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2024 University of Dayton Solar Splash Technical Report 

I. Executive Summary 
UDSS placed 6th overall in the 2024 Solar Splash competition, with the main performance 

weakness being the boat’s low maximum speed as a result of the design’s small propeller. In 
addition, the team faced issues during the competition with unwanted motor shutoff, insecure 
charge controller wiring connections, and the propeller becoming disengaged from the shaft.. 
Based on these results, designing a custom outboard and propeller, improving steering design 
and driver positioning, repairing damage to the boat, and improving electronics system 
diagnostic capabilities were identified as main priorities for improvement.  

The 2024 design achieved a maximum speed of 5.8 mph, significantly below the top 
performing sprint speed achieved by the University of Puerto Rico at Mayaguez, 24.9 mph 
(Appendix F). Therefore, designing an outboard and propeller capable of achieving speeds 
necessary to win the competition was the primary design focus. The outboard was designed to 
withstand the force generated by the propeller at 12 m/s with a 1:1 gear ratio at the bevel gears. 
The team investigated the use of a toroidal propeller to increase efficiency and thrust in the 
competition. 

The 2024 design included a tiller-based steering system, with the driver positioned in the 
starboard aft deck corner. The driver’s legs were positioned in the bilge beneath solar panels 
mounted 19 inches above the deck. This position made slalom steering difficult, driving for long 
periods uncomfortable, and egress difficult (though within Solar Splash regulations of five 
seconds). Therefore, the 2025 design moved the driver's position towards the bow, with steering 
controlled by a cable-based system. The team also focused on repairing water damage to the 
flotation foam and plywood of the hull, achieving a higher build quality and decreasing overall 
weight. This entailed removing all of the foam from the hull and  replacing only the necessary 
foam.Multiple solar charge controllers, unevenly distributed among panels, potentially causing 
charging and discharging imbalances. These charge controllers were replaced with a single 
Victron Energy MPPT 150/35 charge controller that is capable of charging the system at 36 volts, 
and offering more advanced data monitoring capabilities. In addition, the team addressed 
unintended motor shutoff encountered during the 2024 competition by adjusting the peak motor 
speed within motor controller tuning. The team made no changes to battery and coolant system 
designs.  

On-water testing will be conducted at Eastwood Metropark in Dayton, Ohio to determine 
hull drag, motor power consumption, and optimum propeller dimensions. The design 
improvements are expected to significantly improve competition performance in the 2025 Solar 
Splash competition.  
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III. Overall Project Objectives 
The University of Dayton Solar Splash team’s goals for the 2024-2025 academic year are 
detailed in Table 1. 

Table 1: UDSS 2025 project objectives 
System Goal 
Solar Redesign the solar panel setup to be more space-efficient. 

Electrical Organize electronics wiring to be more space efficient on the hull. 

Power Electronics Address unwanted motor controller automatic shutoff by tuning motor 
controller software. 

Hull Design 

Repair water damage to hull wood to maintain structural integrity.  

Remove excess floatation foam to decrease hull weight. 
Reposition the driver's seat from the starboard aft to be amidships towards 

the bow, in conjunction with the redesigned steering system to create a 
more ergonomic driving experience. 

Drivetrain & 
Steering 

Design and build a new outboard to replace the previously used Johnson 
Marine 4R76M outboard.  

Design and build a steering joint and steering cables to replace tiller-based 
steering.  

Replace coolant system motor with one of lower power that meets the 
required performance specifications, while conserving power and space.  

Data Acquisition and 
Communications 

Implement a diagnostics system to monitor the motor, motor controller, 
solar panels, and battery performance characteristics. 
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IV. Solar System Design 
A. Solar Panels 

1)  Current Design: The 2023-2024 solar system design was composed of 5 panels in a 
720W system (Table 2), secured to the boat using aluminum frames. All solar panels 
except the Renogy RNG-100D-SS (A) were donated to the team by a university research 
lab. These panels have a low power density, and took up the majority of the available 
deck space (Figure 1). As a result, panels were mounted on hinging aluminum frames to 
allow access to the electronics below. The panels left very little room for the driver, 
making boarding and egress difficult.  

Table 2: UDSS 2024 and 2025 solar panel characteristics 

 2024 2025 

Specification 
Renogy 

RNG-100D-SS 
Renogy 

RNG-100D QSolar QSF SANYO 
HIP-200BA3 

Panasonic 
EVPV360PK 

Qty 1 1 2 1 2 
Dimensions (in) 20.75 x 41.75 21.25 x 47 32.75 x 52.25 34.25 x 52 69.1 x 40.94 

Pmax (W) 100 100 160 200 360 
Weight (lb) 14.3 21.0 30.9 30.9 43.0 

Efficiency (%) 21 15.47 16.96 16.96 19.72 
Vmp (V) 17.9 18.9 55.8 55.8 33.9 
Imp (A) 5.72 5.29 3.59 3.59 10.62 
Voc (V) 21.6 22.5 68.7 68.7 40.6 
Isc (A) 6.24 5.75 3.83 3.83 11.26 

Weight/Area 
(lb/in²) 0.0165 0.0210 0.0180 0.0180 0.0302 

Watts/Area 
(W/in²) 0.115 0.100 0.094 0.094 0.202 
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Figure 1: Solar panel layout for the 2024 and 2025 UDSS boat 

2) Analysis of Design Concepts: The solar panel setup was redesigned by University of 
Dayton students for MEE-461 (See Appendix G). The design was projected to cost 
$961.16 for solar panels, framing, and wiring. The design implementation cost 794.13. 
Two Panasonic EVPV 360W solar panels are wired in series, and are positioned behind 
the driver (Figure 1).  

3) Design Testing and Evaluation: The team performed functionality testing on the 
Panasonic EVPV 360W panels by measuring voltage in direct sunlight. During future 
on-water testing, energy generated by solar panels in varying sunlight conditions will be 
measured, and compared to product specifications (Figure 2). 
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Figure 2: Panasonic EVPV 360W voltage and current dependency on irradiance [1] 

B. Battery Bank 
1) Current Design:  The propulsion battery bank is composed of three UPS Battery Center 

TLV12500F11 12V 50 Ah batteries. The supplementary battery system is  12V Mighty 
Max Battery ML18-12 battery. Battery placement and wiring is shown in Figure 3. In 
future years, the team may investigate battery systems with a higher discharge rate and 
capacity to avoid lags in the battery power output and greater endurance, but no design 
changes were made to the system based on prior success. Battery system data sheets are 
shown in Appendix A. 

2) Analysis of Design Concepts: N/A 
3) Design Testing and Evaluation: N/A 
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V. Electrical System 
A. Electrical System Block Diagram 

1) Current Design: The detailed circuit 
diagram for the team’s boat is shown in 
Figure 3. The craft's main battery bank 
powers the propulsion, control, and 
coolant systems. A secondary circuit with 
a separate battery powers the onboard 
bilge pump. Five onboard solar panels 
with a total output of 720W offer 
charging capabilities to extend overall 
runtime in sunny conditions.  

Four SunSaver MPPT-15L charge 
controllers are used to convert the AC 
power generated by the panels to DC 
power for charging the main battery bank. 
While the design has many strengths, the 
four charge controllers used are unevenly 
distributed among the three propulsion 
system batteries, and 5 solar panels, 
which may negatively affect charging rate 
distribution.  

2) Analysis of Design Concepts: The prior 
design’s charge controllers are replaced 
with a single SmartSolar MPPT 150I35 
charge controller (Table 3). The single 
charge controller will prevent present and 
future issues with balancing distribution 
between batteries and panels, even if future teams modify the amount further. 
Consolidation of the charge controllers into one will also simplify troubleshooting any 
future charge controller errors. The updated charge controller also provides battery 
voltage, panel wattage flexibility, and built-in data acquisition capabilities (addressed in 
IX. Data Acquisition and Communications).  
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Table 3: SmartSolar MPPT 150/35 and SunSaver MPPT-15L technical specifications [2], [3] 

Competition Year 2024 2025 

Charge Controller SunSaver MPPT-15L SmartSolar MPPT 150/35 

Maximum Output Current 15 A 35 A 

Cost ~$300 $184.45 

Nominal Battery Voltage 12, 24 V 12, 24, 36, 48 V 

Nominal PV 
Power 

12 260 W  500 W 

24 520 W 1000 W 

36 N/A 1500 W 

48 N/A 2000 W 

Imax, sc Not Listed 40 A 

VPV, max, oc   60 V 150 V 

Peak Efficiency 97.5 % 98 % 

Data Communication Modbus and SNMP over EMC 
Protocol 

VE.Direct and Bluetooth via 
VictronConnect App  

Dimensions 16.9 x 6.4 x 7.3 cm  130 x 186 x 70 mm 

Weight 0.6kg 1.3kg 
 

3) Design Testing and Evaluation: N/A 

VI. Power Electronics System 
1) Current Design: The craft uses an Inmotion Technologies ACS GEN7 motor controller 

[4] and a DHX P20 brushless motor [5] for propulsion (Figure 4). The motor controller 
translates throttle commands from the skipper, and monitors an extensive list of motor 
parameters, including speed and temperature. The 2024 system did not display any 
diagnostic feedback to the skipper, however, any error codes were saved onboard the 
controller for post-run analysis. After implementation of the propulsion circuitry, the 
motor controller was tuned to ensure precise control of the motor’s speed, position, and 
direction, in collaboration with an Inmotion Technologies representative. Despite tuning 
efforts, the team encountered persistent, unwanted motor controller auto shutoff in 
testing, and were not able to address the source prior to the 2024 competition.  
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Figure 4: Motor and motor controller design 

2) Analysis of Design Concepts: The team worked with InMotion representatives to 
recreate motor shutoff error. From the error recreation, the peak motor speed was raised 
from 4500 RPM to 6500 RPM.  

3) Design Testing and Evaluation: The team validated the effectiveness of the motor 
controller changes during testing.  

VII. Hull Design 
1) Current Design: Flats River Skiff 14 (FRS-14) “stitch and glue” build plans [6], 

sponsored by Salt Boatworks (Figure 5), were used to construct a hull that minimized 
drag through planing, could achieve a top speed of over 25 MPH, and had a wide beam 
that would allow for effective cornering during the slalom event. Construction of the hull 
began in Spring 2024, and concluded in Fall 2024. A mixture of 2-pound and 5-pound 
density foam was used due to material availability. After completing the original build, 
the team opened up several of the bulkheads for driver seating, battery storage, and bilge 
seating. In addition, framing was added on the flooring to attach panel standoffs, charger 
controllers, driver seat, motor control unit, and control panel.  

While the hull was functional in the 2024 competition, the design had several 
drawbacks. Lack of team experience in stitch and glue build and composite 
manufacturing lead to uneven and nonsymmetric surfaces on the hull. In addition, the 
boat contained more foam than was required to prevent the boat from taking on water, 
and was extremely heavy. Both of these were predicted to negatively impact speed and 
efficiency. Finally, improper epoxy sealing techniques allowed water damage to the 
plywood to occur.  
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Figure 5: Salt Boatworks FRS-14 overall layout, shown on the Salt Boatwork website [7] 

2) Analysis of Design Concepts: In order to address excess foam and water damage 
concerns, all foam was removed from the boat, and 2 lb density expanding polyurethane 
foam repoured in all bulkheads except in two central exterior compartments (Figure 6). 
Foam-containing bulkheads were chosen based on required mass of foam (see Appendix 
B) and required deck sturdiness based on mass distribution. Water-damaged wood was 
removed, and reinforced with new wood, then fiber glassed and epoxied. A new plywood 
deck was installed , fiberglassed, and sanded. In addition, driver placement was moved 
towards the boat bow to allow for more even weight distribution. The team kept the two 
wells used in the 2024 competition, but switched which ones were being used for battery 
storage and as a foot well for the 2025 competition (Figure 6).  
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Figure 6: Hull foam and deck 2024 and 2025 designs 

3) Design Testing and Evaluation: Hull modifications removed an estimated 50 lbs from 
the hull, allowing for decreased drag and greater ease of transportation. Hull drag and 
weight calculations may be found in Appendix B. Flotation Calculations. During 
on-water testing, drag will be experimentally determined using methods outlined in 
section D. Propeller.  
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VIII. Drivetrain and Steering 
A. Drivetrain 

1) Current Design: The 2024 drive train was created from an adapted Johnson Marine 
4R76M. This outboard motor from 1976 originally came with a two-piston, two-stroke 
internal combustion engine that was rated for 4 horsepower. The team removed all 
combustion engine parts from the outboard, to allow for the integration of a DHX 
Peregrine P20 Motor (Table 4). This motor can provide a peak output of 25 horsepower 
and 30 ft*lb of torque, and is controlled with an inmotion ACS48M55 Gen 7. The P20’s 
nominal RPM of 4400 matches the wide-open throttle range of the original Johnson 
outboard engine. The outboard had a 25:12 gear ratio into the propeller, giving an output 
speed of 2200 RPM [8], [9].  

Table 4: Peregrine P20 motor characteristics 

Speed (RPM) 
Nominal 4400 

Peak 6500 

Torque (N-m) 
Nominal 25 

Peak 40 

Power (kW) 
Nominal 11.5 

Peak 18.4 

Current (A) 
Nominal 250 

Peak 425 
Efficiency Peak 95 

2) Analysis of Design Concepts: The custom-designed outboard (Figure 7, Table 5) was 
CNC manufactured by the team. The team machined the shaft down to a stock size for 
the spline, but did not have the capabilities to match the spline to the kit we purchased, so 
the shaft was sent to Dayton Gear to cut the spline and complete the prop shaft. 

 

Figure 7: Custom outboard design CAD  
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The aluminum gearbox contains 2 KHK-SM3-16 gears and was machined in two sections 
connected by screws and locating pins (Figure 7). The O-ring and oil seal in the gearbox 
ensure it is water tight. The prop plate holds the oil seal and back bearing, while the back 
plate holds the other bearing that transmits the thrust from the prop to the rest of the boat. 
The outboard design is modular, which will allow for future design modifications as 
needed. The 1:1 gear ratio under the water makes designing change gears outside of the 
water significantly easier should the team decide that is necessary in future years.  

Table 5: 2024 and 2025 Outboard Characteristics 

 2024 2025 
Johnson Marine 4R76M UDSS Designed Outboard 

Material Steel CNC Aluminum 
Gear Ratio 25:12 1:1 

Maximum Rotational Speed 3120 6500 

Modularity Limited to standard service 
disassembly 

Fully modular to allow for 
partial development in future 

years 

3) Design Testing and Evaluation:  N/A 

B. Coolant System 
1) Current Design: In this design, shown in 

Figure 8, coolant is transferred from the 
reservoir into the pump, then pushed 
through the motor, radiator, and then 
finally back into the reservoir. This system 
runs the electric pump and radiator 
concurrently off of one switch. The design 
of this system was heavily influenced by 
the suggestions of DHX representatives, 
who recommended a JEGS 555-60346 
transmission cooler, and a coolant flow rate 
between 15.5 and 26 L/min. The 
recommended JEGS transmission cooler 
assembly was selected for the radiator and 
fan cooler. The Wasserman 
 4WDP5-55-12V pump has a flow rate of 
18.9 L/min  and is designed to be used in 
RVs and other systems with limited power.  

Figure 8: Coolant System layout 
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2) Analysis of Design Concepts: N/A 
3) Design Testing and Evaluation: N/A 

C. Steering 
1) Current Design: The 2024 steering system used the integrated tiller from the outboard’s 

original setup. The tiller was modified to stand at a slightly higher angle to avoid the 
radiator. Due to time constraints and concerns about commonly encountered failures in 
cable-controlled systems, the team did not pursue a more technical steering system for the 
2024 competition.  

Figure 9: Cable-based steering system dimensions 
 

2) Analysis of Design Concepts: With the driver’s position being moved towards the bow 
by the hull team (see VII. Hull Design), the team implemented a new cable-based  
steering system. Using a steering wheel for the control point, the VEVOR Boat Steering 
System was used to translate steering wheel motion into outboard movement. The cable 
steering system uses a cog to push/pull the cable, allowing the outboard 35 degrees of 
rotation from center in either direction (Figure 9).  

3) Design Testing and Evaluation: N/A 

D. Propeller 
1) Current Design: The team used the original 7.5x6LH propeller from the converted 

Johnson 4R76M outboard. The propeller was undersized for the converted drivetrain 
motor and was operated at high rotational speed, leading to low propeller efficiency and 
suboptimal thrust generated.  
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2) Analysis of Design Concepts: The new design features a new toroidal propeller, designed 
and tested by the team, as well as commercially available propellers from Turning Point 
(Table 6). The selection of Turning Point for the propellers allows the team to reuse the 
same propellers with multiple different hubs and their associated drive splines, using the 
MasterGuard #11 hub kit, which will provide dependable driving of the propeller up to 
75 horsepower (Figure 10). 

 

Figure 10: Turning point MasterGuard #11 hub kit 

These hubs allow us to easily attach the in-house designed toroidal propellers, which are 
able to achieve greater efficiency and thrust while lowering cavitation compared to 
conventional propellers [10]. The characterization of toroidal propellers requires the use 
of additional dimensions, described in Figure 11, including vertical angle (α) and lateral 
angle (φ). 

 

Figure 11: Common dimensions used in toroidal propeller design, modified from [10] 
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Python code was used to generate 3D points for desired propellers, using equations from 
[10].  

Table 6: Commercial and designed propeller characteristics  

Propeller Hustler 2130 
1110 

Hustler 2130 
1510 

Sprint Toroidal 
Propeller 

Endurance 
Toroidal 
Propeller 

Diameter 10.875 in 10.13 in TBD TBD 
Pitch 11 in 15 in 55 deg 48.5 deg 

Hub Diameter 3.25 in 3.25 in 55 mm 55 mm 
Axial Span (L) 2.75 in 3.35 in 0.33D 0.13D 

Commercial propeller analysis will be performed using Matlab OpenProp [11] to 
determine power number, thrust number, and efficiency of commercial propellers for use 
in on-water testing.  

 

Figure 12: FEA static torque analysis stress results for 10” diameter sprint propeller 

SolidWorks finite element analysis (FEA) was used to evaluate the suitability of ABS and 
PETG for toroidal propeller 3D printing at 40 N-m of applied torque (Figure 12). FEA 
results consistently predicted propeller permanent deformation under maximum torque 
loading. Due to the variability in material properties of FDM printing [12] propeller 
strength will be validated using destructive torque tests.    

3) Design Testing and Evaluation: Propellers will be verified to withstand torque up to 40 
N-m (peak motor torque) within the elastic deformation region, to ensure they do not 
break or deform during use (Figure 13).  
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Figure 13: Labelled example of torque-to-failure destructive test results to be performed on 3D 

printed toroidal propellers [13]. 

Propeller performance will be quantified through power number (NP), torque number 
(NQ), thrust number (Nτ), and efficiency (η) (Table 7). Propeller torque (Q), power 
delivered (P), and motor rotational speed (n) are measured directly by the motor 
controller (Appendix H) and reported through the data acquisition system (IX. Data 
Acquisition), allowing for direct calculation of NP, NQ, and J.  

Table 7: Propeller performance characteristics  
Parameter Equation Description 

Power Number Np =  𝑃

𝑛3𝐷
𝑖
5ρ

Ratio of power produced to fluid density, impeller 
speed and size. 

Torque Number NQ =  𝑄

𝑛2𝐷
𝑖
4ρ

Ratio of torque produced to fluid density, impeller 
speed and size. 

Thrust Number Nτ =  τ

𝑛2𝐷
𝑖
4ρ

Ratio of thrust produced to fluid density, impeller 
speed and size. 

Efficiency 
(%) η =  

𝑁
𝑇
  𝐽

2 π 𝑁
𝑇

Ratio of thrust horsepower to delivered horsepower.  

Advance 
Coefficient 

J =  𝑣

𝑛 𝐷
𝑖

Distance a propeller travels over the distance the 
propeller rotates. 
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Propeller thrust generated is not captured in the data acquisition system, and will 
therefore be calculated for toroidal propellers using hull drag. At constant speed, the 
thrust delivered by the propeller is equal to the form and friction resistance of the hull: 

 𝑇 =  𝑁
τ
𝑛2𝐷

𝑎
2ρ = 1

2 ρ𝑣2𝐴𝐶
𝑑
 

Thrust coefficients for commercial marine propellers will be estimated using Matlab 
OpenProp, and will be used to determine the drag coefficient (Cd) at varying speeds. 
Toroidal propeller Nτ will be calculated by operating the hull at the same range of speeds, 
and using the previously determined Cd to calculate Nτ.  

IX. Data Acquisition and Communications 
Motor parameters (Appendix 
H) are monitored through the 
ACS GEN7 motor controller, 
and passed to Raspberry Pi 1, 
running Raspberry Pi OS. 
Battery and solar array 
qualities are monitored 
(Appendix H) through the 
Victron Smart Solar charge 
controller, and data passed to 
Raspberry Pi 2, running Venus 
OS. Both Raspberry Pi’s are 
powered by the primary 
propulsion system batteries, 
and communicate with UDSS 
members on shore through a 
Remuar Wifi HaLow ethernet 
bridge, which broadcasts a 
WiFi signal to a bridge and 
router onshore (Figure 14). 
Data processing is performed on Raspberry Pi 3, and displayed to a primary monitor onshore, 
though any UDSS member connected to the WiFi may view the data in the local cloud. The 
skipper and UDSS data monitoring team communicate through Cobra 50WXST radios as 
needed.  

X. Project Management 
UDSS is divided into hull, motor, electronics, and business subteams, with an associated 

student lead (see Appendix D. Team Roster) facilitating subteam meetings and delegating action 
items. The team president oversees all subteams, communicates with Solar Splash and the 
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university, and facilitates full-team meetings. The treasurer leads budgeting, coordinates all 
purchases, and applies for university funding. The team holds biweekly full-team and weekly 
subteam meetings.  

Fund availability has historically been a large hurdle faced by the team. The team has had 
limited success with monetary sponsorships from companies, but consistently receives funding 
targeted towards student clubs from University of Dayton organizations. The team received 
funding from the Student-Innovative-Creative-Hands-on Project (SICHOP) grant, offered by the 
Ohio Space Grant Consortium (OSGC). The team’s largest source of funding is the UD School 
of Engineering (SoE) fund match program for eligible donations to engineering competition 
clubs (Figure 15). UDSS received fund matching from the SICHOP grant, Kokosing 
Sponsorship, and funding from the 2023-2024 school year. For the 2024-2025 school year, the 
team’s had $13,533.57 in rollover funding and sponsorships.  

 

Figure 15: 2024-2025 academic year fundraising amounts and sources 

The team anticipated a budget of $7,748.15 for the 2024-2025 school year, and were remarkably 
close, at an actual total of $7,458.03, despite overspending in the hull and data acquisition 
categories, and underspending in the drivetrain & steering (Figure 16).  
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Figure 16: Predicted and actual budget for the 2024-2025 academic year 
 

Project management was identified as a top priority for the team, to allow for adequate time for 
testing (Figure 17). This year, the team met most of their timeline objectives.  Specifically, the 
design timelines were maintained with manufacturing and testing falling short this year.  These 
manufacturing and testing delays come as a result of a multitude of causes, however the most 
common cause was the delayed arrival of funding this spring. Another major hurdle for the team 
was a three week period where no progress was made on hull repairs. This came from team 
members being off for spring break and two weeks of poor weather which delayed the 
completion of hull repairs, and as a result delayed implementation of other systems onto the hull 
in addition to delaying the testing schedule.  

 
 

  

21 



2024 University of Dayton Solar Splash Technical Report 

 

Figure 17: Project timeline gantt chart 
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XI. Conclusion and Recommendations 
In the future, the team plans to design and build a new carbon-fiber hull, improve data 
acquisition, continue to develop better propellers, and add change gears to offer gearing changes 
to better suit each propeller. Failure points at competition and at future testing will also be 
addressed. The team hopes to improve upon sub-team organization and time management, and 
increase planning time for projects. In addition, the team struggled somewhat with new member 
retention, especially underclassmen who lacked experience in design work and were hesitant to 
engage as a result. In future years, the team hopes to incorporate teaching younger members 
through collaborative projects and meetings to address this issue. Finally, progress during the 
Fall semester was hindered due to a lack of available funding, which the team hopes to avoid in 
future years, and has budgeted to achieve next year. Teamwork and collaboration enabled much 
of the successes the team has had this year. The addition of a data acquisition system, new panels 
and chargers, a custom outboard, and multiple propellers are major technical successes that will 
positive impact the team’s performance throughout this competition and into the future. An 
evaluation of individual team goals is detailed in Table 8.  

Table 8: Evaluation of 2025 project objectives 
System Objective Evaluation of Objective  

Solar Redesign the solar panel array to be more 
space-efficient. 

The array was made much more efficient through a 
reduction in components.   

Electrical Organize electronics wiring to be more 
space-efficient on the hull. 

Organization and wire management was successfully 
improved, additions to circuit were implemented 
seamlessly, without impacting the overall circuit.  

Power Electronics 
Address unwanted motor controller 
automatic shutoff by tuning motor 

controller software. 

Motor controller shutoff issue addressed. Though it may 
have been addressed through 1:1 gearing on custom 

outboard and larger propeller diameter, the team gained 
knowledge useful for addressing future issues.  

Hull Design 

Repair water damage to hull wood to 
maintain structural integrity.  

Damaged wood was successfully removed and the team 
gained knowledge about proper epoxy application.  

Remove excess floatation foam to 
decrease hull weight. 

Foam removed and replaced with correct weight foam and 
limited the overall weight, though the boat is still quite 

heavy compared to other teams.  
Reposition the driver's seat from the 

starboard aft to be amidships towards the 
bow. 

Steering design was improved to allow for height 
adjustments for the steering wheel and seat.  

Drivetrain & Steering 

Design and build a new outboard to 
replace the previously used Johnson 

Marine 4R76M engine outboard.  

Designed outboard meets needs and design goals, and is a 
significant improvement from prior Johnson outboard. 
However, the design finished several weeks later than 

intended.  
Design and build a steering joint and 
steering wires to replace tiller-based 

steering.  

The steering wheel should greatly improve boat control, 
with the added speed of the new outboard. 

Data Acquisition and 
Communications 

Implement a diagnostics system to monitor 
the motor, motor controller, solar panels, 
and battery performance characteristics. 

Remote data acquisition is a significant advance from 
previous years, but the team has done little work so far to 

enable automatic data processing.  
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XII. Appendix 

Appendix A. Battery Documentation  
Three UPS TLV12500F11 12V batteries for propulsion, and one Mighty Max Battery ML18-12 
12V battery for the supplemental battery circuit. The safety data sheets for both are appended 
below.  
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1) UPS TLV12500F11 Safety Data Sheet

  

26 



2024 University of Dayton Solar Splash Technical Report 

  

27 



2024 University of Dayton Solar Splash Technical Report 

  

28 



2024 University of Dayton Solar Splash Technical Report 

  

29 



2024 University of Dayton Solar Splash Technical Report 

  

30 



2024 University of Dayton Solar Splash Technical Report 

  

31 



2024 University of Dayton Solar Splash Technical Report 

  

32 



2024 University of Dayton Solar Splash Technical Report 

  

33 



2024 University of Dayton Solar Splash Technical Report 

  

34 



2024 University of Dayton Solar Splash Technical Report 

  

35 



2024 University of Dayton Solar Splash Technical Report 

  

36 



2024 University of Dayton Solar Splash Technical Report 

  

37 



2024 University of Dayton Solar Splash Technical Report 

  

38 



2024 University of Dayton Solar Splash Technical Report 

  

39 



2024 University of Dayton Solar Splash Technical Report 

  

40 



2024 University of Dayton Solar Splash Technical Report 

 
  

41 



2024 University of Dayton Solar Splash Technical Report 

Figure 20.  
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2) Mighty Max Battery ML18-12 Safety Data Sheet
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Appendix B. Flotation Calculations 
Component Weights 

Component Weight (lbs) 

Solar Array  86 

Batteries 100 

Drivetrain (Outboard, Motor, Cooling) 63 

Hull 225 

Control Electronics 130 

TOTAL: 504 

TOTAL x 120% for Rule 7.13.4 605 

 

The hull displacement can be approximated by creating an line of best fit that follows the 
specifications that come from our design.  Salt Boatworks provides two datapoints, 2 inches at 
250 pounds and 5 inches at 850 pounds.  We combined these two and added one of zero inches at 
zero pounds to get a fit curve of our designed displacement.  This can be seen in the figure 
below, with our summed weights with and without the driver.   

  

Figure 18: Gross Weight vs. Draft 
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The necessary displacement was calculated to float our boat by calculating the weight of our hull 
and components, then applied a twenty percent increase as a factor of safety.  Our components 
with the factor of safety weigh 605 pounds.  To float these, our hull must be able to displace the 
appropriate amount of water, and also have sufficient foam onboard to keep that volume of water 
out.   

 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑁𝑒𝑒𝑑𝑒𝑑 =  (𝑊𝑒𝑖𝑔ℎ𝑡 𝑆𝑢𝑚)/(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟)

 9. 6953 𝑓𝑡3 = 604. 8 𝑙𝑏𝑠 / 62. 38  𝑙𝑏𝑠/𝑓𝑡3

The following equation can be used to find the volume of foam needed 
to prevent sinking in the event of catastrophic water ingress.   

 𝐹𝑜𝑎𝑚 𝑉𝑜𝑙𝑢𝑚𝑒 =  (𝑊𝑒𝑖𝑔ℎ𝑡 𝑆𝑢𝑚)/(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 − 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐹𝑜𝑎𝑚)

 10. 0164 𝑓𝑡3 =  (604. 8 𝑙𝑏𝑠)/(62. 38 𝑙𝑏𝑠/𝑓𝑡3 − 2 𝑙𝑏𝑠/𝑓𝑡3)

Our hull displacement is overestimated to account for a wide margin of error in our weights 
across the board due to potentially faulty scales and part variance.   

Our boat is filled in most of its bulkheads with expanding foam for flotation purposes.  We have 
approximately 11 cubic feet of foam inside our boat, and each cubic foot can maintain floatation 
for 60.38 pounds outside of it’s own weight. This exceeds the minimum requirements for our 
boat as outlined in rule 7.13.4.    

The code of all calculations is on the following pages.  
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Appendix C. Proof of Insurance
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Appendix D. Team Roster 
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Name Year Major Responsibilities 

Kaitlin 
Niebauer 

Sophomore BEE Electrical Engineering President 

Michael 
Wolf 

Senior BME Mechanical Engineering Interim President, data acquisition 
system design 

Ellie 
Opalek 

Sophomore BME Mechanical Engineering Treasurer 

Brian 
Piper 

Senior BME Mechanical Engineering Motor Team Lead, outboard design & 
manufacturing 

Sydney 
Guerin 

Sophomore BME Mechanical Engineering Hull Team Lead 

Jack 
Mueller 

Sophomore BCpE Computer Engineering Electrical Team Lead 

Cory 
Howley 

Senior BChE Chemical Engineering Technical Report Director, propeller 
design & manufacturing 

Lucy 
Westbrook 

Sophomore BSBA Marketing Business Team Lead 

Jack Erick Senior BME Mechanical Engineering Electronics design 

Elliot 
Stasek 

Junior BEE Electrical Engineering Hull construction 

Nick 
Yeoman 

Senior BME Mechanical Engineering Hull construction 

Lucas 
Cosentino 

Junior BME Mechanical Engineering Outboard design 

Courtney 
Prevost 

Freshman BME Mechanical Engineering Steering system design 
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Name Year Major Responsibilities 

Erin Fox Sophomore BEE & BCpE Electrical and 
Computer Engineering 

Electrical Enclosure Selection, 
Electrical Assembly 

Brennen 
Geiger 

Sophomore BME Mechanical Engineering Outboard Fairing Design 

Rachel 
Guinee 

Sophomore Electrial Engineering Electrical Enclosure Selection, 
Electrical Assembly 

Molly 
Eure 

Sophomore BME Mechanical Engineering General Hull Design and Construction 

Brock 
Smith 

Senior BME Mechanical Engineering General Hull Design and Construction 
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Appendix E. Sponsors 

Company Product 
Obtained 

Contact Contact Email 

Ohio Space Grant 
Consortium (OSGC), 
Student-Innovative-C
reative-Hands-on 
Project (SICHOP) 

Grant  Rydge Mulford  rmulford1@udayton.edu 

DHX Motors PEREGRiNE 
P20 motor 

Cameron Andersen,  
Su Mayor 
 

cameron.andersen@dhxmachi
nes.com, 
su.mayor@dhxmachines.com 

Home Depot Monetary 
Donation 

N/A N/A 

Inmotion 
Technologies 

ACS Gen 7 
motor 
controller 

Kaylan Sheally kaylan.sheally@evs-inmotion.
com 
ryan.kleiman@evs-inmotion.c
om  

Kokosing Monetary 
Donation 

Jared Cebulski jcebulski@kokosing.biz 

Salt Boatworks Flats River 
Skiff 14 - 
Microskiff 
Plans 

Adam Parchman adam@saltboatworks.com 

UDRI 2x Wheel 
Chocks 

Eric Troidl,  
Jake Browning 

eric.troidl@udri.udayton.edu, 
browningj3@udayton.edu 

UPS Batteries 3x UPS 
TLV12500F11 
Batteries 

Anton K. anton@upsbatterycenter.com 
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Appendix F. 2024 Solar Splash Performance Analysis 
 

Event Heat Time/Laps Notes 

Sprint 

1 124.86  

2 162.65 Propeller fastening key skipping 

3 131.82  

Endurance 

1 18 
Fastening issue on one charge controller 
causing uneven charging and premature 

battery discharge 

2 12 
Key dislodged from propeller fastening, 
propeller fell off in the lake and was not 

recoverable 

Slalom 

1 135.67  

2 DNF 
FDM and fiberglass-reinforced propeller 

(replacing prop lost in Endurance 2) 
broke during event 
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Appendix G. Solar Panel Layout Design Report 
Solar Splash Solar Array Technical Report  

12/11/2024  

Group Members:  

John Rypinski  

Harper Mitchell 

Index:  

Figures  

- Figure 1: Option 1 Array Design (page 3)  

- Figure 2: Option 2 Array Design (page 5)  

- Figure 3: Wiring Schematic for panels in option 2 (page 6)  

Tables  

- Table 1: Option 1 Cost Break Down and Materials (page 4) - Table 2: Current Solar 
splash panels (page 5)  

- Table 3: OPtion 2 Cost break down and materials  

- Table 4: Decision Matrix (page 7)  

Back Ground:  

The Solar Splash Club is a group of students who work together to design and build a boat that 
runs completely on solar power. They spend weeks and months planning, designing, and creating 
parts to make their boat better and more efficient.After finishing the boat, they take it to 
competitions where we race against teams from other schools and compete in different events.  

Deliverables:  

The Solar Splash team has tasked us with designing a solar array that is both efficient and 
compact enough to fit on their boat. We need to ensure the design maximizes energy output 
while staying within the space limitations of the boat. At the same time, we must carefully follow 
the rules and regulations of the Solar Splash competition to ensure our design meets all the 
required standards.  
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Design Requirements:  

- Boat specifications  

- 13’9” length  

- 49 ½” in width  

- Driver sits at 7’ from the back of the boat  

- Charge controller  

- Max amps 35 amps  

- Max Voltage 150V  

- Batteries three 12 volt batteries  

 

Option 1: New Solar Panels  

 
Figure 1: Option 1 Array Design  

Option 1 will utilize newer solar panels that will have to be purchased from a third party supplier. 
Only 2 new panels will have to be purchased for this design as well as 80/20 and water proof 
wiring. The new panels are 360 watt panels with 120 cells. The panels will be connected in series 
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to produce a total voltage of 68 volts and 10.62 amps. Which will pair well with the newly 
bought charge controller. The total weight of the panels will be 83 lb with the dimensions of 
81.88” by 69.1”. With these dimensions the panels will have an overhang of 9.8” on each side of 
the vessel. To deal with this overhang we recommend using 80/20 to raise the panels 14” from 
the top of the boat, this also follows the rules of competition which is 1.5 meters above the boat. 
Having the panels raised will also eliminate some of the worries of the driver casting a shadow 
over the panels which will limit the output of the panels.  

Cost Break Down and Materials:  

Table 1: Option 1 Cost Break Down and Materials  

Quantity  Item  Price Per Unit 

2  
Panasonic 360W Solar Panel 

120 Cell EverVolt  
EVPV360PK 

$351.57 

3  
T-Slotted Framing, Single Four 

Slot Rail, Silver, 1-1/2" SQ., 
Hollow, 4" Long 

$5.65 

7  
T-Slotted Framing, Single Four 

Slot Rail, Silver, 1-1/2" SQ., 
Hollow, 2" Long 

$ 4.41 

16  
Silver Corner Bracket, 1.5" 

Long for 1.5" High Rail  
T-Slotted Framing 

$8.80 

1  
25 ft. 12/2 Gray Solid  

CerroMax Copper UF-B Cable 
with Ground Wire 

$59.4 

 Total Price  $951.16 
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Option 2: Reusing Current Solar panels  

Table 2: Solar Splash’s current panels  

 

 

Figure 2: Configuration of current panels  
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Option 2 uses the newly purchased charge controller and the panels that the team currently owns. 
The challenge is maxing the panels Voltages at max power as if they are not close to each other it 
could lead to inefficiencies or damage to the panel with a smaller voltage. In figure 3 below it is 
shown how to wire the panels to ensure that this will not be a factor while also optimizing the 
voltage output of all the panels combined. Panels one and two have Vmps of 64.6 V, panel 3 20.4 
V, panel 4 18.9V, and panel 5 55.8V. Panels 1 and 3, as well as 2 and 4 can be wired in series 
then each of those sub circuits would be wired in parallel. Finally panel five could be wired in 
series to give a final output of 139.3 V. This way of wiring eliminates the concern of damaging 
the panels while also maximizing the voltage output.  

Wiring Diagram For Option 2:  

Figure 3: Wiring Diagram for option 2  
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Cost Break Down and Materials:  

Table 3: Option 2 Cost Break Down and Materials  

Quantity  Item  Price Per Unit 

6  
T-Slotted Framing, Single Four 

Slot Rail, Silver, 1-1/2" SQ., 
Hollow, 4" Long 

$5.65 

11  
T-Slotted Framing, Single Four 

Slot Rail, Silver, 1-1/2" SQ., 
Hollow, 2" Long 

$ 4.41 

22  
Silver Corner Bracket, 1.5" 

Long for 1.5" High Rail  
T-Slotted Framing 

$8.80 

2  

25 ft. 12/2 Gray Solid  
CerroMax Copper UF-B Cable 

with Ground Wire  
Total Price  

$59.4  
$394.81 

 

Decision Matrix:  

Table 4: Decision Matrix  

 

Conclusion and Recommendation:  

In conclusion, we believe that option one is the superior choice, even though it comes at a higher 
cost of approximately $556.35. The simplified wiring design, with panels connected only in 
series, makes the solar array significantly more user-friendly and easier to troubleshoot during 
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competition, saving valuable time and effort. Additionally, the newer solar panels in option one 
offer better performance and efficiency compared to the outdated panels in option two. Option 
one also reduces surface area coverage while maintaining the same wattage output, minimizing 
interference for the driver entering and exiting the boat. This improvement enhances both 
convenience and safety, making option one a more reliable solution. Furthermore, investing in 
modern technology aligns with long-term sustainability goals and provides a competitive edge. 
While option two could work for this application, we strongly recommend option one as the most 
practical, efficient, and forward-thinking choice.  

Appendix:  

[1]- Link to solar panels for option 1  

https://a1solarstore.com/panasonic-360w-solar-panel-120-cell-evervolt-evpv360pk.html?utm_so 
urce=google&utm_medium=cpc&utm_campaign=Only_Clients_creativespack1_new20241016 
&utm_content=top_keywords&utm_term=&gad_source=1&gclid=Cj0KCQiAu8W6BhC-ARIsA 
CEQoDAhEZBRKiDyL6G2QzL-1mQKhH4MT5tp_0UiDZ2yhSM6lAKk5lIzxjEaAoz_EALw_ 
wcB 
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Appendix H: Monitored Motor and Charge Controller Parameters  
 

Power 
Element 

Controller 
Module 

Data 
Acquisition 

Element 
Value Description 

Motor Motor 
Controller 

Raspberry 
Pi 1 

System Status General status word providing system 
status information. 

Field Weakening 
Control Status Status of the field weakening control 

Analog 1 Value Value of the first analog input. 

Digital In Status Status of any digital inputs (on/off or fault 
conditions). 

nref Motor speed reference value 
Vmax Peak allowable voltage 
Imax Peak allowable current 
VDC Inverter bus DC voltage 
IDC Inverter bus current 

Tmotor Motor Temperature 
Tinverter Inverter temperature 
Idirectaxis Direct axis (d-axis) current component 

θV Voltage waveform angle 
n Motor rotational speed 

IRMS Root mean square of motor current 
𝒯real Torque applied to motor 
𝒯apparent Torque delivered by motor 

Solar Array 
and Batteries 

Charge 
Controller 

Raspberry 
Pi 2 

VPV Solar voltage 
IPV Solar current 

Battery Status 
Battery charging status (bulk, absorption, 

float) 
Vbat Battery voltage 
Ibat Battery current 

Tcontroller Charge controller temperature 
Tbat Battery temperature 
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Appendix I: Funding Sources 
Table X: UDSS sources of funding for the 2024-2025 school year 

Funding Source Amount 

UD SGA Funding $1,540.00 

SICHOP Grant $5,000.00 

Kokosing Funding $500.00 

UD Fund Match $6,250.00 

2023-2024 Funds $243.57 
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