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Executive Summary  

The objective of this year’s University of Rochester Solar Splash (URSS) team was to increase 

our scores in every race, place in the top three overall, and once again be competitive with the 

top veteran teams. This competitive spirit has driven a group of multidisciplinary students at the 

University of Rochester to become enthusiastic about the application of their studies and solar 

power as an alternative source of energy. Rochester Solar Splash team members committed 

thousands of hours and dollars to their seventh iteration of a competitive Solar Splash boat. 

       

Out of consideration for the sprint portion of the competition, URSS aimed to increase the 

efficiency and power output of the drive system. To this end, a modular outboard drive system 

was built with a 1.78:1 pulley ratio to spin the propeller at a maximum of 5,500 rpm. In 

consideration of weight, a three bar linkage-linear actuator system was implemented to control 

the outboard angle; a system significantly lighter than the previous gear motor controlled Levi 

drive. 

       

A new hull for the 2017 competition was designed and optimized using a practical flume based 

model. Focusing on ease of construction and minimizing training requirements, the decision was 

made to construct the hull from lightweight cedar strips; a major departure from the fiberglass 

hulls used in the 2010-2016 competitions. Construction of the new hull provided immediate 

engagement for new members of the club.  

       

In addition to the hull and the drive train system, nearly all electronics components were 

redesigned. Additions include a new solar charger, RPM sensors, and current sensors to monitor 

motor power consumption. A new battery management system was integrated into a fully custom 

in-house designed PCB, dubbed the System Control Board (SCB), which will monitor voltage 

levels, battery temperatures, and current output of the battery pack. The SCB utilizes a 

programmable microcontroller to interface with the GPS, RPM sensor, motor temperature 

sensor, steering wheel encoder, throttle position sensor, and drive motor speed controller to allow 

for peak efficiency operation during endurance and maximum power output during sprint. A 

custom built H-Bridge controls and powers the steering, and the SCB can read the position of the 

steering actuator for precise control and error correction. The SCB is also connected to a 

Raspberry Pi and a 7-inch LCD panel display, which utilizes a custom made application to 

display all telemetry gathered by the SCB.  

       

The process of upgrading our Solar Splash boat system has improved the engineering skills of all 

students involved in the 2016-2017 University of Rochester Solar Splash Team. We hope to 

improve our performance this year and believe our improved engineering will allow us to be 

very successful in the competition.  
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Overall Project Objectives 
 

 The University of Rochester’s goal this year was to design all systems of the boat in 

house, and build them to performance specification. Using experience gained from up to three 

years of competition, Rochester’s team aims to win the Solar Splash competition with the 2017 

entry. The new boat is comprised of a cedar strip hull with stringers precision cut by CNC, 

improved ship to shore telemetry and communication systems, and updated drive and steering 

systems. In designing these components, the team analyzed the previous year's performance to 

design a fully encompassing system that performs efficiently at plane, while maintaining a low 

drag profile at low speeds. The hydroplaning effect expected for the trimaran hull used in the 

2015 and 2016 competitions was limited, and issues of speed due to drag and an inefficient drive 

system prevented the design from achieving its full potential. Due to the thin nature of the new 

hull, an actuator based three-bar linkage steering system was implemented in place of the heavy 

linear actuator and electronic drive-by-wire system previously used. Significant improvements to 

telemetry and communication systems were made to ensure constant on-shore monitoring of 

position and battery status during the endurance portions. Weight and power consumption for the 

steering system and drive motor were greatly reduced, while overall efficiency was significantly 

increased.  

Analysis of Integral Systems 

I.  Solar System 
 

A. Current Design 

Previously, the solar system consisted of two SBM Solar 250W solar panels connected in 

parallel to a Genasun GVB-8-WP waterproof solar charger. This solar controller is rated for 

350W of input power, with a voltage boost so that any panel voltage 43V down to 9V will be 

converted to the necessary nominal 36V to charge a 36V battery system. While this design put 

the solar panels in parallel, decreasing the overall panel voltage below the 52V competition spec, 

it did not have the required maximum power tolerance to be adequately used with our panel 

specifications. During the competition, the fuse in-line with the solar controller on the battery 

side blew several times, and the solar controller had to be exchanged with a controller from 

previous years to continue racing in the competition. Before this had occurred, it was known that 

a second solar controller would solve this issue, such that each panel would have a controller. 

However, a second controller could not be afforded at the time. The specification sheet for the 

SBM solar panels can be found in Appendix K. 

 

B. Analysis of Design Concepts 

For the new design, a second Genasun GVB-8-WP controller was purchased so that each 

panel had its own solar controller (specification sheet can be found in Appendix L). There are 

several benefits of this configuration over the previous year’s singular controller used for both 

panels. First, the power requirement for both panels combined is met. With a maximum 

competition power limit of 470W, the 700W combined power capability of both solar controllers 

is more than ample, and leaves a healthy headroom so that neither controller is overworked or 
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brought too close to its maximum operating specifications. Secondly, this configuration causes a 

boost in solar charging efficiency. These controllers use the MPPT algorithm, which identifies 

the ideal voltage and amperage draw from the panels to maximize power production. To do this 

the controllers constantly modify the input panel voltage and observe the current to calculate 

power, selecting the voltage which produces the maximum power. The MPPT algorithm can 

compensate for panel dynamics such as partial sun exposure and temperature of the panel. 

However, these dynamics are best compensated if the MPPT algorithm has only one panel to 

monitor, as each panel may have different dynamics and require a different voltage to be selected 

to maximize power. If a single controller is connected to two panels it will at best, select a 

compromise voltage which is non-ideal for either panel and at worst be confused and select a 

very non-ideal voltage for both panels. Having two solar controllers ensures that the ideal power-

maximizing voltage is selected for each panel, increasing overall power production during 

competition. 

 

C. Design Testing and Evaluation 

Evaluation will be conducted by dual current sensors and output voltage monitors placed 

on the output terminals of each solar controller. These parameters will be monitored by the SCB 

discussed in the Electrical System Design section. The voltages and currents will be digitized 

and sent via UART to both a Raspberry Pi for display on an on-board screen and through a 

433MHz radio which will transmit the data to an on-shore computer for monitoring by the team 

on land. With this setup, the power production of each panel can be monitored and assessed in 

real-time.  

This will be very useful during competition, as the weather dependent average power 

output for the panels can be calculated during the race, and the team can plan on an ideal power 

consumption required for best performance during the endurance portion.   

II. Electrical System 
 

A. Current Design 

 For the previous boat, control and telemetry systems were 

contained in a dashboard unit designed and constructed as a self-

standing unit. An Arduino Mega was used to control the steering of 

the boat, being connected to a potentiometer which reads the angle 

of the rudder and an encoder which reads the position of the steering 

wheel. The Arduino was utilized to obtain tilt data and optimize the 

angle of the propeller through adjustment of a linear actuator. The 

dashboard featured a Raspberry Pi connected to a 7” TFT display, 

and was connected to a GPS module to obtain the current speed and 

heading of the boat. The dashboard contained switches for the main 

power, boat horn, bilge pump, and telemetry systems. It also housed 

the speedometer, battery gauge, meters to measure the current 

voltage output of the main batteries, and a dead man’s switch.   

  Figure 1: Central console wiring 

top view 
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B. Analysis of Design Concepts  

The electronic systems, including the power system, solar charging system, and general 

electronics, have been previously operated in isolation to each other. While this is appropriate for 

general operation, it does make it difficult to control the boat in more complex configurations or 

to record data and analyze overall performance. Last year, progress was made in developing such 

a system by integrating a Raspberry Pi into a dashboard and controlling steering via an Arduino 

Mega and RC motor controller. While a great start, there were many improvements left to be 

made to further develop a centralized control system and include more telemetry systems for 

monitoring the boat’s performance.  

This year, an advanced centralized control design was implemented in the form of a 

system control board. The board relays throttle commands, steering control, audible feedback of 

critical system states, along with many sensor inputs for monitoring various aspects of the 

system state such as temperatures, voltages, electrical currents, and RPM. The main circuit 

schematic that encompasses all of the electronic subsystems is shown in Appendix X. 

 The goal of this system control board is to consolidate the control and monitoring of the 

boat through a single node, which can then communicate with a Raspberry Pi and other systems 

in the front console of the boat by the pilot. This approach reduces complexity, as there can be a 

single system in the rear of the boat for control and monitoring of boat operations, such as motor 

control, steering, and charging, while a separate system in the console can be used for user input 

and display of or analysis of data (by the pilot or computationally). These systems can then be 

linked through a single communication channel, giving the pilot full control of boat operations 

while reducing wiring and overall complexity. There is an additional benefit of better isolation of 

the power systems from the pilot. All high voltage and high current systems are strictly kept to 

the rear of the boat, and all control is performed by low voltage communication protocols.  

 The system control board consists of a 6x7 inch PCB mounted inside the battery box. It 

was designed in EagleCAD and is a standard two layer FR4 board with 1oz copper tracing. The 

focus in designing the board was versatility in operational capability, reliability, and absolute 

certainty that the main power system cannot turn on without the system control board being 

powered and operational. There are no high demands from the system control board itself, as it 

only sources control signals or receives low voltage sensor inputs. Thus, no large traces, special 

power isolation, or high cost power electronics are needed for the board, reducing cost and 

design complexity.  

 The microcontroller selected was the 

ATMEGA2560, a 100-pin 8-bit 

microcontroller made by Microchip and 

used in the popular Arduino Mega. The 

ATMEGA was selected for its high I/O 

count and good capability, as well simple 

programing without the more complex 

structures of 32-bit ARM microcontrollers. 

The ATMEGA also has many online 

resources, both in official documentation 

and in online forums, so debugging and 

programming guidance is plentiful.  
Figure 2: Central and side consoles of 2017 entry 
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 To meet versatility, many input and output capabilities are included on the board. First, 

an RJ-45 port is mounted on the board and an Ethernet cable is used to connect the system 

control board to the Raspberry Pi in the front. This cable runs a UART port to receive command 

data from the Pi, encoder phases for reading steering wheel input, a master system enabled 12V 

signal connected in series through a deadman switch and a dash panel switch dash, and a 

common ground, and two extra wires for future capabilities. The UART port runs telemetry data 

from the system control board such as temperatures, battery voltages, and current draw to the Pi 

for display to the pilot on a screen. It also carries throttle commands and other system 

configuration data from the Pi to the system control board. The encoder phases are read by the 

SCB, where an angle deflection is calculated from the integrated encoder pulses and mapped into 

a required position for the linear actuator controlling the outboard motor drive deflection. 

Finally, the 12V master enable line controls the power-up of the system control board. Without 

setting this line to 12V the system control board will not power on, and by extension the main 

power system will not be able to power on. The deadman switch, which controls the power of the 

system control board, thus still guarantees shutdown of the entire power electronics system. 

Further details of how the 12V master enable line ensures system shutdown can be seen in 

Appendix I.   

 The system control board has two throttle outputs, a raw PWM signal and a low-pass 

filtered PWM which becomes a 0-5V analog voltage signal. Our current motor controllers take a 

0-5V signal, however the raw PWM was included for potential future hardware changes.  

 A steering control output utilizes a PWM signal to connect to an RC motor controller of 

the linear actuator. This will provide both direction and speed control of the actuator movement. 

For positional feedback, another port accepts the signal from a potentiometer built into the 

actuator. The board can read the analog signal from the potentiometer and then calculate current 

position of the actuator and thus deflection of the drive motor.  

 For sensory inputs, there are many voltage inputs, each for a different voltage range in 

multiples of 12V. There are two 48V inputs for monitoring panel voltages, then five each of 

36V, 24V, and 12V inputs. The large number of inputs arises from uncertainty at the time of 

design, with the number of batteries being unknown, it was contemplated using many small lead 

acids arranged in series parallel configuration. Thus, by including a range of voltage inputs, any 

potential configuration would be accommodated. Additionally, there are three Hall Effect current 

sensor inputs, designed for sensors made by Amploc, for 5V power, ground, and an analog 

voltage current level output. Connected to these will be one 300A current sensor on the main 

motor controller power feed wire, and two 50A current sensors each on a solar panel output wire. 

Having both voltage and current sensing will enable total power draw monitoring and total 

power input monitoring per panel.  

 Additionally, there are 8 temperature inputs, several for different battery banks inside the 

battery box, one for the motor, and one for the motor controller. The temperature sensors are 1% 

NTC thermistors clad in a copper casing that is easily mounted to various surfaces. These sensors 

will allow for general overview of how hard the system is working and will provide a warning if 

any component begins to go over its rated temperature specification.  

 An additional 4 strain gage inputs are included on the board. These can be connected to 

strain gages placed around the hull of the boat, recording forces applied to the hull.  These are 

being used for analysis of potential hull design changes for future builds.  
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Figure 3: URSS' custom system control board (SCB), render 

 Finally, there are seven GPIO outputs for miscellaneous uses. No design is foolproof and 

there is always one last oversight or required feature that was not accommodated for, so the 

GPIOs act to fill in any gaps left in the overall system design and to provide some additional 

features if desired or required. The design view of the board can be seen in Figure 3, and 

schematics and further explanations of operation can be found in Appendix G. 

The most important drawback of a centralized control board is that it interfaces with the 

high voltage and high current systems, putting it at risk of being destroyed by either human error 

or system faults. As the system functionality depends extremely heavily on the control board 

working, the possibility of destruction presents a great concern. While there are protection 

measures on the voltage inputs and the entire board has fuse protection, more precautions could 

be taken. An EagleCAD render of the boards’ traces is additionally shown in Appendix H. 

 

C. Design Testing and Evaluation 

 The PCB was spun by the board house EasyEDA and the components were hand 

soldered. 150 SMD components were solder reflowed using an electric hot-plate method, which 

consists of applying solder paste to all required pads, placing the components and then placing 

the board onto a hot plate and bringing it to the required temperature for the solder to reflow. An 

additional 80 through-hole components were soldered by hand. No major soldering mistakes 

were made during assembly aside from some minor solder bridges across the microcontroller 

pins, which were easily removed. 

 Initial testing showed that the analog to digital converter circuit had a design flaw which 

caused a large amount of current to be drawn. This caused a power regulator to go outside 

maximum specifications and induced a large ripple on the 5V power rail of the board. 

Unsoldering the regulator removed the excess current draw and the ripple on the power rails. The 

usage of the ADCs was also removed, and with it usage of voltage, temperature, and current 

inputs. Despite the issues with the ADCs, the microcontroller was still functional and 

programmable. Key functionality required to operate the boat was still functional, namely 

steering control and throttle control. 
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III. Power Electronics System 
 

A. Current Design 

In the past year, the motor powering the drive system was a 50-pound AC-9 which used a 

bulky DC-AC motor controller and, while having massive peak power output, required large 

minimum power input to get even 50% efficiency. The old design also involved a heavy stainless 

steel motor mount and long drive shaft for an inboard system with adjustable propeller angle, 

which was mechanically complex and difficult to build. This involved creating a watertight seal 

around a universal joint and properly sealing a hole through the back of the hull. We also added 

an industrial strength linear actuator to raise and lower the propeller along with the weight of the 

whole steering system. 

The old system was over 90 pounds, including the 20-pound motor mount, the 50-pound 

motor, a heavier motor controller, stainless steel drive shaft, 12-pound actuator, and aluminum 

hardware to protect the drive shaft and support the steering system.  

 

B. Analysis of Design Concepts 

Instead of the 50-pound AC-9, the new drive system implemented runs on a Lynch 

brushed DC motor, which sacrifices peak power output in exchange for a far smaller and lighter 

package. The Lynch LEM 170-95 has a peak power output of around 20 horsepower, which is 

30% less than the AC-9, but it is over 80% efficient at almost any power input level and weighs 

only 19 pounds. While the Lynch motor has less raw output power than the AC-9, due to its 

lighter weight and greater efficiency it will perform much better in the endurance and slalom 

portions of the competition. In addition, while the AC-9 had a large power output, the current 

demand was tremendous and the battery systems could only for a short time provide the 

necessary current for the motor to actually perform at peak power. Thus overall, the Lynch motor 

is a much better match for this year’s new lightweight hull and the team’s competition goals. The 

specification sheet of the Lynch LEM 170-95 is shown in Appendix E. The motor is controlled 

by an Alltrax AXE motor controller originally built for EZ-GO golf carts. This motor controller 

was used due to its simplicity of programming and ease of application.  The specification sheet 

for the Alltrax AXE controller is shown in Appendix W. 

An outboard boat motor was purchased and converted to an electrical system, the gas 

engine removed and the motor assembly installed on top. The motor assembly was coupled to the 

outboard shaft with a belt drive, replacing the previous year’s large, complex inboard system. 

These changes eliminate the heavy motor mount and large linear actuator for changing 

the vertical angle of the propeller, while allowing the propeller to pivot for optimal steering 

efficiency. The previous design involved pivoting a shroud over the propeller to vector the thrust, 

requiring less torque but ultimately being less efficient. The new system weighs under 60 pounds 

including the outboard, motor, controller, and mounting hardware.  

In addition, a new set of batteries were purchased for this year’s competition. The 

EnerSys G13EP was chosen for its smaller size and respectable capacity of 13Ah. In previous 

years the team has typically chosen a 42Ah EnerSys battery, putting three in series for the main 

battery bank. While this works, using only three batteries means each is physically larger and 

heavier, making adding and removing the batteries from the boat more difficult. In addition, 
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putting only three batteries in series means the internal resistance is higher and more energy is 

lost during high current draw.  

With the smaller G13EP batteries a total of nine batteries are used. In order to get a 

similar capacity as the past, the batteries are configured such that there are three battery banks 

placed in series, with three batteries in parallel in each series. With three 13Ah in parallel a total 

of 39Ah capacity is obtained. Once these three banks in are connected in series, 36V for the 

motor control is obtained. Several benefits are realized by using this configuration of nine 

smaller batteries. First, each battery is much smaller and the batteries can be grouped in three 

inside of their own boxes with and built-in handle for easy placement into the boat. Secondly, by 

putting batteries in series, the internal impedance of each battery bank is reduced and more 

current draw is allowed. The overall result is that the battery bank is physically smaller while 

weighing the same, and provides the same capacitance, but is able to provide more current than 

in past years  

 

C. Design Testing and Evaluation 

Current testing has been done using a Mars ME0708 in place of the Lynch motor, since 

the Lynch has not yet been received from the UK. The ME0708 has about half the power of the 

Lynch at a peak power of 8 horsepower, weighing 35 pounds and being 82% efficient at peak. 

The Lynch motor has a rated peak power of 16kW or around 20 horsepower, weighs 19 pounds, 

and has 88% peak efficiency.   

Preliminary testing of the battery bank has shown that it has a much higher capacity than 

we have had previously and is able to provide more than enough current for the motor system to 

operate at peak performance. With the past AC-9 motor, peak current draw was upwards of 600 

amps. Even the most powerful of starting batteries have trouble providing such a current for any 

amount of time. With the new Lynch motor and motor controller the absolute peak amperage 

draw is 300 amps, and paired with the lower internal impedance of the new battery bank, 

providing this current will pose no issue.  Energy loss due to impedance will be low, as will 

battery temperature rise. The MSDS of the batteries are in Appendix A and the Sprint system 

electrical loss calculations are in Appendix J. 

 

 
Figure 4: Aerial view of 2017 entry testing on-the-water 
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IV. Hull Design and Construction  
 

Hull Design 

A. Current Design 

The University of Rochester Solar Splash team redesigned the shape of the hull for the 

2015 competition year, marking the team's fourth attempt at designing and building a custom 

hull. The previous hull was inefficient in both the sprint and endurance portions of the 

competition, presenting the team with a significant opportunity for improvement. Inspired by the 

pickle-fork racing catamarans of the 1970’s, the team aimed to design this hybrid hull with the 

high-speed elements of a lift-inducing airfoil and the low-speed efficiency of a displacement hull 

with a large surface area. This concept was achieved by creating core specifications which were 

continuously developed through prototyping and flume analysis. This hull design was 

innovative, and garnered the Outstanding Hull Design Award, however it was never able to 

attain the needed speed. This was partially caused by extensive drag forces at low speeds, 

limiting the hulls effectiveness at competition. 

B. Analysis of Design Concepts 

Using experience from previous years, the Rochester team developed multiple iterations 

of a canoe-skiff hybrid at a length of 14 feet. During the evaluation stage of the design process, 

the team developed a testing protocol to experimentally isolate the drag coefficients of each 

model and mitigate the effects of drag. Consequently, before any construction of the boat itself, 

the team 3D printed several small-scale models (1:10) of the hull and created a testing apparatus 

to measure the drag force on each design. The testing instrument consisted of a gear motor 

rotating an instrumented beam which held the model at a specific radius. The bending beam data 

was then used to create a matrix of relative drag coefficients vs boat design parameters. The data 

found was implemented to optimize the hull design, with the wake generated by the design 

minimized to its utmost extent. Schematics of the hull design are shown in Appendix M with the 

boat model experimental testing apparatus shown in Appendix P. 

 

 
Figure 5: URSS’ 2017 entry after completion of cedar strip, fiberglass, inner-deck, center console, and lid  
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C. Design Testing and Evaluation 

 The hull design was tested in water multiple times to experimentally isolate the waterline, 

confirming it displaced the correct amount. Upon testing completion, each component of the 

drive, steering, and electronic systems were placed optimally in the boat to yield a 10-degree 

center of mass angle towards the bow. Along placing components for stability, this angle aids in 

efficient planing. The boat was installed with four strain gages; on the bow, stern, keel, and the 

starboard bulkhead. The data was collected in real time to calculate the effects of various 

performance testing, including the dynamics for the endurance, sprint, and slalom portions. The 

strain is calibrated to the material substrate to isolate the peak stresses found in each part of the 

boat during each specific event (material properties isolated in uniaxial tension testing on 

MTS). All instrumented locations in the boat were found to have a safety factor of at least 2.4; 

therefore, it can be assumed that further strengthening of the hull is not necessary to prevent 

failure during normal loading experienced at competition. After testing the hull extensively 

under power, the hull was found to be unstable with the Solar Panels cantilevered off the edges. 

Therefore, to solve this issue, outriggers were designed and built to maintain stability and 

provide a superstructure for the solar panels to be effectively mounted to. 

 

Hull Construction 

A. Current Processes 

The pickle-fork hull, used in the 2015 and 2016 competitions, was constructed with 

fiberglass using a negative polystyrene mold. The mold was cut with a CNC router by a 

company in Sunnyvale, Ca, using the original design file created in Solidworks. To preserve the 

mold and lay initial layers of fiberglass, the mold was covered with Styropoxy, a hardening 

polymer. After sanding the Styropoxy layer, carnauba release wax was applied to the complete 

surface to allow separation of the initial layers from the mold. Several layers of fiberglass were 

applied to this surface with epoxy, ensuring even layering with drying and sanding before 

additional application. The fiberglass hull was removed from the mold using multi-axial pressure 

and airbags. Upon removal, additional layers of fiberglass were applied to the interior of the hull, 

using fiberglass weaves of higher density for locations with higher applied loads. Hull flexibility 

was stabilized with stringers of fiberglassed Corecell foam, using a 12-oz 45-degree weave. The 

hull was constructed with a layer of 9-oz 45-degree weave, three layers of 6-oz 45-degree weave, 

and a layer of 4.5-oz weave. The composite also consisted of a 12-oz 45-degree weave with 8-oz 

matt for all angled and corner sections to lend excellent rigidity in form. 

B. Analysis of Process Concepts 

 The previous hull was constructed using a Styrofoam mold and several layers of 

fiberglass. This construction process was very time consuming, with each layer requiring a 

drying, sanding, and cleaning cycle before addition of the subsequent layer. Internal layers of 

fiberglass were also carefully layered to conform to the interior of the hull and provide support 

for central internal components. Although a necessary process, this quickly increases the weight 

of the assembly. To this end, it was decided to implement a cedar strip hull, which is easily built 

by layering strips on a wooden buck using the classical stitching glue method.  
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C. Process Testing and Evaluation 

The hull for the 2017 competition is constructed from cedar strips, which reduced the 

weight from 75 pounds in the previous design to 25 pounds, a 67% decrease. The hull is based 

on a 3D model designed to reduce drag and meet certain specifications.  

Using a CNC router in the 

University of Rochester machine shop, 

a frame of stringers for the hull was cut 

based on this 3D model. The DXF’s 

used to cut the infrastructure of the hull 

are shown in Appendix N. The cuts 

were made from cross sections of the 

3D model, and were spaced one foot 

apart on a leveled strongback table so 

that the hull could be assembled 

upside-down. Cedar strips were 

layered, fitted around, and stapled to 

each stringer, and subsequently 

attached together with wood glue. 

Once cedar planks formed the entirety 

of the hull, the staples holding the 

strips to the frame were removed, and 

non-essential stringers were removed. 

Staple holes were filled, and the cedar 

hull was sanded until smooth. Once the 

exterior was sanded, 8-oz 45-degree 

fiberglass weave was applied to strengthen and waterproof the hull. For extra support, an interior 

deck was installed. Before placing the deck, supports were glued down for extra stabilization. 

Foam was placed between the supports to provide buoyancy. The outriggers were manufactured 

from cardboard tubing coated in 12 oz. weave fiberglass with an interlocking structure cut on the 

CNC. 

The cedar strip hull has performed well during testing in development. Since the hull is 

significantly lighter than the previous fiberglass hull, it is more easily displaced. Development on 

interior components of the hull was significantly faster than with a fiberglass hull, cedar and 

plywood being very easy materials to work with. This hull design was also cost-effective, with 

very little material going to waste and an exact amount of cedar strip and wood glue purchased. 

All concealed portions of the boat were filled with flotation foam to ensure sufficient buoyancy 

would be provided by the hull.  Further photos of the hull construction are shown in Appendix N, 

and the flotation foam MSDS is shown in Appendix Y. 

 

  

Figure 6: Cedar strip glue and staple application mid-process, note that 

the birch plywood stringers are permanent, while particle board 

stringers are temporary 
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V. Drive Train and Steering 
 

Drive Train Design 

A. Current Design 

 Using a different motor, the previous drive train system used a timing belt for a 1:1 ratio 

from the motor shaft to the propeller. This was an inboard motor system which required a shaft 

with a universal coupling to extend through the back of the hull. An AC-9 induction motor was 

used, which weighed 70 pounds including the motor mount, and had a peak power output of over 

27 horsepower. Despite its high peak power, at low power outputs it was very inefficient 

(<60%), which proved problematic for all portions but the sprint event.  

B. Analysis of Design Concepts 

 The drive train system has been completely redesigned, using an outboard motor rather 

than the inboard motor system of previous years. The motor system is much smaller and lighter, 

and can be swapped between two different motor configurations: with a Mars ME0708 or a 

Lynch LEM 170-95 motor. The Mars motor weighs 28 pounds, with a peak power output of 

about 12 horsepower, while the Lynch is only 19 pounds and peaks at 21 horsepower. Both 

motors easily achieve over 80% efficiency even at low speeds, and can peak at 83% and 88% 

respectively. As shown in Figure 7, the outboard system utilized a prebuilt donor lower unit from 

a 1965 9.5hp Johnson-Evinrude. Schematics of the donor outboard mechanics are shown in 

Appendix V. 

 The belt drive system connecting the outboard drive shaft to the motor output shaft now 

includes an idler and a new ratio closer to 2:1 (1.78:1), increasing the RPM of the propeller. The 

drivetrain concept analysis is shown in Appendix Q. The outboard uses a smaller diameter 

propeller than used previously, limited by the ⅜” spline drive, but has a higher pitch. The 

addition of the idler increases the tension in the timing belt and 

assists in the reduction of undesirable vibrations in the system. 

The new gear ratio allows the system to increase use of the 

torque supplied by the motor for higher speed operation, which 

is necessary for the relatively small propeller to achieve high 

speeds.  

Main considerations for designing the drive train system 

were maximizing efficiency with a new propeller, using 

efficient and lightweight motors, and the capability to change 

configurations for each event. Two propellers are available for 

use, one for sprint and slalom events (a three blade, 8 ¼” 

diameter, 8 ½” pitch propeller) and another for the endurance 

event (a two blade 8 ¼” diameter, 7 ¼” pitch propeller), thus 

allowing varying speeds while maintaining near-peak efficiency 

RPM for the motor. The purchased components for the drive 

system are documented in Appendix R with the machined 

components documented in Appendix S. 

 

Figure 7: Modified 1965 Johnson-

Evinrude 5.5 hp with 1.78:1 belt drive 

system 
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C. Design Testing and Evaluation 

Lynch Motors operates in the UK, so to compensate for time lost in waiting for the 

shipment, the system was also designed to use the Mars motor. To date, all testing has been done 

using the Mars motor, but the Lynch will be swapped in and tested separately upon arrival.  

The initial design of the pulley mounting in the gearbox included spacing, which would 

provide optimal tension in the timing belt during a dry stationary water test. This did not account 

for the weight of the boat, which placed extra torque on the system. The first iteration of the new 

system consisted of only the timing belt and two pulleys, and during preliminary testing 

tensioning of the timing belt was inadequate, resulting in slippage at higher RPM. To resolve this 

issue and increase the stability, an idler was added to the drive train, greatly reducing unwanted 

vibrations and increasing the maximum rotational speed of the propeller. With this addition, the 

system can now accommodate non-slip rotation at full throttle.  

 

Steering Design 

A. Current Design 

 In 2016, the steering system was composed of a shroud which rotated about the propeller 

to change the direction of thrust. This system utilized a drive-by-wire control mechanism which 

incorporated a heavy actuator and universal joint to allow the steering assembly to be held 3 feet 

off the back of the boat. This system allowed movement of the vertical angle with the water and 

the horizontal angle of thrust without the use of a rudder. This system weighed about 40 pounds, 

and involved an electric geared motor shielded from water by a 3D printed cover and water-tight 

sealant. The steering motor consumed at peak about 500 Watts, or 40 Amps at 12 volts, but 

averaged about 200 Watts when in motion.  

B. Analysis of Design Concepts 

 The new steering system uses the range of motion naturally provided by the outboard 

motor, removing the need for additional components which 

would increase weight on the transom. In place of a power 

consuming steering motor is a small positional feedback 

actuator with a maximum load easily capable of rotating 

the outboard, the actuator weighing only 3.1 pounds; the 

specification sheet for the actuator can be found in 

Appendix F. It has a maximum current rating of 5 Amps at 

12 Volts, the maximum power consumption thus less than 

12% of the steering motor, and with a constant operation 

current under 50 Watts. The actuator shaft is attached to a 

hinged lever arm (sourced from a parallel arm door closer) 

which provides a larger range of motion. Thus, it can rotate 

the outboard motor in an arc despite the limited linear 

motion of the actuator shaft. Very little additional hardware 

was necessary to attach the actuator to the boat and the 

hinge arm. Due to built-in tolerance within the hinge, 

angular misalignment is accounted for between the Figure 8: Actuator- hinge arm steering system 
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outboard trim and the rear of the boat (plane where distal end of hinge arm is attached). The 

hinge arm has enough range to allow for operation with the outboard at a range of vertical 

angles, removing the need for an additional ball and socket joint. The outboard steering system 

attached to the boat is shown in Figure 8. 

C. Design Testing and Evaluation 

 After extensive testing, the system remains reliable and efficient. Despite a 25% duty 

cycle rating the actuator had no problem with normal use as expected for the slalom event, as it 

does not operate at full power while turning, only while changing the angle of the outboard 

(going into or out of a curve). Air flow during movement of the boat is sufficient to keep it cool, 

but an auxiliary fan may be added to ensure it remains cool during extended use periods, such as 

the endurance race.   

 

VI. Data Acquisition and Communication 

A. Current Design 

The previous design contained several subsystems which collected data from the boat and 

motor.  Within a front console, a Raspberry Pi was used to collect and log data from a GPS 

module, accelerometer, and gyroscope, which collected position, acceleration, and orientation 

data. Collected data was displayed on an LCD screen, the observation of telemetry allowing the 

skipper to monitor systems.  

 To monitor the power statistics for the high-voltage systems in the boat, a current meter 

was integrated into the boat. By directing the high-voltage circuit through the current meter 

shunt, the amperage drawn by the boat’s motor was measured. Additionally, the Curtis motor 

controller used by the HV system collected statistics for power input and consumption that could 

be accessed using a data pad connected to the motor controller. This design contained no method 

for communicating logged data directly to the shore, instead relying on radio communication 

with the skipper.  

B. Analysis of Design Concepts 

The primary issue of the previous design was the difficulty in relaying information from 

the ship to the on shore team during the endurance race. The data collection systems were 

disjointed and difficult to use, making the skipper observe system conditions, relay them to the 

shore, and drive the boat at the same time.  

The independent dashboard console used in the previous system was a useful design 

element, but time constraints resulted in inefficient and disorganized wiring configuration and 

component placement. For the new design, the front console and dashboard were integrated into 

the hull of the boat, the organization of the low voltage components was carefully planned to be 

well organized and easily accessed and maintained. 

 

C. Design Testing and Evaluation 

To resolve issues experienced with the previous system, the team designed an efficient 

ship-to-shore system. The central aspect of the system is a pair of radio emitter / receiver units 
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designed for RC airplanes. Each unit is capable of two-way communication, and the unit on the 

shore can be connected to a computer via a USB cable. Using this system, the microcontroller on 

the boat can send packets containing all telemetry data to a computer on the shore, which plots 

and records the data in a Java application. This system allows the team on shore to continuously 

monitor the boat without distracting the skipper from driving. 

Additionally, the previous design lacked the ability to measure other data about the 

system, such as the RPM of the motor or the temperature of different pieces of the system. Such 

sensors were integrated into the design of our main system board, which has several inputs for 

sensors. Several temperature, current, and Hall Effect sensors were purchased, all of which can 

be plugged into the main system board for data collection, which is then sent to shore over the 

ship-to-shore system. 

In the front dashboard, a Raspberry Pi is 

used to display the marine navigation software. 

The Pi uses the GPS input to plot the boat’s 

position and heading on a marine map displayed 

using the open-source mapping software 

OpenCPN. Cached copies of marine maps 

available from the NOAA government website 

were downloaded, providing access of detailed 

maps of any likely location the boat will be 

driven, removing need of an available internet 

connection. Existing software was used for 

telemetry in the boat, focusing instead on software development for the on-shore communication 

and telemetry analysis. The GPS module specification sheet is shown in Appendix U and the 

radio transmitter used for the ship to shore communications is shown in Appendix T. 

Project Management 

A. Team Organization and Leadership 

 The University of Rochester team is comprised solely of undergraduate students, with 

students from all years and a variety of disciplines, including mechanical, biomedical, electrical 

and computer engineering, computer science, chemistry, and statistics. An executive board 

comprised of previous members guides the team in all aspects of the project. Two team meetings 

a week and weekly executive board meetings provide regular communication, scheduling, and 

design planning.  

 The team’s co-Presidents are Edward Ruppel ‘17 and Christopher Dalke ‘19. The co-

presidents’ roles include recruitment, oversight on all major projects, and designating tasks. Matt 

Dombroski ‘17 is the Vice President and is responsible for maintaining the team relations with 

the University of Rochester Electrical and Mechanical Engineering Departments, Student 

Association, and other engineering clubs. Seth Schaffer ‘19 is the Chief Electrical Engineer and 

is responsible for leading projects for configuring electrical systems on the boat. Benjamin 

Martell ‘19 is the Chief Mechanical Engineer and is responsible for overseeing all engineering 

projects involving motor, steering, and drive systems. As the co-Business Managers, John Krapf 

‘18 and Nitish Sardana ‘17 are responsible for managing all transactions incurred by the club and 

Figure 9: Screenshot of the OpenCPN Framework during 

testing at Irondequoit Bay 
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securing funding from sponsors. Madeline Herman ‘17 is the Secretary and Communications 

Chair, and is responsible for coordinating schedules and campus outreach. Joshua Lomeo ‘18 is 

the Chief Technical Writer and is responsible for assisting and managing writing for all 

components of the technical report. Devin Marino ‘18 is the Fundraising Chair and is responsible 

for outreach to local Rochester companies for sponsorship and for managing the USEED 

crowdfunding campaign.  

B. Project Planning 

 Three meetings were conducted weekly during both semesters; one focusing on 

component design and analysis, another for construction, and the last for team logistics and 

management. In addition to the team meetings, the senior members of the club had weekly 

meetings with the team's faculty advisor to provide progress updates.  

C. Funding and Finances 

 The Hajim School at the University of Rochester funded a majority of the fixed costs of 

the project, with an annual budget of $3,900. The University of Rochester Student Association 

provided a budget of $2,100 with the addition of $4,700 attained through USEED crowdfunding 

efforts. Approximately $2,000 was spent on new componentry to advance the capabilities of the 

mechanical and electrical systems, including a new motor which has been sourced from Lynch 

UK for a total of $1,200. Miscellaneous expenses, tools, and safety equipment cost 

approximately $700. Our expected expenses for the competition will approach $3,000, 

accounting for travel costs, food, and lodging. The allotted funds from the UR Student 

Association will be covering a large portion of our traveling expenses. 
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D. Team Sustainability 

 University of Rochester Solar Splash is an undergraduate club sponsored by the Student 

Association and the Hajim School of Engineering. For the 2016-2017 school year, University of 

Rochester Solar Splash sought to greatly increase membership, bringing together veteran 

members to instruct new members in CAD, mechanical and electrical design, and programming. 

The club was successful in recruiting new members from a variety of disciplines, which allowed 

for immediate involvement and integration into roles of their interest.   

 The first meetings of each semester were focused on attracting and integrating new 

members towards the goals of the club, and subsequent meetings engaged members in assigned 

design and construction tasks. With the implementation of a new hull, new members were 

immediately engaged in design testing in the first semester and hull construction in the second 

semester. 

 During team build and design meetings, team members gained knowledge and experience 

working with components outside of their disciplines. Interdisciplinary communication and 

design strengthened organization of the club towards completing the project for June, as well as 

preparing team members for maintenance work during competition.  

 With the experienced perspective of the team’s co-President, Edward Ruppel ‘17, this 

team has performed analysis on its previous strengths and weaknesses to design optimum 

electrical and mechanical systems. The core leaders of this team, which also includes Vice 

President Matt Dombroski ’17, have been aggressive in reaching out to previous student 

members and faculty for guidance in order to complete the project within a tight self-prescribed 

timeline. 

 During the fall of the 2016-2017 school year, a crowdfunding program was run using the 

USEED platform, raising funds to provide financial stability and monetary sources for material 

and supply purchases. The money from last year’s crowdfunding secured purchases of 

componentry for this year's entry. 

 Significant changes were made to the team’s shop to maximize workspace, promote 

cleanliness, and ensure that all available resources were utilized. In addition, we have created a 

school-certified machining program with instruction from our technical advisor Jim Alkins. 

Members gained significant shop experience by machining all metal components of the boat. 

 Specific links to the University of Rochester Solar Splash teams’ web presence are shown 

in Appendix Z. 

E. Self-evaluation 

 With a plethora of experience and knowledge gained from previous years, the team has 

developed a proven model for project management to effectively complete the boat and its 

requirements for the Solar Splash competition. This now seasoned but young team is well 

positioned for future development and contribution to Solar Splash.   
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Conclusions and Recommendations 
 

A. Hull 

From our experience in the previous two competitions, the short and wide trimaran hull 

was found to be an ineffective design. Despite stability and sufficient room for components, the 

increased drag gained from width was detrimental. Additionally, hull speed was never reached. 

For our new hull, we have designed a more conventional craft that is a hybrid of a canoe body 

and a skiff backend, providing similar stability and a more streamlined design compared to the 

previous hull. For construction materials, we decided to build our hull out of cedar strip and 

plywood, moving away from the fiberglass and foam technique used previously. Using the 

stitch-and-glue method of wooden boat construction provided a significant benefit to our team, 

with less training required for proficiency of the technique as compared to fiberglass layering. 

Building a wooden hull allows members of the club who are not significantly experienced in 

construction techniques or working with fiberglass to make a significant contribution. Although 

a full fiberglass hull can be strong and lightweight, it takes extensive practice and tooling to 

create a boat hull that meets the performance specifications. With cedar strip, the end product is 

extremely lightweight, visually attractive, and requires no specific training for construction. 

 In summary, we are confident that our new hull will perform better in the water than in 

previous years. We have constructed a lightweight, streamlined hull that has a finished 

appearance while not requiring excessive work from the team to develop. We plan to continue 

using wooden construction techniques in the future after our positive experiences this year. 

 

B. Drive Train and Motors 

Based on our previous experience and research, we believe that using an outboard motor 

will be the best option in the future for several reasons. An outboard motor is inherently simpler 

to use than an inboard design, and can be transferred between boats seamlessly for testing and 

revision. By using an outboard motor, there are many existing techniques available for the 

development of motor systems, providing many avenues for considerations in redesign. We have 

created a lightweight, modular system that can be easily modified, allowing easy development by 

future members for implementation in new hulls.  

 

C. Electrical Systems 

One of the disadvantages of our previous electronic control system was the independent 

design of different system components. With less attention paid to the overall system design, 

several inefficiencies were apparent during communications between telemetry systems.  

This year, we approached the design process from a top-down method, designing the 

systems to be both modular and working within a larger system that obeyed weight, power, and 

complexity constraints. Additionally, we have chosen to move away from an AC motor system 

towards a DC motor system. Although AC systems are theoretically more efficient, the increased 

efficiencies compared to a DC system are only tangible at higher amperages than will be 

encountered under normal operating conditions. By switching to DC, we also simplify our power 

electronics system, since a bulky AC motor controller is no longer needed to drive our motor. In 

summary, we believe the new system will be lightweight, flexible, and robust, and sets our team 

up for success in the future by keeping the electrical components simple. 
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Appendix B. Flotation Calculation 
Description Sprint (lbs.) Endurance (lbs.) 

Batteries 99 99 

Motor 20 20 

Hull 35 35 

Motor Controller 2 2 

Solar Arrays 0 25 

Cables 20 20 

Steering  15 15 

Passenger 150 150 

Miscellaneous (Chair, Safety, etc) 30 30 

Outboard Unit & Propeller 40 40 

TOTAL (x1.2) 411 (493.2) 436 (523.2) 

 

The displacement due to the wall thickness of our cedarstrip, plywood, and fiberglass 

composite will account for part of the flotation. The buoyant force,𝐹𝐵, is calculated as follows, 

the outriggers are factored into this calculation as well as the full sheet of flotation foam used: 

 

𝐹𝐵 = 𝐴𝑏𝑜𝑎𝑡𝑡𝜌𝑤𝑎𝑡𝑒𝑟 + 2𝜋𝑟𝑜𝑢𝑡𝑟𝑖𝑔𝑔𝑒𝑟
2𝐿𝑜𝑢𝑡𝑟𝑖𝑔𝑔𝑒𝑟𝜌𝑤𝑎𝑡𝑒𝑟 + 𝐴𝑓𝑜𝑎𝑚𝑡𝑓𝑜𝑎𝑚𝜌𝑤𝑎𝑡𝑒𝑟 

 

𝐹𝐵 = 22 𝑓𝑡2 ×
0.15 𝑖𝑛

12 𝑖𝑛/𝑓𝑡
× 62.2

𝑙𝑏

𝑓𝑡3 + 2𝜋 × 5 𝑖𝑛2 × 55 𝑖𝑛 × 62.2
𝑙𝑏

𝑓𝑡3 ×  
1 𝑓𝑡3

1728 𝑖𝑛3 + 8 𝑓𝑡 × 4 𝑓𝑡 ×

2 𝑖𝑛 × 62.2
𝑙𝑏

𝑓𝑡3 = 𝟕𝟎𝟏. 𝟏𝟐𝟓 𝒍𝒃  

 

𝐵𝑜𝑢𝑦𝑎𝑛𝑐𝑦 𝑆𝑢𝑟𝑝𝑙𝑢𝑠 = 701.125 − 532.2 = 𝟏𝟔𝟖. 𝟗 𝒍𝒃  
 

Therefore, the buoyancy force provided by the hull design is sufficient to sustain the 

weight of the boat and its componentry if it were to fill with water. 
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Appendix C. Proof of Insurance 
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Appendix D. Team Roster 
 

Edward Ruppel ‘17 is pursuing a Biomedical Engineering degree. He is the co-President and is 

responsible for establishing a timeline, designating tasks to other members, overseeing the 

project, organizing all aspects of the clubs’ processes, and communicating with faculty. He is 

also responsible for all aspects of the mechanical drive systems, the hull design, modernization 

of the UR Solar Splash shops, and competition logistics. 

 

Christopher Dalke ‘19 is pursuing a Computer Science degree. He is the co-President and is 

responsible for designing and constructing the dashboard-telemetry system, as well as overseeing 

the construction of the low-voltage electronics systems for the boat. He has done extensive work 

in developing Rochester’s custom telemetry and throttle control system. 

 

Matthew Dombroski ‘17 is pursuing a degree in Electrical and Computer Engineering. He is the 

Vice President and is responsible for maintaining the equipment and work environment. He is 

also responsible for all electrical systems of the boat; including the solar system, power 

electronics system, and telemetry system. 

 

Seth Schaffer ‘19 is pursuing a Mechanical Engineering degree. He is the Chief Electrical 

Systems Engineer, and is responsible for designing the electronic systems of the drive motor and 

drive-by-wire steering, plus the low power console systems and sensors.  

 

Benjamin Martell ‘19 is pursuing a Mechanical Engineering degree. He is the Chief Mechanical 

Engineer, and is responsible for designing, testing, and machining parts for the boat.  

 

Joshua Lomeo ‘18 is pursuing a degree in Chemistry. He is the Chief Technical Writer and is 

responsible for the report in all aspects.  

 

Madeline Hermann ‘17 is pursuing a degree in Statistics. She is the Secretary and 

Communications Chair and is responsible for organizing campus outreach. She is also 

responsible for assisting in the construction of the boat, leading fiberglass application, and 

machining parts.   

 

John Krapf ‘18 is pursuing a Biomedical Engineering degree. He is the co-Business Manager 

and is responsible for managing the budget, purchases, and searching for sponsorships.  

 

Nitish Sardana ‘17 is pursuing a Biomedical Engineering degree. He is the co-Business 

Manager and is responsible for managing the budget, purchases, and searching for sponsorships.  

 

Devin Marino ‘18 is pursuing a Mechanical Engineering degree. He is responsible for 

fundraising for the team, including management of the successful USEED campaign.  

 

Andrew Gutierrez ‘19 is pursuing a Mechanical Engineering degree. He is responsible for the 

steering system and assisting in hull construction. 
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Ryan Green ‘20 is pursuing a Mechanical Engineering degree. He is responsible for helping the 

team on various sub-projects and controlling the team’s web presence as the social chair.  

 

Maxwell Kearns ‘20 is pursuing a Chemical Engineering degree. He is responsible for helping 

the team on various sub-projects.  

 

Martin Barocas ‘19 is pursuing a Mechanical Engineering degree. He works with the team on 

various sub-projects and performs a multitude of tasks. 
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Appendix E. Specifications of Lynch Motor Company’s LEM-170                       
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Appendix F. Specifications and Load Capacity of Steering System Actuator  
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Appendix G.  Schematic Diagrams of System Control Board 
 

 
Figure 10: Power system relay enable circuit 

 
Figure 11: Power Supply Schematic. A 12V input is regulated and conditioned to the required system voltage of 5V. 
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Figure 12: RJ-45 Raspberry Pi pinout schematic 

 
Figure 13: Temperature sensing circuitry schematic 
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Figure 14: Voltage sensing circuitry schematic 

 

 
Figure 15: Current sensing circuitry schematic 
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Figure 16: RPM sensing circuit 

 

 
Figure 17: ADC connection schematic 
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Figure 18: Microcontroller schematic 
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Appendix H.  EagleCAD Render of the System Control Board PCB  

 
Figure 19: PCB layout render of the final design 
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Appendix I. 12V Master Enable Line 
 

As seen in Figure 10 the main power relay for the power electronics system is enabled by 

the system control board via a sending a logic HIGH signal to a MOSFET to drive current 

through the solenoid. Without the microcontroller and the system control board overall being 

powered, the main power relay has no way to remain closed. Referencing Figure 11 the system 

control board is enabled by the 12_MASTER_ENABLE line, which is a 12V signal that comes 

over the Ethernet cable which goes to the front of the boat. Without 12V applied to the 

12V_MASTER_ENABLE line the relay on the system control board cannot be closed and thus 

power is shut off, and by extension shutting off and deactivating power to the main power 

electronics relay. By putting the deadman switch in series with the 12V_MASTER_ENABLE 

line it is ensured that the deadman switch will always completely shut down the power 

electronics system during any emergency.  
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Appendix J.  Sprint Electrical Losses and Power Consumption 

The sprint motor configuration has a peak of 15 HP, which is equivalent to 11.2 kW: 

 

15 𝐻𝑝 ×
745 𝑊

1 𝐻𝑃
= 11175 𝑊 

 

At a peak voltage of 36 V 

𝑃 = 𝐼𝑉 = 11175 = (36)(𝐼) → 𝐼 = 310.4 𝐴 

 
The current will therefore be on the order of 280-340 A flowing from the batteries depending on 

the internal impedances.  

 
However at these great currents, come significant power losses in the electrical system. 1/0 

Gage Copper wire has an impedance of 0.09827 Ω per 1000 ft. Approximately 15 feet of 1/0 

wire was used to wire the power electronics systems of the boat. The voltage drop across the 

wire is approximately 0.29 V and the power loss is about 6% of our original. 

 

𝑅 = 15𝑓𝑡 ×
. 09827Ω

1000𝑓𝑡
= 1.47 × 10−3Ω 

𝑃 = 𝐼2𝑅 =  310.42(1.47 × 10−3) = 141.6 W 

% 𝑃𝑜𝑤𝑒𝑟 𝐿𝑜𝑠𝑠 = 100 ×
141 𝑊

11175 𝑊
≈ 1.3 % 

 

This power loss of course only occurs at peak power consumption during the sprint competition, 

and only for a short period of time. During the endurance component of the race the current 

consumption is much lower and thus energy loss due to resistive heating is much lower.  
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Appendix K.  Solar Panel Specifications 
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Appendix L. Specifications of Genasun GVB-8-WP  
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Appendix M. Hull Design Schematics
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Appendix N.  Hull Construction Photos 
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Appendix O.  Hull Infrastructure CNC DXF’s 
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Appendix P.  Boat Model Testing Apparatus 

 
Figure 20: Boat Model testing apparatus using gear motor from 2016 Levi drive with blue dye agent 
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Appendix Q.  Drivetrain Concept Analysis 
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Appendix R.  Drivetrain Purchased Components

 
Figure 21: Synchronous timing belt used in assembly 
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Figure 22: Large timing belt pulley used in assembly 
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Figure 23: Small timing belt pulley used in assembly 
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Appendix S.  Drivetrain Manufactured Components

 
Figure 24: Top plate of outboard assembly 
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Figure 25: Propshaft coupler for drivetrain 
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Figure 26: Vertical supports for outboard assembly 
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Figure 27: Center vertical support for outboard 
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Figure 28: Bottom plate for outboard assembly 
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Figure 29: Coupler shaft for DC8 motor 



University Of Rochester Solar Splash 

 

 

 

 

91 

 

 

 
Figure 30: Lynch coupler for lynch motor 
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Figure 31: Central motor coupler 
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Appendix T.  Specifications of Radio Transmitter 
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Appendix U.  Specifications of GPS Module 

 
Figure 32: GPS module used in telemetry calculations 
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Appendix V.  Donor Outboard Schematics 

 
Figure 33: Donor outboard schematics from Johnson Evinrude 
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Appendix W. Specifications of Alltrax Motor Controller
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Appendix X.  Main Circuit Schematic 
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Appendix Y. Flotation Foam MSDS
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Appendix Z. Web-links for URSS promotional material 
 

USEED Page: https://rochester.useed.net/give/609 

 

Youtube:  

Maiden Voyage: https://www.youtube.com/watch?v=4sQXrLurOZo 

Project Highlights: 

  Lawn Mower: https://www.youtube.com/watch?v=Bp61vZFk7kg&t=1s 

  USEED Video: https://www.youtube.com/watch?v=eglNn1_4Xf4 

  Boat Model Testing: https://www.youtube.com/watch?v=P-VwbPe0tUE 

 

Facebook: https://www.facebook.com/URSolarSplash/ 

 

Website: http://sa.rochester.edu/solarsplash/ 

 

 


