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Executive Summary 
The Solar Splash Competition is a collegiate engineering event where various schools from 

around the world compete against each other to make the fastest, most agile, and most efficient 
solar-powered boat. In the past, Wright State University has competed in two of these 
competitions. In 2021, they received awards for placing third in the endurance race, for 
Outstanding Rookie Team, and for placing fifth overall. In 2022, they received the Innovation 
Award, the Outstanding Solar System Design Award, and placed sixth overall. Now, for the 2023 
competition, they plan to make even bigger waves. Their goal is to focus on an overall increase in 
performance compared to previous years while also giving team members the opportunity to gain 
invaluable engineering project experience. 

This year’s team consists of three mechanical engineering students and one electrical 
engineering student. Unfortunately, due to some issues with accidental electrical shorts and 
malfunctions leading up to and during last year’s competition, the team started with a damaged 
and un-operational boat. To restore the boat to a glory greater than she previously knew, the team 
began researching electrical systems and diagnosing the issues with the boat. It was concluded that 
nearly the entire electrical system needed to be replaced. A whole new system was designed. 
Notably, the decision to switch from a brushless motor to a brushed motor was made. The 
necessary components, like a new motor, solenoid, and reverse contactor, were purchased. The 
team already had a brushed motor controller that had been purchased by a past team. There were 
also some minor scratches and holes in the hull that were patched.  

Many of the ordered parts had quite the lead time for delivery so in the meantime, the team 
sought to make some quality-of-life changes to the boat. The electrical compartment was first to 
be redesigned. The old plywood battery boxes were replaced with sleek plexiglass boxes fitted 
with safety switches and quick connect/disconnect terminals. The box that houses all the other 
components was also redone with plexiglass and mounting positions for the existing and soon to 
be delivered components were specified. Then, the steering wheel was redesigned, and the 
dashboard was reorganized and clearly labeled. Everything was in place for the arrival of the new 
components.  

Once the ordered components were delivered and installed into the boat, testing was able 
to be conducted. Initial tests were conducted in a water tank at the school but as the boat became 
seaworthy, lake tests were able to be done. The team made several trips to the nearby Eastwood 
Metro Park Lake to obtain data on things like current draw and top speed. Additionally, these trips 
allowed the operator of the boat to get acquainted with the controls and the rest of the team to 
practice launching and reloading the boat. This was also a time where the team could look for 
further issues with the system. For example, during one trip, it was found that the driveshaft 
assembly was binding while running. The team then examined the driveshaft and determined that 
there was a poor seal and that after it was fixed, the assembly needed to be relubricated. 

Now that the boat had finally been brought to working order, the team could start making 
attempts to better performance: settings within the motor controller were explored, battery 
configurations were examined, different gear ratios were made, and a new propeller was fitted. 
Each of these redesigns were tested and optimized for each race.  

With hopes of making a bigger presence among the veteran schools, Wright State 
University’s 2023 team has completely revamped their boat’s system. As the competition draws 
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nearer, the team seeks further experience with their boat and prepares strategies for each event. 
Considering the amount of time spent this year getting the boat in working order, it is 
recommended to next year’s team that they focus on system optimization instead of repair. A goal 
for this year’s team is to leave the boat in good condition so that this may be done. 
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I. Overall Project Objectives 
 For the 2023 Solar Splash Competition, the team of students on the Wright State University 
team modified the existing boat that was used by the previous teams. The goal was to optimize 
and replace parts within the boat to increase the speed of the boat. After increasing the speed, the 
goal of the competition was to beat the previous teams time in the sprint and slalom races and 
number of laps in the endurance races. To increase the speed of the boat, the motor was to be 
replaced with a better performing one. The motor was to be used in both the sprint and endurance 
races. The dashboard of the boat was updated to provide the operator with more adjustability while 
on the water. The update to the dashboard added clearly labeled switches and throttle and newly 
designed steering wheel. The updated also included an updated and safer dead man switch. The 
storage compartments of the boat were designed to be lighter and aide in the ability to be removed. 

II. Solar System 
A. Current Design 
 In previous years, the WSU Solar Splash team has either used or designed a new set of 
solar panels. The team for the previous year bought four panels of BougeRV 120-watt solar panels. 
The BougeRV panels are 12-volt monocrystalline 5 busbar panels. The previous team built a frame 
to hold the panels with three panels side by side with the fourth panel connected to the center panel 
of the three. In Fig. 1 below, the current arrangement of the solar panels from the previous team. 
The panels were wired in two sets of series panels. The two sets were then wired into a Victron 
Energy Smart Solar MPPT 75/10 solar charge controller. The solar charger is able to continuously 
charge the batteries as long as there is sunlight. The charger is able to charge the batteries at 
complete depletion. The wiring of the solar panels and solar charger is shown in Fig. 2.  

 
Fig. 1. Current Solar Panel Arrangement 
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Fig. 2. Solar Panel Wiring Diagram 

B. Analysis of Design Concepts 
 The solar array output was checked to see that the output did not exceed the 480 Watts, 
bought, and 528 Watts student-built [1]. The panels were found to have a max output of 480 Watts 
under normal conditions. Therefore, it was decided to use the same panels as the previous team. 
The panels are only 1 to 1.5 years old at the time of competition. This allows for the panels to still 
be within their maximum output to lifespan. The reuse of panels saves the team money as no 
additional cost was associated with the solar system. 
C. Design Testing and Evaluation 
 The current solar panel array was evaluated to verify that the solar panels were still in 
operation. This testing was to attach the panels to the batteries to verify they can still charge them 
to 100% charge. This was achieved by taking the boat to the lake and running it until the batteries 
were nearly drained of power. The boat was then taken out of the water and allowed to sit in the 
sun. The batteries were charged to 100% quickly. This quick charge allowed the team to conclude 
that the solar panels were in working condition. 

III. Electrical System 
A. Wiring 

1) Current Design: The previous team wired the boat such that all of the wiring 
components are stored in the electrical box in the fourth section of the hull. From the 
electrical box, there are multiple wires that run along the side of the hull to the front where 
the skipper resides. The instrumentation on the dashboard of the boat includes a Victron 
Smart Battery Monitor, an emergency shut off switch, a throttle controller, and a dead-man 
switch, also known as a DMS.  

There was also a switch on the dashboard that had no wiring connecting it to the 
rest of the system. The electrical equipment is enclosed in a fiberboard box with all sides 
of the box covered in a layer of carbon fiber. The box has a lid that is attached with hinges. 
When the lid is closed, the inside of the box is unable to be viewed. This becomes harder 
when the solar panels are attached to the boat as one of the panels is above the box and 
preventing the box from being opened to view components. The box had holes cut into the 
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backside of the box. These holes allowed for water that splashed into the boat while in 
operation to pool inside the electrical box. 

All of the existing wiring had little fusing and diodes. Since there was little fusing 
and diodes, the previous team caused electrical components to short circuit within the boat. 
These components were removed from the boat and could not be reused in the boat.  
2) Analysis of Design Concepts: When looking over the current wiring layout of the hull, 
it was decided to remove the wiring the previous team created. In Fig. 3 below, the wiring 
is shown in its tangled mess of wiring and a portion of the electrical box.  

The wiring had wires that were cut off and lead to no point or electrical device. In the figure 
above, the box can be seen having multiple holes cut out of the side of the box. To evaluate 
if any of the wires worked in the previous setup, the boat was powered on and tried to see 
if anything would power up. Nothing would turn on using the main battery pack; therefore, 
the decision was made to remove all the wiring and wiring box from the boat and to restart 
with the rewiring of the boat. The only device within the boat that still would turn on was 
the bilge pump since it was on its on circuit and power source. 
 The box was removed from the boat along with the electrical components within 
the box. Any of the wires that could be saved and reused were set aside to be used when 
reinstalling the new box and components. Since the box was falling apart from the years 
of use, the decision to replace the electrical box was made. The old box has no reuse value 
to the team and was removed. The new electrical box is made of a wooden base board with 
plexiglass sides and lid. The new box is able to be inserted and removed from the boat hull 
at a quicker rate than the previous box. The box is now lighter and sturdier than before. 

Fig. 3. Starting Wiring Layout 
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3) Design Testing and Evaluation: The new wiring was designed such that each wire had 
a designated label and had a place to be within the wiring diagram. The wiring was then 
encased in a new electrical box. To support the plexiglass sides, strips of would were run 
along the corners of the box to mount the plexiglass onto. In Fig. 4 below, the new electrical 
box is shown. Inside the electrical box is a new battery box, to be discussed in the next 
section. The lid of the electrical box allows for the box to be closed and sealed. With the 
use of the plexiglass, the internals of the box can be viewed while the box is closed, and 
the solar panels attached to the boat. 

 
Fig. 4. New Electrical Box 

After the completion of the electrical box, the new wiring was added to the boat. In 
Fig. 5 below, the new wiring schematic is shown. The wiring schematic provides power to 
the switches in the front of the boat. The wires within the boat are all separate colors and 
labeled as to what the wires do and where they go. With the newly added wiring, new safety 
features are added to improve the safety of the boat. New fusing was added to prevent the 
overcharging and powering of the system were added throughout the system. Along with 
the fusing, new diodes were added to prevent the back feeding of current between 
components.  

 
Fig. 5. New Wiring Diagram 
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B. Batteries 

1) Current Design: The current batteries in use by the previous team are two sets of four 
batteries. In each set is two ODYSSEY AGM30E and two ODYSSEY AGM40E. The 
AGM30E batteries have a voltage of 12 Volts and 32 Amp-Hour [2], and the AGM40E 
batteries have a voltage of 12 Volts and 43 Amp-Hour [3] as shown in Appendix A. The 
one set of batteries has the two AGM40E batteries in series connected to the two AGM30E 
batteries, which are in parallel together. This gives the set a total voltage of 36 Volts and 
105 Amp-Hours. The other set is a parallel set with one side of the parallel being the two 
AGM40E in series and the other side of the parallel being the two AGM30E in series. The 
total for the set has a voltage of 24 Volts and 90 Amp-Hours. The AGM30E and AGM40E 
batteries used can be found in Fig. 6 and Fig. 7 below respectively. 

 
Fig. 6. ODYSSEY AGM30E (PC950) 

 
Fig. 7. ODYSSEY AGM40E (PC1100) 

 Each set of batteries had its own battery box. Each battery box was made out of 
3/4-inch plywood. Within each box, there was an elevated platform to bring the smaller 
AGM30E battery top to the same elevation as the AGM40E. The boxes had an open top 
and two cables extruding from the side of the box for connections to the rest of the electrical 
system. To connect the battery box to the electrical system of the boat, the two cables that 
extruded from the box were bolted to the wires of the electrical system. There was no 
protection from there being arcing between the cables or from an object falling onto the 
cables creating a short circuit. Below in Fig. 8 is the battery box designed and created by 
the previous team. The space between the batteries and the edge of the box is in excess. 
The batteries were able to slide around while hauling the boat between the testing site and 
the university. They also shifted when the boat was in motion on the water. The shifting of 
the batteries within the boxes caused the center of mass of the boat to shift side to side will 
on the water. When the boxes are empty, they weigh approximately 21 lbs. 
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Fig. 8. Existing Battery Box 

2) Analysis of Design Concepts: When analyzing the current batteries, it was decided to 
continue to use the existing batteries. The previous team purchased these batteries. The 
batteries were able to work for the team last year. To evaluate the batteries to verify their 
performance, they work connected to the new motor and a load applied. It was concluded 
that two of the batteries needed to be replaced because they were unable to be recharged 
once they were drained completely dead.  
 The existing battery boxes were heavy and hard to remove from the boat. The 
design of the box was looked at to optimize the time it takes to switch out battery packs 
and reduce weight of the boxes. 
3) Design Testing and Evaluation: The new battery configuration used is similar to one 
of the existing sets. The only change is to the 24 Volt set. The new set continues to utilize 
two parallel lines of batteries in series. The new change is to that both sides of the parallel 
set are the same. To accomplish this, a side of the battery is to have an AGM40E battery 
in series with an AGM30E battery. This change means that both sides of the battery set 
have the same amp-hour rating. With the new set up the batteries were evaluated such that 
the batteries still provide enough power to operate the boat. 
 The decision to rebuild the battery boxes was made to optimize the space within 
the electrical box. The new boxes provided space between the battery box and the electrical 
box to run wires and access the wires without the need to remove the battery box. The 
battery box also has less space within the box for the batteries to shift around. There were 
also new features added to the batteries that previously were not added. A new power 
switch dial was added to the side of the box. The switch allows for the de-energization of 
the entire boat for maintenance. The second addition to the battery boxes is the use of a 
quick disconnect plug. The new plug allows for quick connection of the boxes when 
switching boxes. The new battery boxes can be seen in Fig. 9 below. The new boxes 
eliminate 9 lbs. This means that the new boxes with the switch and lid have a weight of 12 
lbs. 
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Fig. 9. New Battery Box 

IV. Power Electronics System 
A. Current Design 
 The 2022 team used a TALON HV120 MCU (Motor Control Unit). This was a 3-phase 
motor controller. The controller functioned as an inverter to convert the DC (Direct Current) power 
from the battery pack to AC (Alternating Current) power for the motor. This controller was used 
with the brushless AC motor, which will be discussed in the motor section. The controller was 
found to be nonfunctional at the end of the 2022 competition. This controller that they were using 
was purchased before the competition to replace the other controller they had been using. They 
needed to find a new controller since the previous was fried. The controller was not thoroughly 
researched and evaluated to see if it would work properly with all the other components and motor 
in the boat. 

They also had an ALLTRAX SR72400 controller that came with the donation of the hull. 
The team purchased an additional controller. The controller they bought was an ALLTRAX 
SR48600 controller shown in Fig. 10 below. This controller was never used as they did not have 
a brush DC motor to use the controller for.  

 
Fig. 10. ALTRAX SR48600 Controller 

B. Analysis of Design Concepts 
 The team decided to use the ALLTRAX SR48600 controller for the design of this year’s 
boat. The controller had not been used so it was still new and had no electrical issues associated 
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with it. The controller had multiple features available with it. The controller has computer software 
called ALLTRAX Toolkit. The toolkit allows for the customization of the settings built into the 
controller. The controller has the ability to run any DC brushed motor that runs at 12 to 48 Volts 
and less than 600 Amps. The use of this controller dictated the choice of motors discussed in the 
motor section below. 
C. Design Testing and Evaluation 
 No design testing was conducted on the controller prior to the use of a motor. 

V. Hull Design 
 The hull used by the previous teams is a carbon fiber hull. The hull is approximately 19 
feet long by 2 feet wide by 2 feet deep. Of the 2 feet depth, 1 foot is above the water line and the 
other foot is below the water line. This hull was donated to a previous team from Sherbrooke 
University in Quebec, Canada. The hull is shaped similarly to a kayak. There is an outrigger on 
both sides of the hull. These outriggers provide a stabilization and buoyancy factor to the boat. 
The solar panels mentioned previously mount to the top of the hull. In Fig. 11 below, the hull that 
was gifted to WSU. The hull is broken up into five sections. From the front of the hull to the back, 
the first section is the skippers compartment where the skipper sits, and control dashboard are 
situated. The next section of the hull is the safety compartment. In the safety compartment, there 
is an air horn, safety flags, anchor, oar, and a fire extinguisher. The next section is the ballast 
compartment. The ballast compartment sits empty if the skipper is over 70 kg. If the skipper weighs 
less than 70 kg, a ballast will be added into the compartment to make up the difference [1]. The 
second to last section is the electrical compartment. This compartment houses all of the boats 
electrical devices and battery sets. The top of the compartment is open, but as previously discussed 
the electrical box closes to seal off the compartment. The last section of the hull is the drivetrain 
compartment. In this area sits the motor and drivetrain belt. The belt and top of the drivetrain shaft 
is covered with a plexiglass sheet to protect the belt from external forces and to protect the skipper 
from a blown belt. 
 The hull that was used has proven to work well in the competition for the previous teams. 
The hull has little drag acting upon it due to its narrow shape and long design. Due to the size and 
outriggers of the boat, there is a greater buoyancy force acting upon the boat, as shown in 
Appendix B. The team has decided to reuse the same hull and to make no changes to the design 
of the hull. 

 
Fig. 11. Carbon Fiber Boat Hull 
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VI. Drive Train and Steering 
A. Motor 

1) Current Design: The boat used a Motenergy ME1306 motor. This was a three-phase 
brushless motor. During the competition last year, the motor was working for the team, but 
the motor had a history of overheating during the endurance race. The overheating caused 
the team to only be able to drive the boat for about 20 to 30 seconds. Then after 20 to 30 
seconds, they would have to stop and let the motor cool down. Once the motor cooled 
down, they were able to repeat the cycle of  using the motor for short bursts then stopping.  

The constant use then stopping the motor and the motor overheating caused one of 
the phases in the motor to pop. A brushless DC motor consists of a permanent magnet by 
the use of three coils in the use as electromagnets. Each electromagnet represents a phase. 
The electromagnets are powered by short bursts to rotate the permanent magnet [4]. When 
one of the phases popped, that removed one of the electromagnets. Without the 
electromagnet, the permanent magnet was able to spin past the first two phases and then 
stopped at the third phase since there was no polarity to attract or repel the magnet. The 
motor was no longer able to be used without sending the motor off to have the phase reset. 
2) Analysis of Design Concepts: The team decided to look into finding a new motor that 
would work. This decision was made on the basis that we could get a new motor faster and 
more cost-efficient than having the motor reset. The new motor would be more cost-
efficient since there would be no need to purchase a new motor control unit.  
 The team researched three motors to be used for the boat. All three of the motors 
are produced by Motenergy and are brushed DC motors. The reasoning behind the usage 
of a Motenergy motor was that the previous teams had been using Motenergy motors and 
the mounting plate for the motor was designed and fabricated to be used for a Motenergy 
motor. The first motor was a Motenergy ME1004 motor. The next was a Motenergy 
ME1513. The final motor was a Motenergy ME0909. Each motor was compared to one 
another in six categories. The categories were the voltage range, continuous running 
amperage, peak amperage, peak amperage run time, weight, and price. The motors were 
scored one to three in each category. The scoring always started at one. So, if in a category 
two motors had the same values, they were given the same score and that the said category 
only had a score of one and two.  

In Table 1 below, the scores from the comparisons can be seen. For the voltage 
range comparison, the larger the range of voltages that the motor could hand the higher the 
score. The next category was the continuous running amperage with the highest amperage 
receiving the highest score. The next category was the peak amperage and peak amperage 
time. The higher the peak amperage and longer the peak time receiving the higher score. 
The next category was the weight with the lightest motor receiving a higher score. The 
final category was the price. The motor that cost the least was awarded the highest score. 
The scores were added together and the motor with the highest score was the best motor 
for the boat. 
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Table 1: Motor Comparisons 
Motor  

(Motenergy) 
Voltage  
Range 

Cont.  
Amps 

Peak  
Amps 

Peak  
Time 

Weight Price Total 

ME1004 2 1 1 1 2 2 9 

ME1513 1 2 1 2 3 3 12 

ME0909 2 3 2 2 1 1 11 

 After comparing the scores from the table above, the best motor according to the table was 
the Motenergy ME1513. When looking to purchase the Motenergy ME1513, the lead time on the 
motors was a large factor in purchasing the motor. The motor had a large lead time to purchase it. 
The decision was made to go with the next best motor, the Motenergy ME0909. The motor scored 
only one point behind the Motenergy ME1513. The ME0909 had the same peak amperage time as 
the ME1513 but had a higher continuous amperage and peak amperage than the ME1513. The 
only downside to the ME0909 motor is the weight of the motor and the cost of it. The cost of the 
motor and weight was much greater than the ME1513. Therefore, the ME0909 motor was 
purchased for the use for this year’s team. In Fig. 12 below, the ME0909 motor purchased can be 
seen. 

  
Fig. 12. Motenergy ME0909 DC Motor 

3) Design Testing and Evaluation:  The motor was able to be placed into the boat upon its 
arrival. The motor was run under no load at the continuous amperage of 100 Amps and the 
peak amperage of 300 Amps to verify the motor was able to run. After the confirmation 
that the wiring was hooked up correctly, testing of the motor and system was performed. 
To evaluate the system in house, the use of a tank built by the previous team was filled 
with water and the back end of the boat was set into the tank. The motor was then powered 
on and run under 100 Amps of continuous load. 
 With the use of the two finned propeller used by last year’s team, to be discussed 
in the propeller section below, we found that we were able to obtain a rotational speed of 
approximately 400 RPMs when the motor is loaded. From this testing, it was determined 
to purchase a backup motor of the same one in case of an emergency. 
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B. Gears and Gear Ratios 
1) Current Design:  The boat currently used a set of two gears being the same profile. They 
are both meant for the use of a HTD 8M timing belt. The gears have 27 teeth on them. They 
allow the driveshaft and motor to spin at the same rate. This setup does not allow for there 
to be any change in the torque or speed between the motor and driveshaft. The belts have 
been shredded so there are spare belts laying around for use with the gears. From the gear 
at the top of the driveshaft to the propeller, the gear ratio was a 1 to 1 ratio. 
2) Analysis of Design Concepts:  To allow for changes to the gear ratio, it was decided to 
create new gears. The new gears would still utilize the 8M timing belt tooth profile. The 
use of the 8M timing belt allows for the use of the existing gears and the new gears. The 
gears being made would have 18 teeth and 36 teeth. The new gears give us additional gear 
ratios on top of the existing 1 to 1. The new ratios would be 3 to 2, 4 to 3, and 2 to 1. The 
gears were analyzed to have the max force applied to the gear for the max speed of the 
motor with the highest current. In Fig. 13 below, the stress analysis for the gears is shown. 
The torque being applied by the motor was divided by the radius of the gear teeth to find 
the force being applied to the gear. On one side of each tooth of the gear the max force was 
applied. The gear was meshed, and simulation ran.  

 
Fig. 13. Stress Analysis of Gears 

The 18-tooth gear shown on the left side of Fig. 13 has its highest stress 
concentration at the base of the teeth. Then in the center of the gear where the gear connects 
to the shaft, there is a high stress above the yield strength. The 36-tooth gear shown on the 
right side of Fig. 13 has its highest stress concentration at center of the gear, where the 
stress above the yield strength. There is also a slightly elevated stress concentration at the 
base of the teeth, but the stress concentration is below the yield strength of the material. 
The stresses shown in the figure above represents the highest stress due to the highest 
torque. It was found that the motor does not reach its max rotational speed when put on a 
load. Therefore, it was decided that since the motor does not reach its max speed that the 
analysis passed.  

An additional goal was to take apart the driveshaft and casing. After taking apart 
the driveshaft and casing, the goal was to rebuild the driveshaft and gear ratios. The layout 
was to rebuild the driveshaft such that the power input is going directly into a single 
spinning shaft to prevent the power loss of a spinning shaft with nothing attached. The 
second shaft causes additional stress points in the gearing within the driveshaft and 
additional friction from the sealing gaskets and O-rings. 
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3) Design Testing and Evaluation: The gears were printed out of ABS prior to fabrication. 
The printed gears were used to evaluate the concept of the gears. The teeth of the gears 
matched the belt profile. The gear ratios with the larger gear on the motor increased the 
speed of the driveshaft. After confirming that the gears provided a higher speed on the 
shaft, the gears were manufactured in house. The 3D printed gears were able to be used for 
some time, but due to the material being soft the material started wearing away with every 
cycle. The gears needed to be manufactured out of a material that was suitable to last 
repeated use. The materials selected were aluminum due to its cost efficiency and the 
majority of the material were available without additional purchasing. The 36-tooth gear 
was cut using an EDM to cut the profile of the teeth was cut out of an aluminum disc. The 
18-tooth gear was cut from a rod of HTD 8M Timing Belt stock material. The gears were 
then topped with a 1/4-inch plate aluminum on both sides of the gear. In Fig. 14 below, the 
gears that were cut made out of aluminum and steel can be seen.  

 

 
Fig. 14. 36-Tooth Gear (Left) & 18-Tooth Gear (Right) 

C. Propeller 
1) Current Design:  The boat previously utilized two propellers, or props for short. One of 
the props used was a large 18-inch diameter and a pitch of 20-inches, as shown in Fig. 15 
below. The prop has proven to work well in the endurance races as it moves slowly and 
steady to get through the water. The other prop that has been used is a set of two counter-
rotating four finned props. These props have been proven to eliminate the twisting torque 
from the resting position. They did not provide any additional benefits to the boat and have 
not been used often. 

 
Fig. 15. 20-Inch Prop. 
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2) Analysis of Design Concept: N/A 
3) Design Testing and Evaluation:  The team had a propeller donated to it. The prop is a 
10-inch diameter and a pitch of 10-inches mixing prop, shown in Fig. 16 below. The prop 
was donated by DAP. The propeller needed to be modified so that it would fit on the 
propeller shaft. The propeller’s center bore hole was bored to a larger diameter and replaced 
the set screw with one that sat below the surface. The prop was evaluated against the 
existing prop. The existing prop was able to accelerate the boat up to approximately 6 MPH 
(or 2.68m/s) and the new prop reached a speed of approximately 10 MPH (or 4.47 m/s). It 
was decided to use the new prop in combination with the new gear ratios for the sprint race. 
The existing prop was going to continue being used for the endurance race.  

 
Fig. 16. 10-Inch Prop. 

D. Steering 
1) Current Design:  The boat utilizes two separate rudders. One rudder for steering the 
boat in the maneuverability race and one for the endurance and sprint races. The rudder for 
the maneuverability race consists of a long and wide rudder. The long and wide rudder 
provide more surface area to allow for easy and fast change in direction. The rudder used 
in the endurance and sprint races is a short and narrow rudder. The rudder is short and 
narrow to provide less surface area. The less surface area provides less area for there to be 
drag acting upon to slow the boat down. The rudders have functioned well for the previous 
teams, so no changes were made to the rudders other than resealing the maneuverability 
rudder. 
 The rudders are controlled by a pulley system that is attached to a steering wheel at 
the front of the boat. The previous team was using the steering wheel that was attached to 
the boat. The steering wheel was shaped similarly to that of a gaming system controller. 
The steering wheel had triggers attached to the backside that provided no functionality to 
the boat and a thumb throttle controller that also provided no functionality. The decision 
was made to replace the steering wheel with a new circular shaped wheel similar to that of 
a car steering wheel. 
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2) Analysis of Design Concepts: The new steering wheel was modeled in SolidWorks so 
that it would be able to attach to the existing steering wheel frame and mounting bracket. 
The new steering wheel was to be printed in house out of ABS and the reuse of the 
aluminum mounting bracket. The model was analyzed for an extreme torque applied while 
turning the wheel. The stress analysis can be found in Fig. 17 below. In the stress analysis 
a force applied at the quarter points of the steering wheel acting in a clockwise direction 
around the center. The part was meshed, and simulation ran. The stress was compared to 
the maximum allowable stress. The new steering wheel did not experience any stress near 
the allowable stress. The two halves of the model were sent off to be manufactured. In Fig 
18 below the existing steering wheel is shown in comparison to the newly manufactured 
steering wheel. 

 
Fig. 17. Stress Analysis of Steering Wheel 

 
Fig. 18. Existing Steering Wheel (Left) & New Steering Wheel (Right) 

VII. Data Acquisition and/or Communications 
 The current data acquisition for the boat consists of the use of a Galaxy tablet connected 
via Bluetooth to a Victron Smart Battery shunt inside the battery boxes and the Victron Energy 
Smart Solar MPPT 75/10 solar charge controller. This allows for the skipper to view the live 
current draw, solar panel power, and battery life. This data is then relayed to the team on shore 
through a pair of Walkie-Talkies. It was decided that there would be no change to this system 
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other than to use a hotspot on the boat to live stream the tablet screen to the shore for the team to 
be able to see the same data as the skipper without relying on the skipper. In addition to the 
tablet, a USB tachometer was added to the drive shaft. The USB tachometer connects to an app 
on the tablet to give what speed the motor and driveshaft are spinning at. 

VIII. Project Management 
The Wright State University Solar Splash team is a senior design project. The team consists 

of four seniors supervised by two academic advisors. The team this year consists of three 
mechanical engineering students and one electrical engineering student (refer to Appendix D). To 
be on the team the student applies to for the project through their senior design class. The students 
are then divided into projects. If placed on the Solar Splash team, students must create the goals 
for the project and work for funding. The students meet with their advisors weekly and their 
classroom advisor at least once a month.  

The team is funded by a grant won from the Ohio Space Grant Consortium (OSGC). The 
grants stipulation for the winning university to match half the award amount. The total funding 
available was used in the purchasing of equipment and materials. The team then received 
additional funding from Dr. Menart and the AES for the purchasing of batteries for renewable 
energy research. Funding provided per source can be found in Table 3 in Appendix E. 

To design each sub-system of the project, each member of the team was given a role to 
focus their attention on along with doing background research on the project and system. Evan 
oversaw the reuse of the propellers and possible new propellers. Chase and Brice oversaw the 
development of the motor and gears. Bryar oversaw the development and analysis of the electrical 
systems. All of the other sub-systems were overseen by anyone who completed or were in a break 
from their system. Evan, Chase, and Brice did the manufacturing of the new boxes. The gears 
being made were done by Brice. Chase and Brice completed purchasing.  

To help future teams working on the project, the team is available to be contacted for any 
questions or advice. The teams will also have access to all research and receipts from the report.  

IX. Conclusion and Recommendations 
 The WSU Solar Splash team performed maintenance on the 2022 boat to get it back into 
working condition. After getting the boat into working condition classroom lessons were used to 
modify the boat to increase the speed and efficiency of the boat. The focus to improve the boat 
happened in the motor and drivetrain. There were lessons in the project and time management of 
the project. The team worked as one unit to obtain a common goal of improving the solar splash 
boat and to improve the future of renewable energy and transportation. The team wanted to take 
apart the driveshaft, but due to time restraints, the driveshaft was not touched. If a future team is 
able to remove the existing driveshaft and replace it with a new one, in theory there should be less 
power lose due to the two shafts.  



Wright State University   Solar Splash Competition 2023 

20 
 

References 
 
[1] "Rules - Handbook," SOLAR SPLASH, [Online]. Available: http://solarsplash.com/rules/handbook/#1. 

[Accessed 30 August 2022]. 

[2] " ODS-AGM30E (PC950) odyssey extreme series battery: Odyssey® battery," ODYSSEY Battery, 19 
November 2021. [Online]. Available: https://www.odysseybattery.com/products/ods-agm30e-
battery-pc950/. [Accessed 26 February 2023]. 

[3] " ODS-AGM40E (PC1100) odyssey extreme series battery: Odyssey® battery," ODYSSEY Battery, 19 
November 2021. [Online]. Available: https://www.odysseybattery.com/products/ods-agm40e-
battery-pc1100/. [Accessed 26 February 2023]. 

[4] Titp, "Brushed vs. Brushless Motoes: What are the Differences?," Rx Mechanic, July 2022. [Online]. 
Available: https://rxmechanic.com/brushed-vs-brushless/. [Accessed 23 September 2022]. 

 
 

Acknowledgements 
We would like to take the time to thank the following groups and people who helped contribute to 
this year’s Wright State Solar Splash. 
 
The following groups provided funding for to the team: 

The Ohio Space Grant Consortium (OSGC) 
Wright State University Mechanical and Materials Engineering Department 

Without these groups, we would not have been able to fund the development of the Solar Splash 
boat or been able to compete at the competition. 
 
We would also like to thank Dr. James Menart and the AES for donating the funds to purchase 
new batteries to replace the bad batteries.  
  



Wright State University   Solar Splash Competition 2023 

21 
 

Appendix A: Battery Documentation 
A. ODS-AGM30E (PC950) 
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B. ODS-AGM40E (PC1100) 
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C. SDS for ODYSSEY Batteries 

 



Wright State University   Solar Splash Competition 2023 

24 
 

 



Wright State University   Solar Splash Competition 2023 

25 
 

 



Wright State University   Solar Splash Competition 2023 

26 
 

 



Wright State University   Solar Splash Competition 2023 

27 
 

 



Wright State University   Solar Splash Competition 2023 

28 
 

 



Wright State University   Solar Splash Competition 2023 

29 
 

Appendix B: Flotation Calculations 
 For the 2023 competition, the weight of the boat is approximately 320 pounds and 365 
pounds in the sprint and endurance configurations, respectively. Per the Solar Splash Rules, a 
factor of safety of 1.2 must be included in the flotation calculations [1]. Therefore, the sprint 
configuration needs a buoyancy of 384 pounds and the endurance configuration is 438 pounds. 
The buoyant force for the boat is calculated using the Archimedes Principle. The properties of 
water used was for water at 65F. Using Equation 1 below, the buoyant force can be calculated. 

�� = � ∗ ��              (1) 
The hull was measured to have a volume of 4.98 ft3. The boat also has outriggers to help stabilize 
the boat, they provide an additional buoyancy force. Their buoyancy value will be added to the 
total buoyancy force. The batteries are attached to the hull when the boat is in motion, and they 
are watertight. This means that each battery would have a buoyancy force acting upon it. The 
volume for ODYSSEY AGM30E and AGM40E were calculated per the specifications in 
Appendix A. From Equation 1, the buoyancy was calculated and collected in Table 2 below. 
Table 2: Buoyancy Forces 

Object Volume, ft3 Buoyancy 
Force, lbs. 

Quantity Total Buoyancy 
Force, lbs. 

Hull 4.98 310.87 1 310.87 

Stabilizers 0.8476 52.89 2 105.77 

AGM30E 0.1315 8.20 2 16.41 

AGM40E 0.1746 10.90 2 21.79 
 
 From the table the total buoyant force acting upon the hull is 454.84 lbs. This is greater 
than both the required values for the sprint and endurance configurations. The current buoyancy 
force gives the sprint configuration a factor of safety of 1.42.  the endurance configuration has a 
factor of safety of 1.24.  
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Appendix C: Proof of Insurance 
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Appendix D: Team Roster 
Dr. Craig Baudendistel......................................... Faculty Advisor 

craig.baudendistel@wright.edu  
Dr. Mitch Wolff ................................................... Faculty Advisor         

mitch.wolf@wrigh.edu  
Evan Hannon ...................................................... 2023 Mechanical Engineering 

hannon.9@wright.edu  
Chase Mansell ...................................................... 2023 Mechanical Engineering 

mansell.6@wright.edu  
Bryar Powell ...................................................... 2023 Electrical Engineering 

powell.253@wright.edu  
Brice Prigge ...................................................... 2023 Mechanical Engineering 

prigge.2@wright.edu  
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Appendix E: Budget 
A) Starting Funds 
Table 3: WSU Solar Splash Budget 

Funding Source Funding 

Starting Budget $0.00 

OSGC Grant $5,000.00 

Wright State University Mechanical 
& Materials Engineering 

$2,500.00 

AEP & Dr. Menart $1,200.00 

Total Budget $8,700.00 
B) Current Spending at Time of Submission 
Table 4: Current Budget Spending 

Item(s) Cost 

Battery Charger $150.00 

New Motors $1,200.00 

New Batteries $1,400.00 

Electrical Components $1,100.00 

Hardware And Materials $700.00 

Data Equipment $500.00 

Tools $150.00 

Manufacturing Fee $300.00 

Entry Fee $900.00 

Total $6,400.00 
C) Remaining Funds and Plans 
At the time of the submission of this report. There is currently $2,300.00 remaining in the WSU 
Solar Splash budget. The remaining budget will be used to purchase new safety equipment, such 
as a new life jacket and fire extinguisher. The remaining money will be used in the purchasing of 
spare parts and electrical components. 


