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Executive Summary

The year 2024 marks the first competition post-COVID-19 pandemic that the University
of Rochester team was able to reignite our Solar Splash club and produce a functioning boat.
Although we tried to compete last year, there were several obstacles. To streamline getting back
to competition, we build around the 2019 setup. We reused expensive equipment and followed
similar circuits but had to revamp it to ensure functionality and modernization. For example,
internal structures, like the hull, are different and built with wood. Reusing previous work helped
save time and money. Our budget was cut in half after we needed help. We needed help to buy
newer equipment.

Our propeller project aims to design, simulate, manufacture, and test a toroidal propeller
for the endurance race, aiming for significantly improved efficiency compared to the current
propeller. The current propeller's efficiency needs to meet the requirements for optimal
performance, posing a challenge for the upcoming competition on June 4th. We aim to devise a
propeller solution that maximizes efficiency, bolstering the team's competitive edge in the Solar
Splash endurance event.

Last year, we faced a tough challenge while designing a new boat. It turned out to be
more complicated than expected, and we changed our approach. Instead of building a new hull
from scratch, we refurbished an old one. This shift came with difficulties and required significant
time and money. We encountered unexpected problems and had to absorb some initial costs.
Despite the initial setbacks, our team persisted and collectively reevaluated our goals and
strategies. This led us to the right path. As we refurbish the 2019 previously used boat, we've
overcome challenges and gained valuable insights for a more efficient approach. We can
reference their tech report and see their regrets. We are adapting and re-innovating. Although the
process involved some wasted time and money, our current progress indicates that we're heading
in the right direction, with lessons learned from overcoming obstacles.

Since we recruited many more team members, we can ensure our club’s longevity and
ability to dedicate time outside engineering work. Our organization actively engages with UR
departments and the Greater Rochester community through volunteering in events like STEM
Initiative Day of Science and the Engineering Open House. During the Day of Science, local
schools explore science through interactive exhibits and experiments. We contribute by
organizing engaging activities, including incorporating boats into our station, to spark interest in
STEM fields. We also volunteer at the Engineering Open House, which allows us to showcase
our work and actively share our enthusiasm for science and engineering with students, including
those considering the University of Rochester for their education. Through these interactions, we
seek to establish meaningful connections between our organization, the University of Rochester,
and the local community, contributing to the broader promotion of science education and
inspiring the next generation of students to pursue STEM disciplines.

We are very proud of the University of Rochester Solar Splash team's work this year.
We’ve made significant progress in our engineering work, involvement in our campus
community, and overall mission of racing a successful boat at the Solar Splash competition. We
look forward to the competition!
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I. Overall Project Objectives

Our objectives for this year focused on our drivetrain and modeling boat components. We
identified several objectives in each area, which we worked on throughout the year.

We had the following goals in mind for our drivetrain:
● Purchase new batteries compatible with all events: Previously, we had a set of

batteries for sprint and endurance. However, both sets were deemed unusable. As the
batteries sat, the batteries self-discharged. The budget was portioned to purchase new
batteries. Our budget cuts from previous years prevent purchases of different battery sets.
A new project arose from needing to find batteries that would perform well in all events.
The new batteries have a different amperage than the past years. We needed to adapt our
drivetrain and update the power budget.

● Solar Panels with new rule change: In our team's last competition, there was a 480W
limit on panels, which has now been set to 720W. Further, the solar arrangement must
now remain the same for all events. Since a tracking solar stand could not be used, this
left the team with the task of using the best panel configuration to maximize power
received while keeping the design ideal for all events by balancing aerodynamics and
optimal position to the sun. Additionally, with panels laying flat, we wished to explore a
design utilizing hinges to easily access electronics beneath the panels.

In the boat modeling area, we built on the work we started in the 2019 year:
● Refurbishing the hull: The Great Canadian hull was used in the 2019 competition. Since

then, the club has tried to build its own hull from scratch. Unfortunately, the 2023 season
did not produce a new hull. Instead, the Great Canadian hull was reused. A big obstacle
was that the hull was left outside. There was necessary clean-up, re-exposing, and
repainting to get the hull to a cleaner, usable state.

● CAD Modeling: After confirming the 2019 hull as our hull, we utilized Fusion 360
software to create a detailed CAD model. This allowed us to make precise adjustments to
optimize the hull's center of mass. With the hull completed, we focused on designing the
internal framework and mechanisms for weight displacement. CAD modeling was
essential throughout, providing valuable insights into aerodynamics, structure, and weight
distribution, ultimately improving the overall performance of our design.

● New Propeller Design:We decided to research and create our endurance propeller based
on the toroidal propeller from MIT. We could model the current and newly designed
toroidal propellers using NX. Then, Star CCM+ was utilized for the CFD testing. We also
3D-printed the toroidal propeller. Then, we tested the toroidal and current propeller in a
water tank. Our goal was to see an increase in torque efficiency, and we hope to use a
computer numerical control (CNC) machine to produce a robust, functional design.

Our team’s main objective was restoring functionality to old systems. Pursuing this goal has
resparked our club’s participation in the competition. We are a well-known engineering club on
campus and have increased membership interest. Our team understands the systems and can
work on upgrading specifics next year. The club has longevity with committed students!
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II. Data Acquisition and Communication
A. Current Design

The current design of the data acquisition and communications system (the “telemetry”
system) is the cumulative result of previous years’ work. The telemetry system is at the center of
the data and control of the boat. It consists of several parts:

● Telemetry Server: This central hub aggregates sensor values, stores, and transmits these
values.

● Telemetry Protocol: The communication method(s) used to pass data between the
telemetry server and sensors.

● Telemetry Sensor Nodes: These computational nodes collect data from related sensors
and transmit packed binary data to the telemetry server.

● Telemetry Monitoring UI: Software, both on the boat and onshore, for monitoring and
analysis of the recorded data.

At the center of the boat’s telemetry system is a Raspberry Pi, functioning as the
telemetry server. It is responsible for managing USB connections to devices. Fig. 1 is a
schematic of the server containing telemetry devices on the boat. The server constantly scans
USB ports for devices and connects to sensor nodes around the boat, decoding, aggregating, and
interpreting all the data sent to it. In addition, the server is set up with a 433Mhz radio
transceiver used to stream all data back to the shore for remote analysis.

Figure 1: The Telemetry Server unit is the hub for all telemetry devices in the boat.①
Waterproof USB plugs② Power Input③ HDMI Output④ 433Mhz Radio Antenna⑤ Power
Switch⑥ Status LED

The server communicates with sensor nodes using a protocol designed by our team, the
Telemetry Protocol. The system was designed to be extremely lightweight, allowing for
transmitting a large amount of sensor data in minimal space. For more information about the
Telemetry Protocol, please see Appendix E: Telemetry Data.

In addition, the Telemetry UI provides an application for human-readable viewing and
processing of the boat’s data. An instance of the Telemetry UI could be used both on the boat
dashboard and on a shore computer. However, the previous team opted to use an older,
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less-featured Telemetry Dashboard instead of the improved Telemetry UI on-board due to
limitations in the processing power of the on-board Raspberry Pi.

B. Analysis of Design Concepts
In the past, the team has used either an Arduino microcontroller or a Raspberry Pi. We

continued using a Raspberry Pi as the main telemetry server board. This provides advantages
over Arduino, like having access to multiprocessing and a scheduler, which come from having an
operating system.

The Telemetry team initially discussed rewriting the system in Go for improved
performance, ease of deployment, and developer experience. However, with limited knowledge
and noting that the foundations of the current telemetry system worked and continue to work
well, the team opted to keep it the same. Instead, the team worked on getting the system up and
running.

A large amount of work went into learning the old system, which was disassembled for
improvements and never put back together. We had to reverse engineer the system's working to
get it in a working state. The team worked on learning the control flow and design decisions,
which were made in tandem with the electrical system and thus required cross-team
collaboration. Fig. 2 shows the team’s progress on displaying information.

Figure 2: Telemetry UI interface, with charts showing various boat data.

Though this took up the majority of our time, we were able to make one improvement to
the system. The Telemetry UI was previously an extensive Electron application unusable
onboard due to the Raspberry Pi's hardware-limited performance. While we still chose not to use
it onboard, we spent some time rewriting the UI in a Go application using Wails to improve the
performance of the app greatly.

C. Design Testing and Evaluation
While we were able to get the system running, we had to limit its capabilities due to time

constraints. We were unable to include the following Nodes: GPS/IMU, which could provide
real-time speed and acceleration values; Alltrax Motor Controller, which could give digital
throttle control for the spring race; and Battery/Cell Voltages, which would provide helpful
battery diagnostics. We should rebuild/build telemetry nodes for this data in the future.



University of Rochester, Tech Report ·Page 9

Additionally, the team needed help getting the system running. To improve the team's
transitioning experience, more thorough documentation and details should be written for system
components, hardware, and connections in the future.

III. Electrical System
A. Current Design

Last year, our electrical system consisted of a battery box, throttle box, motor controller,
solar controller, telemetry box, and bilge unit. The battery box in Fig. 3 used a Victron BMV-712
monitor for voltage and current monitoring capabilities. The bilge unit housed an auxiliary
battery to power the bilge pump. All other electrical system components have been discussed in
their respective sections.

Figure 3: The battery systems use the Victron Energy BMV-712 monitor and 500A shunt resistor.

B. Analysis of Design Concepts
We have kept the same battery box system. The BMV-712 unit communicates with the

telemetry server over USB; its data is integrated into the telemetry system. Since it's a
drive-by-wire throttle, the original throttle box was replaced with a telemetry node, which takes a
throttle input and sends it to the telemetry system. As much of the team focused this year on
collecting data to evaluate subsystems and guide design decisions, many new electronic systems
were added to interface with new peripherals to obtain this data. Several sensors were added,
discussed below. Schematics for all telemetry devices can be found in Appendix F: Electrical
System Data.

The solar charger node is used to determine the output current of the solar chargers to the
batteries. This is used to evaluate how much energy the system is receiving from the sun and
forward it to the server to budget energy for use in the endurance competition. There is a socket
for the main microcontroller and two hall-effect-based, bi-directional 50A current, one for each
of the solar chargers. These sensors were currently packaged into a solar charger to handle a
maximum of 14 A each with a 20℃ rise. This is so that the two sensors can independently
handle all the current solar panels while managing the heat transfer appropriately. The solar node
is used in the box with the solar chargers and set up to take input from the solar panels. Section
VI: Solar Energy System contains more information on the solar energy system.

C. Design Testing and Evaluation
Each of these boards was constructed as a prototype using a breadboard. Once satisfied

with the functionality, we designed and ordered a PCB. The PCBs were assembled, tested, and
integrated into the boat systems. Future efforts will include expanding the telemetry sensors to
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include more nodes. Because the system is modular, each PCB collects only a few data points.
Adding new boards that collect more data is designed to be convenient under this system.

IV. Power Electronics System
A. Past Configuration

1) Sprint Design: The previous team bought the larger LEM-200 95 motor, shown in
Fig. 5. This motor has a higher-rated torque output and handles the power requirements of our
application better than the new motor. Since the Alltrax cannot be controlled directly via serial
data, we needed to create a circuit that would convert the throttle control signal to one of the
inputs of the Alltrax controller. We built a sensor node that converts the telemetry data point to a
resistance value, which the Alltrax controller reads and converts to a throttle value. (For more
information, see Appendix G, Section D: Notes on Alltrax Throttle Control.)

Figure 4: The battery layout utilized in the 2018 team’s sprint mode, with three series-connected
sets of 3 parallel batteries, for a total of 39 Ah at 36 V.

Figure 5: LEM-200 95 brushed motor used by our team in 2019. The motor is shown mounted on
its adapter plate for the direct-drive system.

2) Endurance Design: The 2019 endurance battery pack consisted of three Genesis EP
42 Ah batteries in series for a single 42 Ah, 36 V battery set. They chose the Alien Power
Systems 6374S motor, which is a 42 V, 2.8 kW rated motor, because its speed constant is similar
to the propeller's rated speed. Fig. 7 Left reveals the size of the Alien motor.
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Figure 6: The battery layout for the 2019 year’s endurance mode consists of three 42 Ah
batteries in series for a total of 42 Ah.

Figure 7: Left: The Alien Power Systems 6374S motor used by the 2019 team for Endurance
mode. Right: The VESC 4 motor controller is used in Endurance with the motor.

They chose the VESC 4 motor controller to drive the BLDC. The VESC can be
controlled through a USB serial connection (shown in Fig. 7 Right), and the telemetry server
implements the VESC protocol, allowing it to communicate with the device. This allowed them
to track data points without an intermediary microcontroller, as required with the Alltrax. To
interface our Python telemetry program with the VESC, we used the PyVESC library[3].

B. New Configuration
1) Battery Design: Our team previously had an electric setup for both Sprint and

Endurance modes. However, we had to adapt and change since only one set of batteries is
allowed in competition now. The endurance race is worth 150 more points than the sprint race, so
we used the previous endurance setup as our baseline and began optimization from there.

Figure 8: The 2024 battery layout consists of three 45 Ah batteries in series, for a total of 45 Ah
at 36V.

2) Analysis of Design Concepts: Since we are limited to one set of batteries this year, we
optimized for endurance. We chose to buy the 12 V, 45 Ah UPS TLV12450F6 for their high
capacity and also for their high rate of discharge. The batteries can discharge up to 450 A (for
five seconds), making them adept for sprinting. We installed these batteries in our battery box in
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the array shown in Fig. 8. Sprinting is equipped with water-resistant output plugs for both power
and data and a dual fan system for cooling.

3) Sprint Motor Setup: We continued using the LEM-200 motor for sprints this year. Its
high power and torque rating makes it ideal for high speeds and low distances. In previous years,
we controlled the motor using the Alltrax motor control. Still, instead of preventing it with our
telemetry system, we opted to control it with a physical throttle in the form of a 0-5k Curtis pot
box.

4) Endurance Motor Setup:We used the Alien Power Systems 6374S motor again. It is
easily controllable using our VESC controller, which allows us to control factors such as duty
cycle, rpm, etc. It also allows us to track and graph motor temperature, current draw, power, and
battery voltage information. We can provide input to the VESC via an RC controller or an
Arduino input module.

5) Design Testing and Evaluation:We performed endurance configuration testing in
various conditions, including no-load bench testing, testing on a rig, and testing on the water. We
have not performed speed testing with the endurance configuration yet, but we plan to continue
testing up to the competition. The sensor on the endurance motor was damaged during the
handling, so we continued to record rpm using an Arduino and hall sensor to print out RPM onto
an LCD.

C. Power Budget
As discussed in the Overall Project Objectives section of this report, one of our primary

technical goals was to create a power budget that would be enforced during endurance to ensure
that our boat could maintain a constant speed throughout the endurance heat without being
required to stop.

Appendix L: Power Budget contains the formula and procedure for the power budget.
Our calculations found that our team should aim to draw approximately 28 A, assuming an 80%
solar efficiency. By designing for this specification and driving the boat not to exceed this value,
our team will be able to successfully avoid exceeding this value by stopping the boat.

In future competitions, we plan to build the power budget ship a program running on the
boat. This program will automatically adjust the maximum throttle based on the energy received
from the solar panels and the state of the battery system. This automation will further help
optimize our system for endurance.

V. Drivetrain and Steering
A. Drivetrain

1) Current Design: The previous team designed a direct drive and spent time identifying
propellers that would match the motor characteristics they would use. Since the strategy would
require a broader range of propellers, they planned to modify the Evinrude lower unit to
accommodate larger propellers, up to 14”.

They designed a direct drive system that connects the motor through a jaw coupling to
the outboard shaft. Modeled drive units are shown in Fig. 9 and Fig. 10. The direct drive unit was
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designed to make switching between Endurance and Sprint motors easy. Each motor switching
has its plate, which can easily be interchangeably bolted down to the upper unit. Each motor has
its own upper jaw coupling, which always stays mounted to the m and meshes with the bottom
unit. For detailed CAD drawings of the components, see Appendix H, Section B: Drivetrain CAD
Drawings.

Figure 9: Left: The upper drive unit is shown with the sprint motor installed. Right: The upper
drive unit is shown with the endurance motor installed. Note the bolts on the upper plates, which

are unscrewed to change which motor is used in the assembly.

They modified the lower unit by removing the ventilation plate, allowing for larger propellers.
For more information about this process, see Appendix H, Section C: Lower Unit Modifications.

Figure 10: An exploded view of the main drivetrain components in the upper unit; left to right:
① Motor,② Upper jaw coupling,③ Rubber “spider”,④ Lower jaw coupling and shaft

adapter,⑤ Bearing,⑥ Outboard shaft

2) Analysis of Design Concepts:
The 2019 team encountered several issues with the drivetrain unit that we aimed to

address in this year's iteration. The main problem stemmed from our initial assumption that the
motor could deliver sufficient torque when geared up nearly 2:1. This gearing aimed to increase
the propeller speed at this gearing. Still, it turned out that the motor could not produce enough
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torque, causing the system to draw more current than our power electronics and batteries could
handle. Additionally, due to this mismatch, the system was operating outside the motor's
intended range, resulting in operator output.

To optimize motor performance, we realized there were better options than overloading
the motor to lower RPM. Instead, we drove the motor at its maximum RPM while maintaining
sufficient torque.

As a solution, we planned to implement a direct drive system and invest time in
identifying propellers that align with the tour motor's characteristics. This approach would
necessitate a broader selection of propellers. We intended to modify the Evinrude lower unit to
accommodate larger propellers, up to 14 inches in diameter.

Our design involved a direct drive system that connects the motor to the outboard shaft
via a jaw coupling. This setup was engineered to ease the transition between endurance and
sprint motors. Each motor is mounted on its plate, allowing interchangeable bolting down to the
upper. Additionally, each motor has its upper jaw coupling, which remains mounted to the motor
and consistently with the bottom unit. Detailed CAD drawings of these components can be found
in Appendix H, Section B: Drivetrain CAD Drawings.

3) Design Testing and Evaluation: After completing the fabrication of the drivetrain, the
2019 team performed several stages of testing. Early in the development, they performed bench
testing, pictured in Fig.11. Our team built a test stand that submerged the propeller in a tub of
water, allowing us to approximate the load of a boat in the water. The motor was connected to a
waterproof, portable battery box. The motor was connected to the VESC software to gather data
regarding the motor. VESC software can control and report data. We wrote code to relate RPMs
to the motor amperage. Once the drivetrain system was completed, we tested it on the water.

Figure 11: Inside the test room, a tub of water with the propeller is submerged. The motor stand
has a force gauge meter strung around it to collect thrust.
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Figure 12: 2019: The boat was in the water during a testing session in December, during which
we tested the drivetrain’s efficiency at low speeds.

This testing validated our decision to update to a direct drive; the new direct drive system
eliminates the majority of vibration and noise the drivetrain had previously, indicating it has
increased mechanical efficiency. Additionally, our telemetry system allowed us to compare the
systems quantitatively. We had to compare the systems quantitatively. The current draw of
approximately 300 A was on our old system. During the previous testing sessions, represented by
Fig. 12, we reached a speed of 9 mph with a current draw of approximately 80 A. This is a
significant increase in efficiency for our team. We have not yet tested the full speed of the boat,
which requires a new propeller with a higher pitch.

B. Propellers
1) Current Design: Previously, our team used 8” propellers designed for our team,

illustrated in Fig. 13. There were two Torqeedo propellers on the Evinrude outboard, one for
sprint and one for endurance. These propellers were chosen because Torqeedo motors have a
very similar shaft RPM to our system, with a maximum RPM of 1600 ost models. Additionally,
the propellers use a shear-pin style, which matches our outboard.

Figure 13: Left: The Torqeedo v8/p350 propeller is used for endurance competitions.
Right: The Torqeedo v30/p4000 propeller is used for sprint competition events.

Data about the performance characteristics can be found in Appendix H, Section A:
Torqeedo Propeller Datasheets. The sprint propeller is rated for 30 knots, and the endurance
propeller is rated for 8 knots. These match our target speed ranges in each of the events. The
diameter of the largest propeller, 12.6”, fits on our outboard with the modifications that have
been made this year.
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2) Analysis of Design Concepts: A propeller establishes the baseline efficiency
standard. The existing propeller's efficiency needs to meet the Solar Splash vehicle's optimal
performance requirements, with the challenge of the upcoming June 4th competition looming.
Efficiency, as defined by the equation Efficiency = J * Kt(x) / (2 * π * Kq(x)), where Kt
represents the thrust coefficient, and Kq denotes the torque coefficient, stands as a pivotal metric
in our design endeavor. The toroidal sparked our interest. Fig. 14 exemplifies the design.

Figure 14: CAD Model of the Toroidal Propeller.

A comprehensive set of requirements guides our design and testing process, and the
testing process integrates with Solar Splash's existing motor. Additionally, durability is essential;
the propeller's connection to the motor must endure applied torque, validated through rigorous
testing protocols. Fit is also crucial; the propeller must adhere to defined spatial constraints
within its mount and testing rig. Efficiency optimization is a key focus, with performance
maximized at the motor's most efficient RPM. Maximizing performance is expected to
outperform the 1915-00 Torqeedo v8/p380 propeller in terms of efficiency. Safety considerations
are prioritized, with testing procedures strictly following guidelines established by the
mechanical engineering department, encompassing emergency shutdown protocols and safety
feature implementation.

Furthermore, the system must facilitate comprehensive data collection, recording thrust
and RPM data during testing. Versatility is emphasized, with the propeller optimized for a range
of RPMs and capable of operating across various torque levels. Finally, meticulous instrument
calibration ensures the accuracy and reliability of collected data throughout the testing process.

3) Design and Testing Evaluation:We conducted a series of tests and analyses to ensure
the accuracy and reliability of our testing rig and propeller designs. More data can be found in
Appendix M: Propeller Data. First, we tested the Solar Splash propeller's RPM vs. thrust twice to
validate the testing rig's accuracy. Following this, we 3D scanned the Solar Splash propeller and
created a digital file in NX Siemens, which we used to 3D print a replica for further testing. The
data from testing the actual propeller was then compared to the 3D-printed replica to assess the
performance of different materials. We designed, printed, and tested a toroidal propeller using
NX Siemens, comparing its actual performance in RPM vs. thrust to simulation results.
Furthermore, we compared the Solar Splash propeller to the toroidal propeller in terms of torque,
RPM, and thrust to determine their efficiencies, as shown in Fig. 15.

After analyzing the data from the initial test comparing the toroidal propeller and the
Solar Splash propeller, we focused on optimizing the toroidal propeller. In the optimization
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process, we created 21 different parameters for the toroidal propeller and utilized a Taguchi array
for simulation, details of which are discussed further in the design of experiment section. All
results from the optimization process were printed and tested (3). To enhance the durability and
performance of the toroidal propeller, we 3D printed an optimal design and later fabricated it out
of aluminum. We then compared the aluminum toroidal propeller's RPM, torque, and thrust to its
3D-printed counterpart and the current propeller to evaluate the differences in efficiencies.

Figure 15: Efficiency toroidal compared to current, traditional propeller based on the RPM.

C. Steering System
1) Current Design: The Rochester team has been

utilizing electrical steering systems for several years. This was
motivated by the presence of the custom drivetrain/hull, which
made it difficult to use a conventional drivetrain/hull as a cable
or hydraulic kit. This steering system used a linear actuator and
lever to steer the motor back and forth, as shown in Fig. 16t.

2) Analysis of Design Concepts: This electrical
steering system was ineffective. The design of the lever meant
that large off-axis forces resulted in high bearing stress on the
bolts, causing them to shear during competition. Second, the steering
system had no feedback through resistance on the wheel, so it was
very hard to control. Additionally, the lever system had an extra degree
of freedom, which made off-axis alignment possible, jamming the
steering. The cable related to jamming is highlighted in Fig. 17.
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3) Design Testing and Evaluation: After analyzing the options for the steering system,
the team elected to return to steering system options. This matched up well with the decision to
use an older hull because the hull had mounting holes for a Teleflex adapter used previously.

Because our outboard model did not have mounting holes for the Teleflex cable directly,
we mounted the Teleflex rear unit to the boat's transom underneath the motor. This required the
team to manufacture a rod connecting the steering cable's end to the outboard. This connects the
steering cable's steel rod, with ball joints on either end to allow for rotation. The layout of the
steering system is shown in the figure to the right. The Teleflex cable was attached to the side
rail of the boat, and the steering unit was mounted on the dashboard. To minimize moments on
the bolt, we used a shorter bolt and connected the steering as close to the height of the outboard
mount as possible.

VI. Solar Energy System
A. Solar Panels

1) Previous Design: In our last competition, we used two SBM Solar, Inc. panels, which
were rated for 516 W together, which was above the power requirement for that competition.
Therefore, 175.61 square inches of the panels were taped over to meet requirements. The change
of rule 7.3.2 to “entries are permitted to have 720 Watts under normal one sun conditions. A
minimum of 360 Watts of solar power under one sun condition must be carried on the boat in all
events. The onboard solar configuration must remain the same for all events” has led to us
re-evaluating our solar system. During the years since our last competition, the team has
experimented with solar tracking stands using linear actuators; however, this would not be
permitted with panels that need to remain stationary. Thus, a stationary stand design was
explored.

2) Current Analysis of Design Concepts: For this competition, we will be using two
SBM Solar, Inc. panels rated at 280 W each in parallel, for a total of 560 W that falls below the
720 W threshold. See Appendix I, Section B: Solar Panel Datasheets. Both panels will remain on
the boat, which also meets the requirement for 360W of solar to be carried on the boat during all
events. The panels are equipped with an existing aluminum frame along the rear edge of the
panels.

To optimize the sun contact with panels. We chose to have a stand with them lying
parallel to the boat drawn in Fig. 18. The stand is made from wood for budget and simplicity
purposes, and a hinge and latch design is used to allow for the panels to be raised to access
electronics without needing to remove the panels entirely. A latch is used on the opposite end of
each hinge to secure the panel down when the panels are not lifted. During events, to satisfy rule
7.3.2, the latch serves to keep the panels secure at a constant position for all events.

The stands themselves take a flattened ‘U’ shape that wraps around the aluminum frame
on the back of each panel. With the inability to easily secure a nut and bolt perpendicular to the
panel’s face through the existing aluminum frame, the ‘U’ design was used so a bolt could pass
through the wooden stand (parallel to the panel face) and through the side of the aluminum frame
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with a nut to secure it easily accessible on the inside edge of the existing aluminum frame. There
are two of these ‘U’ shapes for each panel, for four total.

The stands are secured to the boat with either one or two hinges on one ‘U’ and a latch on
the other ‘U’ for each panel. The hinges are secured to the boat with screws into supporting
cross-sections, where wooden panels go across the width of the boat. The latches are screwed
into the wooden ‘U,’ with the receiving fitting for the latch secured to the boat.

Figure 18: Drawing of solar stand attached to back of panel. Note the panel faces downward, the
hinges on the left end, and the latch on the right end.

Figure 19: Photos of solar panels mounted on front of boat (left) and rear of boat (right).

3) Design Testing and Evaluation: At this time, the fabrication of the solar stands is
complete, and we are working on attaching the panels to the stands, followed by attaching both
the panels and stands to the boat. During boat testing, we plan to evaluate the usability of the
new design. We will observe both panels' performance with sun contact, the security of the
panels in place while the boat is moving on the water, and finally, if the hinge design
successfully allows easy access to electronics beneath the panels on the boat.

B. Solar Chargers
1) Current Design: In our previous design, each solar panel was connected to a Genasun

GV-Boost 8A 36V charger, with both charge controllers connected in parallel to the battery
system through a shunt resistor for current monitoring purposes, as seen in Fig. 20 below.
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Figure 20: The schematic for the parallel-wired Genasun controllers used in our team’s previous
design.

These chargers were chosen for their voltage step-up capability, allowing the use of solar
panels at a lower voltage than the batteries. Most MPPT solar chargers are step-down converters,
meaning the solar panel voltage must be higher than the battery voltage. A boost converter is
required in our system to convert the lower input voltage from the panels to a higher voltage for
battery charging. (For an explanation of the background behind this, see Appendix I, Section C:
Explanation of Step-Down vs. Boost MPPT Chargers.)

The entire system was contained in a waterproof
enclosure with quick-disconnect connectors to the solar
panels and battery. Fig. 21 is the box to ensure
waterproofing.

Figure 21: The previously completed solar charger module,
with solar charger input/battery output cables, current
monitoring LCDs, and an on/off switch.

2) Analysis of Design Concepts: The solar chargers we chose are effective for our
purposes, and we have no plans to replace them. We have designed improvements to the solar
system's monitoring capability to complement our larger telemetry system efforts.

Although the previous solar charger system had current monitoring capability, the value
was only displayed physically on an LCD, meaning it was impractical for the driver to read
while in the boat. Additionally, the data was not saved for later review.

We designed a sensor board with two shunt resistors, measuring the output from each
solar charger. The solar charging current is passed through a PCB, which reads it and sends it to
the telemetry system. Using an online trace width calculator, we verified that the PCB traces
could support the maximum charging current with acceptable power loss[1].

Another concern with the previous solar system was the size of the enclosure. We
purchased a smaller enclosure and used a 3d printed mounting system on the interior of the box
to mount the solar chargers and telemetry board. Fig. 22 is the illustration of the new enclosure.
To further improve the size of the components, we began using XT-60 and XT-90 connectors
instead of the larger Anderson power connectors used previously.
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Figure 22: Updated enclosure for Solar Energy System.① Telemetry USB connection② 36 V
battery output③ Solar panel inputs

3) Design Testing and Evaluation
To test our solar system, we repeatedly brought the panels out in a variety of sunlight

conditions. During these tests, we connected a dummy load in the form of a motor running at full
throttle, which drew approximately 10A (360w). While this testing was not qualitative, it
allowed us to debug potential problems with the telemetry sensor data and verify that the
charging system works as intended. Fig. 23 shows the testing setup. As we approach the
competition, we plan to perform endurance testing on the water with the new system.

Figure 23: An example of our solar testing in the field: Both panels connected to the system at
dusk and in partial shade. Our team plans to perform a number of these tests at different light

intensities and weather conditions.

VII. Hull Design

A. Hull Design History
Appendix J, Section B: Hull Design History, provides a brief history of hull designs. Our

team returned to a premade hull purchased at the club's inception. In Fig. 24, the 16-ft
square-stern cargo canoe performed well at the 2010 competition. By using the preexisting hull,
our team was able to narrow our focus on other subsystems, improving a single area of our boat’s
design at a time.
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Figure 24: We reused the Great Canadian Ungava Bay 16 flat-stern canoe.

B. Analysis of Design Concepts
This year, we elected to continue using the square-stern canoe. After trying to build a hull

ourselves and not reaching the deadline, we went under the philosophy that spending less time on
hull design would allow our team to focus its limited efforts elsewhere. The previous boat was
left outside, only covered by a tarp. The inside was rotten, but the epoxy preserved the hull to
extend its lifetime. However, we had to reimagine substantially with the rule changes, the
weathered down boat, and many large drivetrain changes. We had the following concerns:

- The rotten wood impacted the boat’s strength. We needed to strip the boat down to the
outermost hull, resand, epoxy, and internally support it with stringers.

- The previous benches and stringers were not in ideal locations; their positioning made it
hard to fit the driver, electronics, and solar panels. Also, the center of mass was going to
be impacted, so we modeled new locations for strangers to increase hull strength.

We used the 2019 prototype hull constructed in Solidworks and previously ran fluid
simulations (CFD) on the hull model to better understand the hull. The 2019 team defined the
boat's fluid dynamics and shared areas for improvement. Details of this tool and its usage in hull
modeling can be found in Appendix J, Section C: Hydrostatics Testing Program.

Since refurbishing required heavy sanding and chipping away at the epoxy, we needed to
test whether the boat had any holes. We put the boat on the water in the fall semester and tested
its floatation. Fig. 25 shows the boat on the water. Testing was done in 3 feet of water with
Safety Advisors. The boat was attached to the dock for the entire test. The boat floated and only
had one hole for repair.
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Figure 25: First time the hull went on the water.

To solve strength issues, we planned a hull reinforcement design and a set of
modifications that would improve the hull’s usability at competition. We took their advice and
then modeled the hull in Fusion 360 ourselves. Once the hull was in Fusion 360, we were able to
start determining the internal structure and placement of drivetrain components.

Figure 26: Left: Closeup of the transom, which had rotted out and needed replacement. Right:
CAD model of the planned hull reinforcements, which would replace the benches.

C. Design Testing and Evaluation
We performed the hull modifications in the fall. We started by stripping the hull down to

its fiberglass shell, removing stringers and gunwale, as shown in Fig. 26. Then, we sanded and
painted to the best of our ability. Next, we fabricated and reinforced the parts for the frame. We
purchased Okoume- Marine plywood (sizes: 2 or 3 mm thick 2’x 4’ boards) from Chesapeake
Light Craft. Before attaching the reinforcements to the hull with fiberglass, we encapsulated all
wooden parts with epoxy. After assembling the reinforcements, we painted the interior with
marine top coat paint. The buoyancy boxes were filled with closed-cell floatation foam. We built
a deck using marine plywood; this provides a waterproof surface covering the floatation foam.

After completing the structural components, we added a system of straps and tie-downs
to mount all the electronics in the boat's hull. Fig. 27 represents current progress. The hull is
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almost completed but still ready for testing before the competition. For a more detailed timeline
of the hull modification process, see Appendix J, Section A: Hull Modification Process.

Figure 27: Pictures of the modified hull, which is ready for water testing.

VIII. Project Management

A. Team Members and Leadership Roles
The University of Rochester Solar Splash team is a club team consisting solely of

undergraduate students. The club is led by an executive board, an elected panel of leaders in
charge of leading the project's overall direction. The executive board also holds weekly meetings
with advisors and faculty, maintains communication among the team, and ensures the team stays
on schedule. For a detailed description of the roles in the executive board, see Appendix K:
Project Management Data.

B. Project Planning and Schedule
Project planning was divided into several categories by subsystem of the boat: Electrical

System, Telemetry System, Solar Panel team, and Mechanical team. Our team set goals for each
design area and tracked our progress toward each goal. Our planning mirrored the modular
nature of our system; each subsystem had a separate task board maintained, and the group
responsible for that system kept the list updated. We used an Excel spreadsheet to organize
projects in the form of a Gantt Chart, Fig. 28.
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Figure 28: Gantt Chart of projects per team.

Our planning was relatively informal in previous years, and we did not set week-to-week
deadlines. We previously used Trello or Asana as a management system, which provided a
TODO list. However, this year, we focused on active communication through weekly meetings.
The subteam would take specific meeting minutes and present them during weekly check-ins.
This encouraged more interaction between subteams to facilitate easier construction on the boat.

We did not receive any sponsorships this year, but we did continue using previously
given sponsorship equipment, like motors from Lynch Motors.

We also extensively used GroupMe, a group communication software, to organize
meetings. GitHub was the primary form of communication for the Telemetry team.

C. Financing and Fundraising
The Rochester Solar Splash Team is funded annually by the Hajim Engineering School

and the Rochester Student Association. As an engineering club, our group is responsible for
submitting a yearly budget to both institutions to continue receiving funding. The Hajim
Engineering School contributed $1,742, and the Student Association contributed $3,042 for a
total budget of $4,784.

This budget covers our engineering expenses and travel expenses, including hotel and
gas, for the yearly competition trip. The team kept track of its spending using spreadsheets that
tabulated all the semester costs, shown in Appendix K, Section B: Budgeting Documentation.

D. Strategy for Team Continuity and Sustainability
Because we are an undergraduate club, our team relies on the recruitment of new

members to sustain itself. The primary method for recruiting new members is through presence
at a variety of school events and activity fairs.

Our team has achieved varied success with recruitment at these fairs in the past. Last
year, we set a goal of becoming more active in the campus community. This year, we fulfilled
that goal, participating in a number of events both on and off campus. We participated in the
ASME pumpkin launch, which is a competition of pumpkin launchers among engineering groups
from our school. We placed 3rd at this competition. We also helped plan and participate in social
events for the engineering school. This included an Engineering Ball for the past 2 years and
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Family Science Day, where our organization shared a lesson and activity about buoyancy to
grade school students from Rochester. We also partnered with our UR Makers club to have a
workshop about soldering.

E. Discussion and Self-Evaluation
Overall, this has been a very productive year for our team. We achieved all the goals we

set at the beginning of the year and are ending the year with a set of modular systems that can be
expanded.

An ongoing concern is the future of the club’s leadership. Membership is not strictly
defined by the hours or meetings attended. An individual can help a lot on a task for a specified
stretch. Because of this new style of attendance, our membership has significantly increased
since students like the flexibility and can help with specific interests when the time presents
itself. However, commitment requires strict consistency to be an EBoard member. Many people
enjoy the engineering and building aspects of the club. The president is responsible for
administration and communication with the school. Many team members like being flexible,
helping, and designing, but there is no interest in filling the Business Manager role. In the future,
it is believed that adding a secretary can take the stress off potential candidates for sending out
club emails, organizing events/volunteering, and communicating with advisors.

IX. Conclusions and Recommendations
A. Strengths

● Equipped with new batteries.
● Demonstrated proficiency in both competition basics and technical skills.
● Successfully participated in the competition.
● Enhanced the club's reputation on campus.

B. Weaknesses
● Failed to engage in projects aimed at enhancing performance metrics, such as efficiency

or effectiveness.
● Limited to a single battery set configuration, restricting adaptability and potential

optimization opportunities for different scenarios or requirements.
● Limited Telemetry data, even though sensors once worked and utilized.

C. Lessons Learned.
● Future teams should start working on documentation of the systems as they build them;

this helps pass along the knowledge so the system can be used later and makes writing
the technical report easier.

● With a functioning boat, future teams should work on optimizing. This year, the main
goal was to just get to the competition. We were more direct in our engineering practices
and strictly followed previous years' systems. Sacrificing optimization, we just wanted to
present a functioning boat. We would have loved to spend more time designing
subcomponents and diving deeper into research to make our boat even better.

D. Achievement of Objectives
We achieved our goals for this semester. We reignited the club and got a boat to

competition, and all of the goals identified in our Overall Project Objectives were met for this
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year. Given our progress this semester, we are optimistic that we will succeed in this year’s
competition and in future years.
E. Future Objectives

In future semesters, we aim to work on quantitatively testing all aspects of our system,
taking advantage of the modularity and sensing capability. We also aim to construct a more
efficient boat.
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Appendix A: Battery Documentation
A. Material Safety Data Sheets
Below is the MSDS for the UPS batteries used in both Endurance and Sprint.
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B. Battery Datasheets
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Appendix B: Flotation Calculations

Solar Splash Rule 7.13.4 Buoyancy of Craft: Sufficient flotation must be provided on board so
that the craft cannot sink, even when filled with water. A 20% safety factor must be included in
the calculations. Verification calculations must be included in the Technical Report.

As required by the above rule, our flotation calculations are shown below. Note: To
simplify our calculations, we chose to disregard the volume of all objects on the boat except the
boat hull itself. Assuming that all objects are dead weight with zero volume, which means they
provide no buoyancy force, these calculations have an additional margin of safety.

All Events Configuration
Component Weight (lbf)

Boat Hull -197.6
Solar Controller 2.8
Motor Controller 18.6
Telemetry Server 2.4
Telemetry Nodes 10.0

Bilge System 5.0
Solar Panels 41.2

Solar Panel Mounts 10.0
Cables 10.0

Steering System 10.0
Dashboard 5.0
Drivetrain 23.3

Motor Assembly 3.4
Battery Box 35.6
Battery Set 100.0

Total Force -474.9
+20% Safety Factor -569.88

Hull Buoyancy Force 584.87

Net Buoyancy Force 14.99 lbf
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In both event mode, the net buoyancy force is 14.99 lbf as the solar arrangement will not be
changed for each competition, meaning that the boat would float even if completely filled with
water.

1) Hull Volume Calculation:
Ungava Bay 16 Specifications[4]
Weight: 120 lbs
Center Line Depth: 16”
Center Line Length: 16’
Beam: 48”

To approximate the hull's displacement, we built a CAD model based on measurements
of our hull and the modifications we performed to the hull this year. The hull model is a shell
with a thickness of 0.2” (The fiberglass thickness on our boat), and the general hull shape was
constructed from the Ungava Bay 16 specifications, as well as our measurements of the hull. For
simplicity, we chose not to model the seat, dashboard, or other internal components in our
buoyancy calculations.

The hull with our stringers was modeled this year in Fusion 360.

Physical Properties for Ungava Bay 16 Model:
𝑊𝑒𝑖𝑔ℎ𝑡 =  198 𝑙𝑏𝑠
𝑉𝑜𝑙𝑢𝑚𝑒 = 9. 37295 𝑓𝑡3

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 = 62. 4 𝑙𝑏𝑓/𝑓𝑡3

𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝐵𝑜𝑎𝑡 =  𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑜𝑎𝑡
𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 𝐵𝑜𝑎𝑡 =  62. 4 𝑙𝑏𝑓/𝑓𝑡3 × 9. 37295 𝑓𝑡3 = 584. 87 𝑙𝑏𝑓
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Appendix C: Proof of Insurance

Insurance Rule 2.10 Insurance - Each participating team is required to provide proof of general
liability insurance from their educational institution or written proof that, as a state institution,
they are self-insured. Proof of insurance must be supplied with the Technical Report. Failure to
do so will result in a 10-point penalty applied to the Technical Report score.

Our proof of insurance, as required by the above rule, is shown below:
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Appendix D: Team Roster
A. Undergraduate Roster
Bolded names indicate Executive Board members, discussed previously in Project Management.
Name Degree Program, Class Year Team Role

Calista Courtney Chemical Engineering (2024) President

Alejandro Porras
Diaz

Mechanical Engineering (2025) Head Engineer

Will Knoff Electrical Engineering (2025) Electrical Project Manager

Riley Prewett Chemical Engineering (2024) Solar Project Manager

Leo Critchfield Mechanical Engineering (2025) Mechanical Project Manager

Tom Whiteley Mechanical Engineering (2025) Mechanical Project Manager

Sam Scheinbach Mechanical Engineering (2028) Mechanical Project Manager

Krish Jain Computer Science (2025) Telemetry Project Manager

Courtney Palmeri Chemical Engineering (2026) Member, Solar Team

Taryn Langtry Geomechanics (2026) Member, Solar Team

Rebeca Zapiach Mechanical Engineering (2024) Member, Mechanical Team

Jeremy Hur Electrical Engineering (2027) Member, Electric Team

Leon Zong Computer Science (2025) Member, Telemetry Team

Kevin Luo Business (2026) Member, Mechanical Team

Justin Zhu Electrical Engineering (2027) Member, Electric Team

B. Advisor Roster

Name Advisor Role

Vincent Kindfueller Faculty Advisor

Kyle DeManincor Primary Advisor

Chris Muir Mechanical Engineering Dept. Advisor

Jim Alkins Additional Advisor
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Appendix E: Telemetry Data
A. Description of Telemetry Protocol

Each telemetry node is a custom PCB based on ATMega32u4 microcontrollers connected
to various peripherals used to collect data. These nodes are connected to the server using USB.

Once every second, the server scans its USB ports for new devices. If one is connected, it
uses the device's attributes to choose which communication protocol to use. The server
communicates with several types of devices. Most of the devices use a protocol designed by our
team (the “Telemetry Protocol”). Still, the server can also communicate with other devices with
proprietary protocols such as our current sensor.

When a node is powered on and plugged into the server, it continuously streams a byte
(0x69) requesting to connect and identify as a URSS Telemetry Node device. The server then
responds with a confirmation byte, and the node will respond with an enumerated DEVICE_ID
byte to tell the server how to manage data from it and what data to send back to it. The server
then responds with another confirmation byte, confirming that the device ID is valid and that the
node is considered “connected” and ready to stream data. At any point during this handshake, if
the server or node waits for more than 100ms without receiving the expected data, the connection
times out, and the node will attempt to connect again.

While a node is connected, it will wait for a request packet sent from the server at regular
intervals. These request or “heartbeat” packets are sent at 4hz and can also contain data sent back
to the nodes from the server. For example, the throttle data from the throttle board gets packed
into binary data on the server and sent back to the motor controller board, which forwards that
signal to the motor controller. When the node receives this request, it will unpack the transmitted
data, pack the current data it has collected from its peripherals, and send it back to the server.
Suppose at any point during this process, the node does not receive a heartbeat from the server or
the server does not receive the data it expects within a second. In that case, the devices will
return to the disconnected state and repeat the handshake to reconnect. This automatic
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reconnection makes the protocol extremely robust, allowing users to disconnect and reconnect
sensors freely without worrying about synchronizing the communication protocol as the server
and node will automatically handle reconnecting.

The data the node sends to the server is broken into 16-byte packets. While most sensors
only send one pack of data per request, some have too much data to compress into one packet.
These packets follow a standard format consisting of a header byte shared between all packets
(0xF0), 13 bytes of sensor data packed according to the device ID, a packet number byte
identifying how to unpack the data for multipacket nodes, and an 8-bit checksum to ensure that
none of the data was corrupted during transmission. Request packets are structured in a similar
format.

Telemetry Packet Format

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Header Data Bytes (13) Packet Number Checksum

Node Implementation
While the new data transmission protocol implemented by the team is highly robust and

capable of efficiently transmitting large quantities of data at high speeds, it is relatively complex.
Implementing hexadecimal, bitmasks, bit shifting, and serial communication on the node sensors
requires an understanding of hexadecimal, bit shifting, and serial communication. This can be a
problem for new members of the club who are just beginning to learn embedded programming
but still want to help improve the boat. To resolve this issue, the team has implemented the
telemetry protocol in C++ for Arduino and packaged it as an expandable library that allows
developers to easily leverage the protocol's capabilities with only a few lines of code. The source
code for the telemetry nodes can be found here on GitHub.

A parent TelemetryNode object defines the handshake protocol and framework for
receiving heartbeat packets and transmitting data. It has a virtual function interface for pack and
unpack functions to implement on the child classes for each node. This makes it so that all
developers need to do to define new nodes is to inherit from the parent object, add data fields for
the values to send, and implement a pack and unpack function telling the node how to send and
receive data. After the node has been defined, only a few lines of code are required to write an
Arduino sketch for the node.

https://github.com/URSolarSplash/Telemetry-Node-SDK
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Example implementation of a device node and usage in an Arduino Sketch

C. Telemetry Node Data
Each telemetry node works with a different set of data. Below is a list of the data sent and
received for each node.

Node Name, Description Data Points Received Data Points Sent
Solar Controller Board
read the current output
from the solar panels

None float outCurrent1: current output from
solar charger 1
float outCurrent2: current output from
solar charger 2



University of Rochester, Tech Report ·Page 45

Appendix F: Electrical System Data

Schematic for the Solar Charger monitoring board.
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Appendix G: Power Electronics Data
A. Motor Specs

Endurance Motor Sprint Motor
Model Name Alien Power Systems 6374S Lynch Motor LEM-200 95
Model Notes Sensored BLDC Outrunner

Motor
Axial-Winded Brushed DC

Motor
Rated Voltage 42v 48v
Rated Torque 9.5 Nm 28 Nm
Rated Current 80A 250A
Rated Power 2.8kW 10kW
Peak Current -- 400A
Peak Power -- 18kW

Peak Efficiency 95% (Estimation) 92%
RPM at Rated Voltage 2520 3888

Speed Constant 60 Rpm/V 81 Rpm/V
Torque Constant 0.012 Nm/A (Estimation) 0.113 Nm/A
No Load Current 0.65A (Estimation) 6A

B. Motor Controllers
Endurance Motor Controller Sprint Motor Controller

Model Name VESC 4 Alltrax AXE4844
Model Notes BLDC Sensored/Sensorless Motor

Controller
DC “Series Wound” Brushed Motor

Controller
Rated Voltage 8v - 60v 24v - 48v
Rated Current 50A 150A
Peak Current 240A (5 sec) 400A (2 min)

Throttle Input Type USB Serial Variable Resistor (5k Ohm)
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C. Motor Datasheets
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D. Notes on Alltrax Throttle Control
Previously, our team used voltage-based throttle control, which had several difficulties.

Since our system is 36v nominal, we needed an additional DC-DC converter to generate a 5v
signal. The grounds on the input and output sides of many DC-DC converters are isolated, so
when Alltrax reads the throttle value, an offset is present based on the difference between the
ground references.

With the development of our telemetry system, we are using the telemetry network to
transmit a digital throttle value. With the new system design, the throttle is sent as a data point
into the telemetry system, and is then transmitted to the motor controllers over a serial
connection.

Since the Alltrax cannot be controlled directly via serial data, we needed to create a
circuit which would convert the throttle control signal to one of the inputs of the Alltrax
controller. We chose to use a resistive throttle input. In this mode, the Alltrax measures the
resistance across a lead and converts this 0-5k value to a throttle percentage. We used a digital
potentiometer, which is an integrated circuit containing a resistor array mimicking an analog
potentiometer. When a value is written over SPI to the digital potentiometer, it
connects/disconnects a series of resistors to produce a given resistance value.

The digital potentiometer is built into a PCB with a controlling Arduino. This Arduino
continually polls the telemetry network for throttle values, and writes the value over SPI to the
digital potentiometer.
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Appendix H: Drivetrain and Steering Data
A. Torqeedo Propeller Datasheets
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B. Drivetrain CAD Drawings

Exploded view of the drivetrain assembly.
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The drivetrain bottom plate bolts to the outboard motor unit.

A shaft adapter is used to connect the upper unit to the 4-spline outboard motor shaft.
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One of several spacer blocks used to construct the upper unit frame.

One of several spacer blocks used to construct the upper unit frame.
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One of several spacer blocks used to construct the upper unit frame.

A spacer block that mounts under the Sprint motor adjusts the shaft's depth to accommodate the
jaw coupling.
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The upper plate used for the endurance motor. The endurance motor is permanently attached to
this plate, and the plate is used to switch out motors.

The upper plate is used for the sprint motor. Similarly, the sprint motor is permanently attached
to this plate, and the plate is used to switch out motors.
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C. Lower Unit Modifications
We modified the lower unit by removing the ventilation plate on the lower unit and filling the
void. The ventilation plate prevents air from reducing thrust from the propeller at higher speeds,
and we deemed this a reasonable sacrifice in order to allow for larger propellers. In the case that
this becomes an issue, we can lower the outboard into the water and/or fabricate a custom
ventilation plate that can be mounted higher to accommodate our larger propellers. After this
modification, the outboard can now support propellers up to 14”.

Left: The modified outboard lower unit, with the ventilation plate cut back to allow for larger
propellers. Right: The outboard motor with a frame of the upper unit, mounted on the boat hull.
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Appendix I: Solar Energy System Data
A. Solar Charger Datasheets
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B. Solar Panel Datasheets
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C. Explanation of Step-Down vs. Boost MPPT Chargers

The power output from a solar cell can be defined by an IV curve showing the
relationship between the operating voltage and the output current[6]. Two defining values for a
solar panel are its short circuit current, Isc, and its open circuit voltage, Voc. The short circuit
current is the maximum output current of the panel but exists at 0v, meaning the total power
output is zero. Similarly, the open circuit voltage is the maximum voltage difference across the
panel, but since the current is zero at this point, the total power output is zero. The best output
lies on the curve somewhere between these two points.

Altering the load on the solar panel can change the position on the IV curve. The point
where power is maximized is the “Maximum Power Point,” which is some point (Vmp, Imp) on
the IV curve where P=IV yields the maximum power. An MPPT algorithm tracks this point to
maximize output from a panel, as seen in the chart below.

The maximum power point is some point (Vmp, Imp) on the curve where P=IV yields the maximum
power. Under normal operation, Vbat< Vmp, the step-down charger works normally.

If the MPPT charger uses a step-down converter and the battery voltage (Vbat) is greater
than the maximum power point voltage (Vmp), the power is restricted as the converter can only
operate at input voltages greater than or equal to the output voltage. This is the case with our
solar panels: Vmp= ~31v, and Vbat= ~42v during charging. This case is seen in the chart below,
where the voltage is clamped to the lowest possible value, the battery voltage.
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In this chart, the battery voltage is greater than the maximum power point voltage. Since the
step-down converter cannot convert a lower voltage input to a higher output, the voltage is

clamped to the lowest possible value, which is the battery voltage.

With a boost converter, the DC/DC converter can operate at voltages up to the battery voltage,
which better matches our solar panels and batteries without causing voltage clamping that
restricts the output power.

MPPT algorithm with a boost converter, where Vmp< Vbat. The maximum power point is reached
because the boost converter is able to use any solar panel voltage below the battery voltage. This

matches our solar configuration.
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Appendix J: Hull Design Data

A. Hull Modification Process
Below is a selected sequence of pictures from this year's hull modification process.

Left: The hull is left outside. The boat's current state is salvageable. Right: Hull modification
work begins. We started by removing the benches. The wood used to build the benches was
saturated with water, and water pooled on the inside of the sealed compartment.

The entire interior of the hull was sanded to remove any remaining wood and fiberglass. This left
just the fiberglass shell, which could now be reinforced.
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Left and right: Stripped boat. Began adding in stringers with marine plywood.

We mounted the transom and stringers to the hull using fiberglass strips and epoxy.

Re-epoxy and paint the boat—A new internal steering structure was built.

Stringers and steering structures are in. Solar Panels have been placed to demonstrate their
placement. The solar panel stands are next to be built.

Next, we constructed the remainder of the hull reinforcement, made up of the wooden frame and
lightweight plywood enclosing the buoyancy boxes.
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All joint locations were reinforced with marine epoxy and fiberglass to secure the wooden panels
to the boat and to each other.

We painted all the visible surfaces with marine top coat paint. The surfaces inside the buoyancy
boxes will be covered with floatation foam, and have been encapsulated with epoxy.

Next, we plan on putting a second coat of paint on the interior, and adding a flexible rubber “rub
rail” along the gunwale.

B. Hull Design History
Below is a summary of our team’s research into the hull design process. Although we did not
build our own hull this year and elected to use a premade hull, the knowledge gained from this
process will be of use in future years.

2010 - 2011

The team’s first hull was a premade fiberglass cargo canoe, the Ungava Bay 16,
manufactured by Great Canadian Canoes and purchased by the team during their first year of
existence. This hull is a square-stern canoe, a displacement hull with a weight of ~120 lbs and a
carrying capacity of ~800 lbs.[7] High stability and effectiveness at low speeds, poor performance
in the sprint. This hull was modified this year and serves as a good base hull for our team.

2011 - 2014

This design, the first fiberglass boat the team manufactured, was a hybrid
planing/displacement hull with a triangular design. Lack of experience in fiberglass construction
and a fiberglass-cloth-based process made this hull extremely heavy and unwieldy, but it served
as valuable experience in learning the techniques of hull construction.
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2015 - 2016

The team will manufacture the second fiberglass boat with a “pickle fork” trimaran
design. While creative, the short, wide hull caused a large amount of drag. Additionally, the
trimaran hull that this design was based on is intended for high-speed racing boats, which benefit
from the tracking ability, a benefit that did not apply to our team. The hull suffered from
cavitation issues due to the wide transom, necessitating a propeller far back from the transom of
the hull.

2017

This hull was our team’s first attempt at cedar strip hull construction. This hull was
extremely light when unloaded (~20 lbs). The hull had stability issues; the lack of a hard chine
and a very round hull profile meant the center of gravity was very high, and no significant
righting moment was created when the hull was tipped over. Our team was required to include
pontoons, which caused a large amount of drag. The cedar strip hull construction process that we
learned from the development of this hull is likely to be used in the future due to its simplicity.

C. Hydrostatics Testing Program
As our team experimented with modeling hull designs, we needed to quickly determine

the hydrostatic properties of the hull models we developed. Waterline position, stability curves,
center of mass, and other properties are valuable during the hull design process as basic metrics
for how seaworthy the hull will be.

While programs such as ANSYS Fluent are powerful, determining these values through a
full fluid simulation is time-consuming and complex. Design software such as Rhino/Orca
provides utilities to calculate these values for a hull model, but our team would like to maintain
our use of Solidworks for all design work.

The team expressed a need for a system that could quickly calculate the following
hydrostatic properties for Solidworks-based hull models:

● Total water volume displaced
● Waterline position
● Static Pitch/Roll
● Hull stability curves
● Center of Gravity
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Based on this need, a team member built a tool for calculating boat buoyancy, stability,
and waterline. This tool, called “Float-Util,” can quickly import a model and perform analysis,
providing hydrostatic information. Since our team did not end up designing and building a boat
hull this year, we did not have a chance to use this tool extensively. However, we can now
perform these calculations quickly, which will assist our team in the future.

Screenshots of the Float-Util program in action; pictured right is a boat hull being simulated for
roll stability.

1) Workflow: The workflow for using the tool is as follows:
1) A user exports their Solidworks-created hull model to an .STL file
2) In Float-Util, they select the model, enter the desired weight
3) The user can optionally provide a custom COG. If nothing is specified, the COG of the

model is automatically calculated.

Once a model is loaded, any configuration options (weight, COG, etc.) will be modified to
update the output to instantly reflect the new hydrostatic properties. Using this tool, a hull
designer can quickly view the consequences of a modification to the hull profile.

2) Mesh Volume & Center of Mass Calculation: The simulation requires calculations of the
volume and center of mass for the split hull meshes. For simplicity, we assume that all meshes
are enclosed and made entirely of triangle polygons.

The volume and center of mass calculations both use a similar technique: Construct a
tetrahedron from the polygon to the origin of each triangle. The volume and/or center of mass of
the tetrahedron can be calculated. Then, based on the direction of the triangle normal (facing
towards/away from the origin), the values are added or subtracted to a global accumulator.

If the triangle faces away from the origin, this represents the solid body's beginning, or
"outside," and we add the volume to the accumulator. If the triangle faces towards the origin, this
represents the end, or "inside" of the solid body, and we subtract the body spanning from this
triangle to the origin.

After all the triangles have been iterated through, we are left with values representing the
center of mass and volume of the entire body.
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3) Iterative Simulation: To calculate the boat’s waterline position, an iterative simulation is run,
which “floats” the boat in the water using its center of mass, the center of buoyancy, and net
buoyancy. At each step of the simulation, two operations are performed, which control the
position and rotation of the floated body:

● The volume calculation is used to obtain the mass of fluid displaced by the underwater
hull segment. The hull weight is subtracted by this value to obtain a delta, which is
applied to the boat's Y coordinate. This "floats" the boat vertically, finding an equilibrium
for displacement.

● The center of mass calculation is used to obtain the centers for the full and underwater
bodies. The center of mass of the underwater buoyancy, also known as the "center of
buoyancy," is calculated. A moment is calculated and applied, rotating the hull to find a
stable angle.

This simulation is iterated until both the position and rotation deltas are significantly small.
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Appendix K: Project Management Data

A. Executive Board Roles
The executive board is made up of the following roles, elected yearly:

● President: Presides over meetings, maintains organization within the club and guides the
club’s overall mission.

● Head Engineer: This person oversees the boat's building and its various systems and
ensures the engineering teams have the resources needed to succeed.

● Business Manager: This position is responsible for managing all finances and
transactions and interacting with club sponsors and the school’s departments.

● Project Managers: Responsible for their specific project and keeping a log to report
back to the Head Engineer.

B. Budgeting Documentation
Below are the spreadsheets we used to track expenses for our team. We tracked each

purchase using an Excel spreadsheet and tabulated our total expenses in a cumulative purchase
log, as shown below. For each purchase, we used a template form that included details about the
items, where they were purchased, their cost, and our funding source. The business manager
maintained these spreadsheets.

The cumulative purchase log for the year shows all transactions and the remaining budget.

A template used for individual purchases. To use this, the team fills out the list, and the business
manager adds it to the cumulative purchase log. As the purchase is performed and tracked, the

business manager updates the status of this purchase sheet and the master sheet.
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Appendix L: Power Budget
The power budget is an estimate of how much power we have available to use during

endurance mode. The goal is to allow our boat to drive continuously throughout the entire
endurance race, with the batteries ending the race drained. We started by finding our batteries'
effective continuous amperage capacity to calculate our power budget. Over the course of 2
hours, the endurance heats up, and the batteries can discharge 16.59A to reach 10.5v. In order to
best preserve our batteries and prevent damage to their capacity, we decided not to discharge
them past 10.5v.
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Constant current discharge information for the 45 UPS battery, provided by the manufacturer.
Our solar panel configuration is rated for 512W. Ideally, on a partly clouded day, our

panels will produce 80% of this rating for a total of 410W. At 36v, 410W pushes 11.4A of
current. Combining the solar panel and battery currents, we can achieve 28A.

However, in experimental testing of our solar panels, we consistently achieved near 60%
solar efficiency or approximately 290W solar panel output. These trials were performed in the
early spring and are an effective conservative estimate. At this level of efficiency, our panels
push 8A of current, affording us 24.6A total.
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Appendix M: Propeller Data

A. Validating Testing Methods

RPM vs. Thrust results for two different testing sessions on the real Solar Splash propeller.

Compare SS 3D printed to SS actual testing.
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B. Simulation Results

Correlating SS Simulation to SS testing data.

Comparing all the different propellers against each other.
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C. Modeling and Optimization

3D printed models and Static wireframe view of rotating region geometry in NX.

Round one results of Taguchi Method optimization examining four parameters with three levels
of values each.
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Round two results of Taguchi Method optimization examining eleven parameters with three levels
of values each.


