design Testing and Evaluation 

 
1) Test Procedures: All systems were designed and installed to professional standards. Testing 
consisted of power-up tests in the lab and on-water testing. 
 
2) Test Results: All electronic systems contained within the boat’s electrical management system 
have been tested and determined to be operational. The current electronic systems used for 
electrical management have met all expectations for design and operation.  
 
3) Evaluation of Performance: The Altrax® AXE 4865 motor controllers provide efficient power 
handling and their programmability and data streaming abilities allow for easy configuration and 
data logging from the shore through the boat’s Wi-Wi based telemetry system. Additionally, the 
charge controllers have proven to be efficient at regulating the charge for both the 36 volt sprint 
battery pack and the 24 volt endurance battery pack. 
 

 
V. HULL DESIGN 

A. Current Design 
 
1) Overview of Current Design:  

• Strong and lightweight carbon fiber composite construction. 
• A Lantor® Soric XF3 foam core for weight reduction and increased buoyancy.  
• Integrated top deck surface to help reduce aerodynamic drag. 
• Fully enclosed battery and motor compartments. 
• A professional-grade paint job with clear coat finish. 
• Foam sponsons to prevent water splash onto the pilot and into the boat. 
• Low-profile tracking fins attached at the rear. 
• Transom mounted hydrofoil to improve hydrodynamic efficiency during displacement 

operation. 
 
2) What Are the Problems or Issues: The hull was originally designed to be efficient in both 
planning and displacement operation. However, the efficiency of the hull during displacement 
operation has been noted to suffer as a result of the square shape of the transom. In order to 
overcome this, a hydrofoil is currently being tested for the purposes of raising the transom during 
displacement operation as this will prevent the formation of eddies at the stern that rob the hull of 
hydrodynamic efficiency when it is not on plane.  
 
3) What Are We Trying to Improve: Hydrodynamic efficiency during displacement operation.  

 
B. Analysis of Design Concept 

 
1) Design Description: When the team began the process of discussing hull designs, the need for 
efficient planing and displacement operation was the guiding factor. The design process began with 
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shaving down some Styrofoam models and then moved onto a CAD representation and refinement of 
the chosen shape. Fig. 1 shows the hull shape as it was designed in CAD.  
 

 
Fig. 1 – CAD rendering of hull design 

 
Once a hull shape was determined it was decided that the hull would be constructed of carbon 
fiber in order to ensure that the hull was lightweight and durable. The three-part molding process 
that was used to create the hull was as follows: 

 

• Construction of the positive mold was a multi-stage process, as shown in Fig. 2. It began 
with constructing a wooden frame that was then covered with foam board and finally with 
Bondo automotive body filler and sanded flush.  

 
• Once the mold was true to form, a coat of high-build primer was applied, sanded, and 

buffed. 

 
                Wooden frame             Foam buildup          Foam Smoothing         Bondo Smoothing 
 
 
 

• The reinforced two-part negative mold, shown in  
Fig. 3, was constructed of fiberglass chopped strand 
fiberglass mat infused with polyester resin.  

 
 
• The first step in the vacuum forming process was to 

select a proper composite material layup schedule. 
This was carefully researched to ensure that our layup 
schedule was optimized. The layup included six (6) 
layers of 5.7 oz 3k, 2x2 twill weave bidirectional 
carbon fiber, three (3) layers of 9.0 oz unidirectional 
carbon fiber to reinforce the keel and bow, and one (1) 

Fig. 2 

Fig. 3 – Finished negative mold 
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layer of Lantor® Soric XF3 as a core material.  
 
• Based on research, the plies were arranged in the mold as follows:  

(2x) bidirectional, (1x) unidirectional, (1x) bidirectional, (1x) Soric, (2x) bidirectional, (1x) 
unidirectional, (1x) bidirectional, (1x) unidirectional. 

 
• The plies were then carefully cut to size, and a plywood reinforcement panel was laid 

symmetrically in between the plies to ensure maximum transom strength for the surface 
drive unit. The layup schedule was then covered with nylon peel ply to allow the vacuum 
bag and infusion materials to be easily separated after curing.  

 
 
 

 
 
 
 
 
 
 
 
 
 

Fig. 4 – Vacuum forming of the hull 
 

• Vacuum pressure was applied until complete epoxy infusion throughout, shown in Fig 4. 
After 48 hours, the hull was removed from the mold and the edges were trimmed from the 
part. 

 

• The hull was then sanded, coated with a marine-grade vinyl ester primer, wet-sanded, 
painted with a metallic blue finish automotive paint, and then finally coated with six coats 
of clear coat. A final wet sanding and buffing was performed. 

 

2) Design Alternatives/Tradeoffs: Many alternatives exist for every aspect of the hull’s design, 
from shape to composition. Discussion for next year’s hull design includes catamaran hybrid 
design, suitable for both low-speed displacement and high-speed planing operation. Construction 
material options discussed include fiberglass, thermoformed plastic, and carbon fiber. 
 
3) Rationale for Choice: We wanted our hull to be lightweight and strong enough so that it would 
not need of any additional reinforcement. As such, we chose carbon fiber. The Lantor® Soric XF3 
core was added to the layup to serve as an inter-laminar breather material and to add additional 
buoyancy to the construction.   

 
C. Design Testing and Evaluation 

 
1) Test Procedures: All hull testing consisted of on-water operation and observation. 
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2) Test Results: While the hull has consistently performed well during planning operation, it is not 
as efficient in displacement operation. While the team is currently satisfied with the boat’s 
performance while on plane, more testing with our hydrofoil is required in order to increase 
displacement efficiency.  
 
3) Evaluation of Performance: The hull is a great planning hull and, with additional work and 
testing on the team’s hydrofoil implementation, it is believed that the displacement performance 
will be substantially increased. 
 

 
VI. DRIVE TRAIN and STEERING 

 
A. Current Design 

 
1) Overview of Current Design: 

• Dual brushed Motenergy® ME1003 DC motors 
• Transom-mounted custom built Arneson-type surface drive. 
• Helm-adjustable electric trim. 
• Rudderless vectored-thrust steering controlled by a rotary helm and steering cable. 
• Interchangeable sprockets for variable gear ratios. 
• Easy propeller swapping. 
• Pilot controllable trim with dash-mounted position indicator. 

 
2) What Are the Problems or Issues: The current drivetrain and steering system function as 
designed and intended. There are no known problems or issues with these systems. 
 
3) What Are We Trying to Improve: Given the lack of issues or problems with our current 
system, no areas for improvement have been identified. 

 
B. Analysis of Design Concept 

 
1) Design Description: 

• The Arenson-type surface drive was designed and machined in MTSU’s machine shop by 
team members using pictures of existing designs as a guide. The drive, shown in Fig. 5, 
minus the propeller, consists of four main components: an oil-filled thrust tube which 
carries the propeller shaft; a spherical pivot that houses the double-cardan universal joint, 
the ball-socket housing that contains the spherical retainer ring and the primary driveshaft, 
and the driveshaft itself. The housings are all constructed of 6061-T6 aluminum, the 
spherical retainer ring is constructed of 360 brass alloy, and the driveshaft is hardened 
1018 cold-rolled steel. The fully assembled unit weighs approximately 50 pounds, 
including the trim and steering actuators. 
  
The universal joint was sourced from a Mercruiser® Stern Drive due to its ability to 
handle massive torque loads at several degrees from its central axis. The secondary shaft 
was then extended with the 1” O.D. 1018 steel stock to lengthen the propeller shaft to the 
necessary dimensions. The ball-and-socket joint in conjunction with the double-cardan u-
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joint enables omnidirectional steering and trim angles of up to 30 degrees from centerline 
of the drive unit. The propeller attaches at the aft section of the propeller shaft by means of 
a 3/16” key. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 5 – Completed surface drive with trim actuator 
 

• Steering is achieved through rotary helm and a steering cable connected to a mechanical 
arm located at the transom. The steering mechanism is shown in Fig. 6 below. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

• The motor drive plate and sprockets, shown in Fig. 7, were designed using AutoCAD and 
fabricated using computer numerical control (CNC) milling. An eccentric chain tensioner 
was added to allow for chain tension adjustment. Incorporated handles assist with lift. 

 
• The chain-and-sprocket system uses an inexpensive and readily available #40 roller chain. 

The sprockets currently in use are 25-tooth and 15-tooth sprockets. 
 
• A Michigan 9.5” diameter four-bladed propeller with added cuppings, shown in Fig. 8, 

was tested and selected for use in the sprint runs. A high-effeciency Torqueedo® three-

Fig. 6 – View of steering mechanism  
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bladed propeller, shown in Fig. 9, was tested and selected for use during the endurance 
runs. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 – Motor drive plate, sprockets, and chain tensioner 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
2) Rationale for Choice: 

• The Arenson-type surface drive was designed and machined in MTSU’s machine shop by 
team members. This type of drive unit allows for a fully adjustable trim while 
simultaneously eliminating the need of a steering rudder. A universal motor mount and 
swappable drive sprockets were adapted into the drivetrain design to allow full adjustment 
of torque and RPM specifications to aid in achieving the optimum drivetrain configuration 
through trial-and-error testing. Available on-hand parts included a commercially available 
rotary helm and steering cable for which the steering arm linkage was designed to 
accommodate. 

 
 

Fig. 8 – Michigan propeller Fig. 9 – Torqueedo propeller 
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C. Design Testing and Evaluation 
 
2) Test Procedures: Testing of the drivetrain and steering system initially took place in the lab. 
Once the team was satisfied with the functionality, on-water testing was performed. 
 
3) Test Results: Both drivetrain and the steering system functioned as designed resulting in both 
systems being deemed to meet the expectations of the team. 
 

 
VII. DATA ACQUISITION and COMMUNICATIONS 

 
A. Current Design 

 
1) Overview of Current Design: 

• On-shore telemetry station:  
o WL2410GM 1 watt Outdoor Wi Fi Access Point 
o Linksys R10000G Wireless-G Broadband Router, 2.4GHz 
o OM2415, 2.4 Ghz antenna, 15 Dbi gain 
o Dell laptop running Altrax motor controller configuration and GPS mapping 

software 
• Onboard the boat:  

o ASU 500mW, 2.4 GhZ Outdoor WiFi Access Point 
o Linksys R10000G Wireless-G Broadband Router, 2.4GHz 
o Lantronix RS232 to Ethernet converter 
o Uniden BC-GPSK Serial GPS Receiver 
o 8 dBi omni-directional Wi-Fi 

 
2) What Are the Problems or Issues: Our previous telemetry system employed three RS232 
radios modems onshore and three onboard the boat in order to facilitate the data link. However, 
due to a lack of error correction in this system, connectivity to the motor controllers would 
frequently fail.  
 
3) What Are We Trying to Improve: Connection reliability. The implementation of a long-range 
Wi-Fi based telemetry system for motor controller configuration and GPS data logging arose from 
the need for a system that provided built-in error correcting against data loss. The Wi-Fi based 
telemetry system’s IP connectivity scheme, with built-in error correction, eliminates the 
connectivity errors associated with the RS232 radio modems incorporated into last year’s 
telemetry system. 

 
B. Analysis of Design Concept 

 
1) Design Description: The shore station consists of a WL2410GM 1 watt outdoor Wi Fi access 
point connected to a Linksys R10000G wireless-G broadband 2.4GHz router. These units are 
housed in a Pelican case and attached to a dolly that serves as a mounting point for the OM2415, 
2.4 Ghz, 15 Dbi gain antenna. A laptop is setup on a small folding table and wirelessly connected 
to the Linksys router located in the Pelican case. The WL2410GM 1 watt outdoor Wi Fi access 
point located in the Pelican case connects to the ASU 500mW, 2.4 GhZ outdoor WiFi access point 
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located on the boat. A second Linksys router is connected to the boat’s access point, to which a 
Lantronix RS232 to Ethernet converter is connected. 
The Lantronix RS232 to Ethernet converter features two physical RS232 serial ports. One is 
connected to an AB switch box at the helm, with the A and B cable connected to the motor 
controllers. The other RS232 port provides connectivity for the Uniden BC-GPSK serial GPS 
receiver. 
 
The onshore laptop is running Lantronix virtual serial port software which allows the operating 
system to treat the RS232 ports located on the boat as physical ports located directly on the 
computer. As such, the Altrax motor controller configuration and GPS mapping software are able 
to seamlessly connect with the motor controller and the GPS antenna as if they were plugged 
directly into the laptop. 
 
2) Rationale for Choice: The Wi-Fi based telemetry system’s IP connectivity scheme, with built-
in error correction, eliminates the connectivity errors associated with the RS232 radio modems 
incorporated into last year’s telemetry system.  

 
C. Design Testing and Evaluation 

 
1) Test Procedures: The onshore and onboard systems were originally setup on two separate 
tables and located several rooms apart from each other. Once connectivity was verified, the 
onshore system was mounted into a Pelican® case and connectivity was again tested over a longer 
distance. 
 
2) Test Results: Testing has confirmed the reliability of this system and its suitability for porting 
onto next year’s boat.  
 
3) Evaluation of Performance: Because this system implements an IP connectivity scheme with 
built-in error correcting, and because it has a maximum range of 20 miles, it offers an 
expandability and robustness the previous telemetry system did not.  
 
4) Discussion: It is hoped that additional functionality will be added to this telemetry system in 
the future, to include streaming video and a private voice over IP (VOIP) communication line 
between the pilot and the shore station operator. While the required FRS radios will continue to 
provide communication between the pilot and the shore as required by the rules, a private VOIP 
connection would allow for full-duplex technical discussions and prevent unnecessary FRS radio 
chatter. 

 
 

VIII. PROJECT MANAGEMENT 
 
A. Team Members and Leadership Roles 
 
Aside from the roles of Captain and Co-Captains, there were only a few specific roles for team 
members. As new tasks presented themselves, all team members collaborated together to complete the 
tasks at hand before moving on to the next task. A few specialized tasks were granted to certain 
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individuals as determined by their level of expertise in that area. Aside from these specialized tasks, 
the majority of the tasks were completed as a collaborative effort.  
 
The Captain was responsible for all of the project scheduling, acquisition of materials, manpower 
allocation, and administrative duties. In his absence, one of the Co-Captains was responsible for 
fulfilling these duties.  
 
B. Project Planning and Schedule 
 
While the overall build could be considered to have gone exceptionally smooth, some difficulties did 
present themselves in construction scheduling. The acquisition of team members was also slow to 
ramp up. However, once a solid group of individuals was finally on the project, meeting team goals 
became less of a problem. Ultimately, construction was completed well before the competition 
providing adequate time for testing. Though a rigid schedule and timeline proved impossible to 
adhere to, all tasks were performed in a timely manner and the end result exceeded expectation. 
 
C. Financial and Fund-Raising 
 
The majority of funding for our project comes from the MTSU Student Government Association which 
gathers and allocates funds for student projects. Additional funding came from various grants and 
donations that were secured by the project’s faculty advisor. 

 
 

IX. CONCLUSIONS/RECOMMENDATIONS 
 
A. Did We Meet Our Overall and Sub-System Objectives? 
 
Our primary goal was to increase the hull’s efficiency during the endurance runs and to design and 
implement a telemetry system that was not plagued with the connectivity issues associated with our 
previous telemetry system.  
 
Through the implementation of a hydrofoil and additional testing we feel that the performance of the 
hull will meet the expectations of the team by the time the boat goes to the competition. Additionally, 
our new telemetry system has far exceed our expectations and will be more than suitable for porting on 
to the next build.  
 
B. Recommendations to Future Teams 
 
A recommendation to future teams would be to start early and identify all problems that will need to be 
overcome up front. No matter how hard we try we accept that we’ll never be able to achieve 100% 
optimization within our design given the time constraints within which he have to operate. However, 
every team hopes that the next will learn from the mistakes that are made and be able to avoid them in 
the next build.  
 
Like all of the experimental vehicles that are built by students at MTSU, this boat was built by 
individuals that have given every second of time they had to give. The Solar Splash offers a unique 
opportunity to gain hands on experience, build team skills, and gain insight into how others have 
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solved the problems we are trying to solve. Those of us who have participated in this build are proud of 
what we have accomplished and we look forward to the Solar Splash.  
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Appendix A: Optima® Battery Material Safety Data Sheet (MSDS) 
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Trojan® Battery Material Safety Data Sheet (MSDS) 
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Appendix B: Buoyancy Calculations 
 
The buoyancy calculations were performed after using Inventor to determine the volume of the of the 
integrated AB expanding foam blocks (Fig. B-1 and B-2).  
 

 

Fig. B-1 

 

Fig. B-2 

 
Next, the flotation value of the Ethafoam sponsons was calculated (these are the foam rails attached to 
the boat where the hull meets the top deck). 
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The manufactures states that a 9 foot section of the sponson material provides 45 lbs of flotation. Our 
installation features 15 foot of sponson material down each side, for a total of 30 linear feet. 
 
At  45 lbs of flotation per 9 foot section, that equates to 5 lbs of flotation per linear foot. 
 
30 feet x 5 lbs = 150 lbs of flotation attributable to the foam sponsons 
 
Next, the weight of the boat in both the sprint and endurance configuration was calculated using Excel 
(figure B-3). The maximum weight allowable for the battery packs was used in the weight calculation, 
and all weights were rounded up to the next whole pound.  
 
 

 

Table B-1 

Once the weights were totaled, it can be seen that the maximum weight of the boat occurs when it is in 
the endurance configuration, at which time it weighs 537 lbs (Table B-1). The foam has a density of 4 
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lbs per ft3. Using Excel it was determined that the foam and sponsons have a total combined flotation 
capacity of 953.873 lbs (Table B-2). This equates to a safety factor of  
75.77 %, which well exceeds the required safety factor of 20%.   
 

 

 

Table B-2 
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Appendix C: Proof of Insurance 
 
 
The following is a fax copy of the State of Tennessee’s Certificate of Self Insurance 
 
 

 
 
 
 
 
 
 
 



34 
 

Appendix D: Team Members 
 
Students 
 
Matthew Ham 
Team Captain 
Major: Electro Mechanical Engineering  
Sophmore 
 
Melissa Sanders 
Team Co Captain / Pilot 
Major: Mechatronics 
Junior 
 
Lindsey Blankenship 
Team Co Captain / Pilot 
Major: Physics 
Junior 
 
Nicholas A. Cronin 
Team Member 
Major: Mechatronics 
Junior 
 
David Sprouls 
Team Member 
Major: Mechatronics 
Freshman 

 
Frederico Martinez 
Team Member 
Major: Mechanical Engineering 
Freshman  
 
Cary Woodson 
Major: Engineering Management 
Graduate Assistant 
Experimental Vehicles Program 
 
Jeremy Posey 
Major: Engineering Management 
Graduate Assistant 
Experimental Vehicles Lab Director 
 
Faculty 
 
Rick Taylor 
Machine Shop Mentor 
ET Labs and Machine Shop Director 
 
Dr. Saeed Foroudastan 
Faculty Advisor 
Associate Dean for the College of Basic and 
Applied Sciences 
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Appendix E: Solar Panel Data Sheet 
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Appendix F: Motor Data Sheet 
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(NOTE: Page 4 of 4 of this document is blank and has been omitted from this report) 
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Appendix G: Controller Data Sheet 
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Appendix H: Optima Battery Manufacturer Specification Sheet 
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Appendix I: Trojan Battery Manufacturer Specification Sheet 
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Appendix J: Sprint Configuration Wiring Diagram 
 
The Sprint Configuration (Fig. L-1) features a 36 V battery pack, dual Altrax® AXE 4865 motor 
controllers, each connected to a Motenergy® ME1003 DC motor. A wireless telemetry system 
interfaces with the RS232 connections on the motor controllers and allows for onshore adjustment and 
monitoring of the performance of the controllers. 
 
 
 

 
 
 

Fig. L-1 – Sprint configuration 
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Appendix K: Endurance Configuration Wiring Diagram 
 
The endurance configuration (figure M-1) features a 24 V battery pack and dual 240 watt Renogy® 
polycrystalline solar panels. In addition to a reduction in available battery power and the addition of 
the solar panels, the endurance configuration differs from the sprint configuration in that one of the 
motor and controller sets is switched out of the electrical system in order to better manage available 
power. 
 
Initially, the output from the solar panels will be regulated through series connected charge controllers 
in order to prevent battery sulfation. However, once the sprint heat is underway, the charge controllers 
will be bypassed and the output from the panels will be allowed to flow unimpeded into the electrical 
system. While the boat is underway the applied load will prevent the solar panels from being able to 
overcharge the batteries. 
 
 

 
 

Fig. M-1 – Endurance configuration 


