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Abstract

Solar Splash is an international collegiate boating competition where students design a
solar powered boat to race in various events while promoting interest in science and technology.
The strategy of the 2022 USI Solar Splash team is to analyze the results from the 2021
competition and apply that knowledge to design and build an improved boat that will serve as a
baseline on which future teams can continuously improve. The senior design team will help
support the USI Solar Splash team’s efforts by analyzing project management and team
management from a process optimization standpoint, delivering an improved hull design, and
addressing an oversteering issue. A strategic design approach will be taken, keeping competition
considerations and the idea of continuous improvement in mind. The culmination of this project
is to equip the 2022 Solar Splash team with detailed designs, materials, and implementation
guidelines so that the systems can be constructed during the team’s build phase in the spring
2022 semester.
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1 Introduction
Solar Splash is an international competition where high competence high school and
college aged students can design a solar powered boat to race in different events while promoting
interest in science and technology. The competition serves as a learning opportunity about how
solar energy can be used for transportation purposes and allows students to get hands-on
experience with the importance of efficiency and good design, sustainable energy, and energy
management. Solar Splash provides a hands-on approach to hydrodynamics, mechanics, and
other subjects involved in building a solar powered boat. At the Solar Splash competition,
students have the opportunity to socialize with students from other countries and regions, which
provides a unique opportunity to learn how students from different cultures approach
environmental sustainability.
The solar powered boat is comprised of three main systems: the hull, the mechanical
system, and the electrical system. These three main systems are then broken down into
subsystems. The subsystems of the mechanical system are the solar panel frames, the steering
system, and the drivetrain. The subsystems of the electrical system are the solar system, the
batteries, the motor system, the interconnect, and the bilge system. The block diagram shown in
Figure 1 identifies some of the major components of the mechanical system and shows how they
may be arranged on a boat. The block diagram shown in Figure 2 identifies the major
components of the electrical system. The bilge system is excluded from Figure 2 because it is a
stand-alone system.
Hull
Drivetrain

Solar Panel
Frames

Steering
Column

Driver's
Seat

Steering
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Figure 1: Mechanical System Block Diagram
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Figure 2: Electrical System Block Diagram

The University of Southern Indiana, USI, has previously competed in Solar Splash
competitions in 2015, 2016, 2018, and 2021. The team has also received several awards over
their four years participating such as Outstanding Rookie Team, Outstanding Solar System
Design, 2nd Technical Report, Sportsmanship Award, and Perseverance Award. Figure 3 shows
an image of the 2021 USI Solar Splash boat at competition. The design of this boat will be used
as the baseline on which to make improvements for the 2022 competition.

Figure 3: 2021 USI Solar Splash Boat

At the 2021 Solar Splash competition, USI encountered several obstacles, often earning
“Did Not Finish” scores, leading to them placing last overall. USI did, however, earn the
Perseverance Award for continuing to compete despite these obstacles. An analysis of USI’s
2021 competition results indicated that the hull was too massive, the motor was not powerful
enough to maintain a competitive speed, and the electrical system was not capable of supplying
the necessary energy for the endurance race. Discussions with the competition team also revealed
that there was an oversteering issue and the drive train had alignment and rigidity flaws. A
deeper analysis of the team as whole revealed project and team management shortcomings, such
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as a lack of scheduling and organization, that ultimately led to the issues seen in competition.
Based on this analysis, the USI team opted for a complete redesign of not only the boat, but also
the project and team management style for the 2022 competition.
The USI Solar Splash team learned a lot of valuable lessons from their undesirable
outcome at the 2021 competition. The senior design team took these lessons into consideration
when choosing design projects, resulting in the team focusing on overall team and project
management, the design of the hull, and the steering system design. All designs must follow the
guidelines set in the Solar Splash rulebook [1] and be approved by the competition team. Due to
the fact that these designs are only subsystems of a complete boat, functioning prototypes cannot
be procured and tested until the boat has been completed. The culmination of this project is to
equip the 2022 Solar Splash team with detailed designs, materials, and implementation
guidelines so that the systems can be constructed during the team’s build phase in the spring
2022 semester.
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2 Competition Background
2.1 Course Description
According to the Solar Splash rulebook [1], there are three races for the 2022
competition. The first race is the slalom race where all boats shall be considered “electric” and
may remove the solar energy conversion devices from the boat. This event is timed, with the
primary goal of completing the course as quickly as possible while demonstrating the boat’s
maneuverability. The second race is the endurance race where all boats shall be powered by
direct and stored solar energy. The goal of the endurance race is to use stored solar power and
new solar power to endure four hours of boating, broken up into two separate two-hour races.
The last race is the sprint race where the rules and goals are the same as the slalom race, except
three sprint heats will take place. The course for the slalom, endurance qualifier, and sprint
qualifier are shown in Figure 4, respectively.

Figure 4: Slalom, Endurance, and Sprint Qualifier Configurations
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2.2 Strategy
The strategy of the 2022 USI Solar Splash team is to analyze the results from the 2021
competition and apply that knowledge to design and build an improved boat that will serve as a
baseline on which future competitive teams will continuously improve. Once the team
establishes a solid baseline, a more efficient approach can be taken to make improvements
between competitions. This will also prove to be a more cost-efficient approach.
The team’s main goal for this year is to build a competitive hull that can be reused for
multiple competitions and to design more durable and dependable mechanical and electrical
systems. The 2022 competition boat will act as a starting point for continuous improvement.
With a strong baseline, rather than doing a complete redesign each year, the team can begin to
focus on specific elements of the design that were not optimal in competition. This will provide
for a more streamlined approach for future competition teams, leading to an overall more costeffective design process and a more competitive team.
Accomplishing these goals will require collaboration between the 2022 competitive team,
the Fall 2021 senior design team, and the Spring 2022 senior design team. The Fall 2021 senior
design team is focusing on project and team management, the hull design, and the steering
system design. The Spring 2022 senior design team is redesigning the drivetrain, the motor trim,
and the solar panel frames. The 2022 competitive team is supporting the senior design teams and
focusing on the remaining subsystem designs.

2.3 Competition Rules
All designs completed must abide by the Solar Splash competition rules. Each year, the
competition organizers release a rule book that provides students with design and safety
requirements. At competition, the boat then undergoes in depth technical inspections make sure
each rule is met. The senior design team thoroughly analyze the rulebook [1] and the pertinent
rules were compiled in Table 1.

5

Table 1: Relevant Competition Rules

No.
7.2.1
7.2.2
7.2.3
7.2.4
7.3
7.6
7.10.3

7.12

7.13.1
7.13.2
7.13.3

7.14.2

7.14.3

7.14.4

Rule
Length- The overall length of the craft may not exceed 6 meters (19 ft, 8 in). This does not
include the boat number sign.
Width – The maximum allowable width, including the solar array, is 2.4 meters (7 ft, 10.5
in).
Height - The maximum allowable height above the waterline is 1.5 meters (4 ft, 11 in). This
height can never be exceeded during the events. This does not include the boat number sign.
Depth – No restriction. An excessive depth may make the craft awkward to handle near shore
and may increase the likelihood of encountering underwater obstacles.
Materials – Teams are encouraged to be creative in the selection of materials. The only
restrictions are 1) flexible materials are not allowed to create a sail, 2) any materials that
would pollute the water are not allowed.
Stability – The stability of the craft will be tested by placing 10 kg at the sheer line (outer
edge at the beam) with the skipper stationary in the normal operating position. Craft must not
heel more than 15°. Skipper must remain centered with hands/feet in normal position.
Battery Safety – Batteries must be enclosed in one or more battery boxes or a portion of the
hull to separate them from the skipper. Battery containment shall not be sealed and must allow
for ventilation. Battery containment must protect the skipper from battery explosion and
leakage, and may be plastic, fiberglass, or similar materials that will not chemically react
rapidly to battery acid. All electrical cables must be properly sized to expected system
currents.
Skipper Cockpit Egress – The skipper’s cockpit must provide for the skipper’s unassisted
exit within 5 seconds in case of emergency. The five (5) second exit, as well as the function of
the dead-man’s switch, will be checked during Technical Inspections.
Steering System – All fasteners associated with the craft’s steering system must be equipped
with locking nuts, double nuts, or nuts secured with safety wire or cotter pins. Loctite ® may be
used in areas of difficult accessibility.
Batteries – Batteries must be secured to the hull. This must be done with a strap not less than
1¼” in width, or other hold-down device, that will not allow the battery to come loose if the
boat capsizes. Velcro is not acceptable.
Solar Panels – Each panel, with or without a frame, must be attached with a mechanical
fastening to the hull. The design should take into account the possibility of gusty winds during
the events. In addition, a lanyard must be attached from each solar panel to a secure member
of the hull or a frame that attaches to the hull. The lanyard must be strong enough that it will
not break if the panel should go into the water while the boat is moving.
Buoyancy of Craft – Sufficient flotation must be provided on board so that the craft cannot
sink, even when filled with water. A 20% safety factor must be included in the calculations.
Verification calculations must be included in the Technical Report. Failure to do so will result
in a 5-point penalty. Revised calculations must be presented at Inspection if
significant changes have been made since submission of the Technical Report.
Towing – A fitting for emergency towing must be attached at the bow. Its hole diameter must
be at least 14 mm (0.56 in). All boats must carry a minimum of 5 meters of towing line, which
will be provided at Registration. The towing line must be attached to the fitting and must be
made easily accessible for emergency towing.
Covers and Shields – The craft’s revolving parts must be suitably covered to prevent
accidental contact. All steering linkage must be shielded from contact with the skipper. If a
flywheel is used, an NHRA approved scatter shield must cover it.
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3 Project Management and Team Management
3.1 Continuous Improvement and Competition Considerations
One of the major goals of the senior design team was to help the USI Solar Splash team
create a foundation on which future competitive teams can continuously improve. This concept
was applied to not only the mechanical designs completed by the senior design team, but also to
project and team management. The senior design team applied the concept of continuous
improvement to project and team management by tackling standardization for future competitive
teams, schedule management, communication management, budget management, and final
assembly and testing. This task required thorough analysis of the 2021 competition team.

3.2 Standardization for Future Competitive Teams
One of the major obstacles that the 2021 competition team faced was that the team
consisted entirely of students who were new to Solar Splash. Having a completely inexperienced
team made the process of designing and building the boat more difficult. The team had access to
previous senior design reports for Solar Splash, however, most of the reports lacked
documentation of the design and building processes. The team also started out with a few major
components that had been passed down from previous competition teams, such as a motor, a
hull, a right-angle gear box, solar panels, and a steering system. The previous teams had failed to
properly document the specifications for these components, which made it difficult for the 2021
competition team to make informed design choices. Despite all of these obstacles, the team
managed to successfully produce a boat and race it at competition. The 2022 competition team
now has experienced members, most of which are seniors. In order to ensure the team’s
longevity once the experienced members graduate, one of the major goals of the 2022 USI Solar
Splash team is to standardize the process of producing a competition boat so that future
competitive teams can take a more efficient approach to designing their boats.
The senior design team helped the USI Solar Splash team accomplish their
standardization goal by creating a well-documented approach to the Solar Splash process. This
approach was summarized in a tabular work breakdown structure (WBS) shown in Figure 5. The
first level of the WBS, level 0, denotes that the main outcome of the project is a Solar Splash
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competition boat. Level 1 of the WBS breaks the project up into seven main phases: analysis,
preparation, design, build, testing, technical report and video, and competition. Level 2 of the
WBS breaks these phases up into specific activities.
Level Task Number
0
1
1
1.1
2
1.1 a
2
1.1 b
2
1.1 c
1
1.2
2
1.2 a
2
1.2 b
2
1.2 c
2
1.2 d
2
1.2 e
2
1.2 f
1
1.3
2
1.3 a
2
1.3 b
2
1.3 c
2
1.3 d
2
1.3 e
2
1.3 f
2
1.3 g
2
1.3 h
2
1.3 i
2
1.3 j
2
1.3 k
1
1.4
2
1.4 a
2
1.4 b
2
1.4 c
2
1.4 d
2
1.4 e
2
1.4 f
2
1.4 g
2
1.4 h
2
1.4 i
1
1.5
2
1.5 a
2
1.5 b
2
1.5 c
2
1.5 d
2
1.5 e
2
1.5 f
2
1.5 g
1
1.6
2
1.6 a
2
1.6 b
2
1.6 c
2
1.6 d
2
1.6 e
2
1.6 f
1
1.7
2
1.7 a
2
1.7 b
2
1.7 c
2
1.7 d

Description
Solar Splash competition boat
Analysis Phase
Analyze previous year's competition results
Review strengths and weaknesses of boat design
Review strengths and weaknesses of team/process
Preparation phase
Determine focus areas based off of analysis phase
Assign subsystem responsibilities
Appoint subsystem team leaders
Complete benchmarking reports
Adapt schedule to reflect current competition year
Take inventory of components and organize Solar Splash building
Design phase
Revise hull design as needed
Revise drive train design as needed
Revise steering system design as needed
Revise solar panel frame design as needed
Revise electrical design as needed
Ensure new designs will properly integrate with existing subsystems
Place orders for new components
Complete buoyancy calculations for overall new design
Ensure all designs comply with competition rules
Ensure that proper documentation of design phase has been uploaded to the shared drive
Write appropriate sections of technical report
Build phase
Alter hull where necessary
Build new mechanical designs
Integrate new mechanical components with existing subsystems
Wire new electrical components
Ensure proper interconnect techniques for electrical system
Ensure all subsystems comply with competition rules
Take pictures throughout the build phase for use in the report and video
Ensure that proper documentation of build phase has been uploaded to the shared drive
Write appropriate sections of technical report
Testing phase
3D print a scaled down version of the hull and perform fluid dynamic testing
Test electrical equipment and prepare charts documenting current and voltage outputs
Once build phase is complete, test boat on lake simulating the 3 competition configurations
Make design revisions and retest based on performance
Take pictures of testing for use in the report and video
Ensure that proper documentation of testing phase has been uploaded to the shared drive
Write appropriate sections of technical report
Technical report and video
Submit draft of technical report to Dr. Ely and Dr. Kuban
Make revisions to technical report where necessary
Submit approved final draft of technical report to Solar Splash page
Create Solar Splash video
Submit approved video to Solar Splash page
Upload final versions of technical report and video to the shared drive
Competition
Purchase any tools necessary to work on the boat at competition
Ensure all items going to competition are neatly organized
Ensure all competition team members are clear on their roles at competition
Take notes for improvement opportunities while at competition

Figure 5: Work Breakdown Structure
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The goal of the analysis phase is to analyze the results from the previous year’s
competition. During this phase, the team will discuss what they felt the strengths and weaknesses
of both the team and the boat design were. The analysis phase is crucial to achieving continuous
improvement.
The goal of the preparation phase is to identify the team’s main focus areas based off of
the analyses done in the previous phase. Once the main focus areas are chosen, subsystems can
be delegated to team members and subsystem team leaders will be appointed. In order to help
keep track of team member responsibilities and keep students accountable, a responsibility
matrix was created. The responsibility matrix was based off of the WBS and can be found in
Appendix A. Once responsibilities have been assigned, the team will complete benchmarking
reports. Benchmarking reports were created by the senior design team as a way for the
competition team to compare their designs to the top Solar Splash teams of the previous year.
Much like in industry, these reports will help the USI Solar Splash team to remain competitive in
their field. An instructional document was created for future subsystem team leaders on how to
complete the benchmarking activities. This document can be found in Appendix B. Finally, this
phase will facilitate the adaptation of the baseline schedule, discussed in Section 3.3, for the new
competition year.
During the design phase the subsystem teams will revise their designs based on the
feedback from the analysis phase. It is important that during this phase the subsystem teams keep
the existing systems in mind and design for integration. A hierarchy diagram was created by the
senior design team for the hull, the mechanical systems, and the electrical systems to help team
members visualize how the subsystems interact. These hierarchy diagrams can be found in
Appendix C. Other important activities in this phase include ensuring that the designs comply
with competition rules, ordering components, completing buoyancy calculations, and properly
documenting each design.
The team meetings during the design phase must follow a strict agenda to ensure that the
subsystems are designed for integration. The Solar Splash team meets for one hour on a weekly
basis to discuss the subsystem designs. The first twenty minutes of the meeting are structured for
progress reports from each member. The members are asked to prepare an update containing
what they worked on during the previous week, what still needs to be accomplished, and specific
9

dates and times that they plan on working on the design. These updates are meant to be as
detailed as possible for team transparency. These weekly progress updates allow newer members
to see the entire design process, not just the design process for their specific subsystem. It also
allows everyone on the team to give feedback on subsystem designs, which will help produce a
higher quality final product. The last forty minutes of the meeting are allotted for the subsystems
to break into groups and work on the designs. This meeting structure only works if everyone on
the team agrees to be prepared for the updates and understands that they have to work on their
designs outside of meetings as well. The design phase cannot be completed on schedule if the
team only works on the designs for an hour every week.
The build phase follows the design phase and facilitates the construction of the boat.
Generally, the team will make changes to the hull first, then build the mechanical systems, and
complete the electrical integration last. Once the boat is assembled, it is necessary to do
inspections of the boat, much like they will at competition, to ensure that the boat meets all of the
competition requirements. Any adjustments from the original design need to be properly
documented so that future teams have accurate documentation for the subsystems.
The most crucial phase of the process is testing. Every system of the boat needs to be
thoroughly tested to ensure success at competition. Any issues that arise during testing should be
promptly fixed and retested. In the past, testing has been a failure point of the USI Solar Splash
team, so an increased emphasis has been placed on this phase for the 2022 competition.
The Solar Splash competition requires a technical report and a video presentation to be
submitted. It is necessary that the team is writing the appropriate sections of the report during
each phase so that the report is carefully written and there is adequate time to review multiple
drafts prior to submission. The report needs to go through several drafts before the final draft is
submitted to the Solar Splash website. It is also necessary that the team gathers photos and
videos during the building and testing phases to add to the video presentation.
The final phase of the Solar Splash process is getting ready for the competition. As the
team goes through the previous phases, it is important to keep track of what tools are used and
make sure that those tools will be readily available at competition. These tools and any other
materials that are being taken to competition should be neatly organized for ease of use. Students
attending the competition should be assigned roles, such as skipper, radio manager, and safety
10

manager. It is imperative that the students thoroughly understand their roles before the
competition. Finally, in the interest of continuous improvement, students should take note of
improvement opportunities during the competition. These opportunities can be based on the boat
and team performance or off of other teams’ designs.
If carried out correctly, these activities should help future USI Solar Splash teams build
the boat in an efficient manner. All senior design deliverables have been provided to the Solar
Splash team so that future competition teams may utilize the new process. The process can be
easily adapted to fit the unique needs of each future competition team, allowing for continuous
improvement of the Solar Splash process itself. The key to making this process successful
though, is ensuring proper documentation along the way.

3.3 Schedule Management
Solar Splash teams typically complete a year long process to get their boat ready for the
following year’s competition. With this process having such a long duration, project
management skills are essential to success. The 2021 USI team struggled with staying on
schedule, due to a lack of management tools. This caused the team to skip the crucial testing
phase, resulting in their poor outcome at competition. Therefore, one of the main goals of the
2022 USI Solar Splash team is ensuring that the boat be finished with enough time to complete
the testing phase.
Meeting this goal will require rigorous scheduling of the activities listed in the WBS
shown previously in Figure 5. The senior design team will help the group reach their goal by
providing a project schedule in the form of a Gantt chart. The schedule, shown in Figure 6, is
driven by key competition and University dates and will serve as a template that can be adapted
for use for future competition teams. The major university dates considered were winter and
summer break. No work is scheduled to take place during these periods, because students will
often travel during this time. If the team agrees to work during these times, the schedule can be
altered to reflect that choice.
The schedule is broken into sections based off of the seven key phases in the WBS and
recommended durations are given for each activity. These recommended durations are based off
11

of the idea that future competitive teams will already have a solid baseline for subsystem designs
and only small improvements will need to be made, not complete subsystem redesigns. However,
if this is not the case, the team can adapt the schedule to fit their unique needs.
The analysis phase is scheduled to last one week. The preparation phase follows the
analysis phase and also has a duration of one week. These initial phases have shorter durations
because the activities being carried out can be done in the time span of one or two team
meetings. The design, build, and testing phases have longer durations because their activities
require more work. The design and build phases are scheduled to take place during the fall
semester, while the testing phase will take place primarily in the spring semester. The testing
phase has the longest duration because it will require redesigning and rebuilding of systems
based off of testing results. There are activities during the testing phase that should be carried out
during the fall semester in conjunction with the design and build phase, such as testing of the
electrical system and testing of the improved hull designs.
The scheduling for the technical report and video section as well as the competition
section are based off of competition dates. The Solar Splash coordinators set due dates for the
technical report and video and the competition is typically scheduled for the first or second week
of June. Future Solar Splash team managers should ensure that these specific due dates and
competition dates are added into the schedule as milestones.
In order to ensure the continuous improvement of the Solar Splash process, it is important
for future team management to document how long each phase takes and update the
recommended duration for each activity. Rigorous scheduling of the Solar Splash process,
provided by the Gantt chart, will increase the likelihood that the competitive team will finish the
boat on time. Finishing the boat in a timely manner will allow for more thorough testing of the
boat, ultimately leading to a better outcome at competition.
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Activities
Analysis Phase
Analyze previous year's competition results
Review strengths and weaknesses of boat
design
Review strengths and weaknesses of
team/process
Preparation phase
Determine focus areas based off of analysis
phase
Assign subsystem responsibilities
Appoint subsystem team leaders
Complete benchmarking reports
Adapt schedule to reflect current competition
year
Take inventory of components and organize
Solar Splash building
Design phase
Revise hull design as needed
Revise drive train design as needed
Revise steering system design as needed
Revise solar panel frame design as needed
Revise electrical design as needed
Ensure new designs will properly integrate with
existing subsystems
Place orders for new components
Complete buoyancy calculations for overall
new design
Ensure all designs comply with competition
rules
Ensure that proper documentation of design
phase has been uploaded to the shared drive
Write appropriate sections of technical report
Build phase
Alter hull where necessary
Build new mechanical designs
Integrate new mechanical components with
existing subsystems
Wire new electrical components
Ensure proper interconnect techniques for
electrical system
Ensure all subsystems comply with competition
rules
Take pictures throughout the build phase for
use in the report and video
Ensure that proper documentation of build
phase has been uploaded to the shared drive
Write appropriate sections of technical report
Testing phase
3D print a scaled down version of the hull and
perform fluid dynamic testing
Test electrical equipment and prepare charts
documenting current and voltage outputs
Once build phase is complete, test boat on lake
simulating the 3 competition configurations
Make design revisions and retest based on
performance
Take pictures of testing for use in the report
and video
Ensure that proper documentation of testing
phase has been uploaded to the shared drive
Write appropriate sections of technical report
Technical report and video
Submit draft of technical report to Dr. Ely and
Dr. Kuban
Make revisions to technical report where
necessary
Submit approved final draft of technical report
to Solar Splash page
Create Solar Splash video
Submit approved video to Solar Splash page
Upload final versions of technical report and
video to the shared drive
Competition
Purchase any tools necessary to work on the
boat at competition
Ensure all items going to competition are neatly
organized
Ensure all competition team members are clear
on their roles at competition
Take notes for improvement opportunities
while at competition

September
Duration August
(wks)
1 2 3 4 5 6
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October
November
December
January
February
March
April
May
June
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Figure 6: Schedule Template
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3.4 Communication and Team Management
The senior design team was challenged to set the competition team up for continuous
improvement, not only through the team’s process management, but also through the way the
team is managed. The approach taken by the senior design team to accomplish this task was
modeled after Dr. William Edwards Deming’s 14 key principles for management [2]. The goal of
Dr. Deming’s 14 points is to optimize the effectiveness of organizational management, and is
most often used in business settings, however, the points can be adapted to fit the need of the
Solar Splash team.
The first key point is to “create a constancy of purpose toward improvement of product
and service, with the aim to become competitive and to stay in business, and to provide jobs” [2].
This concept was applied to the management of the Solar Splash team by instilling the
importance of continuous improvement in the team members. In order to become competitive at
Solar Splash events, the team needs to work with the ideal of continuous improvement of the
boat in mind. This point will be the most important concept that the team adopts. Deming’s fifth
point relates closely to this concept, and states that management should “improve constantly and
forever the system of production and service” [2]. This concept will be applied to Solar Splash in
a similar manner as the first key point by ensuring that the team understands that the process of
building a competition boat can be improved upon each year. Once the team has the
understanding that both the boat and the process of building the boat can be continuously
improved, the team will perform in a more efficient manner and become more competitive
overall.
The next point applied to team management was Deming’s third point which concentrates
on the importance of ceasing dependence on inspection to achieve quality [2]. This point can be
adapted for use with the Solar Splash team by stressing the importance of designing for quality,
not relying solely on testing. If Solar Splash team members create well thought out and thorough
designs of their subsystems, the testing phase will be a lot more productive and efficient, because
less rework will be needed. This concept will save the team time and money, which is important
for the strict schedule and budget that the team has.
Dr. Deming’s sixth and seventh key principles focus on instituting on the job training and
leadership [2]. In order to achieve this, more experienced senior team members were paired with
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newer members so that the inexperienced students could learn the design process through the act
of designing. To ensure the longevity of the team, Deming’s ninth rule of breaking down barriers
between departments [2] was also applied. While newer members were assigned to specific
subsystems to learn in depth under the leadership of senior members, they also received a broad
overview of the boat so that they can take a more knowledgeable approach to designing other
subsystems in future competition years. Breaking down the barriers between subsystems
consisted of requesting transparency from all design teams. The teams were asked to give a
weekly update on their subsystems, stating what they had accomplished that week and what still
needed to be accomplished. This allowed newer members to hear what approaches were being
taken to design each subsystem. The new members can apply this knowledge to designs in future
competition years.
Applying Deming’s 14 points for management allowed the senior design team to create
the foundation for an efficient process to designing the boat. As previously stated, this
management approach can be continuously improved upon, and will need to be adjusted to fit
each competition team’s unique needs. This management approach was discussed with the team
and was well documented for use of future teams. A team management philosophy document
was prepared that summarizes Dr. Deming’s points and the rationale behind the team
management structure. The team management philosophy document can be found in Appendix
D.

3.5 Budget Management
Previously, the Solar Splash team did not have budget documentation; the team had no
place to keep track of what parts had been ordered, when they had been ordered, what they cost,
or where they were ordered from. As a university funded team, it is necessary for Solar Splash to
have a clearly documented budget. This lack of documentation also makes it difficult for current
team members to find specifications for components that were purchased by past Solar Splash
teams, such as the right-angle gear box and the steering cable. To solve this problem moving
forward, the senior design team created a simple budget tracking spreadsheet, shown in
Appendix E, for team members to fill out as items are purchased. The spreadsheet asks the team
member to fill in the cost of the item, the date that the item was purchased, and a link to the
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website that the item was purchased from. This spreadsheet will give future teams enough
information to find all of the specifications necessary on each component of the boat.

3.6 Final Assembly and Testing
Final assembly and testing of the boat will be a collaborative effort between the Fall 2021
senior design team, the Spring 2022 senior design team, and the Solar Splash competitive team.
The Fall 2021 senior design team will equip the 2022 Solar Splash team with detailed designs,
materials, and implementation guidelines so that the systems can be constructed during the
team’s build phase in the spring 2022 semester. The Spring 2022 senior design team is focusing
on the designing and building of the drivetrain, motor trim, and the solar panel frames. In order
for this collaboration to be successful, communication during the design phase and proper
documentation are a necessity. All senior design team members need to design their subsystems
with manufacturability in mind and have to communicate their design choices to the dedicated
competition team members. The competition team members need to ensure that they have a
complete understanding of the subsystem so that it will be built properly.
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4 Hull Design and Construction
4.1 Continuous Improvement and Competition Considerations
At the 2021 competition, the USI team realized their boat was too large to be competitive
with the more experienced teams. The width of the 2021 hull made the boat difficult to maneuver
through the water, and the overall weight of the hull reduced the team’s speed capability. Upon
doing research and speaking with some of the teams at competition, the USI team learned that
most teams build their own hull. This became the goal of the USI team for the 2022 competition.
Learning from the analysis of the 2021 team, the hull will be smaller, more lightweight, and will
be designed to be more hydrodynamic. The senior design team will support the USI Solar Splash
team’s effort to build a hull by using an iterative design process to create a more efficient profile
regarding the hull’s weight and hydrodynamics. The senior design team will also support the
Solar Splash team’s goal of continuous improvement by ensuring that the hull is designed with
modularity in mind so that the team can reuse the hull for years to come. The senior design team
will work closely with members of the Solar Splash hull design team to ensure that all designs
completed are representative of the Solar Splash team’s goal.
In order to create a design that would remain competitive with other groups, research was
done through benchmarking from other teams’ reports. Important information such as weight
considerations and motor selection to better optimize the chosen design was also gathered. The
design process required many iterations to produce a feasible hull that met the stated
requirements, and the outcome was two hull styles: a catamaran style hull and a modified
monohull. These designs were accommodating of design modifications and modularity to
accommodate the other sub-systems of the boat. Hull modularity will ensure that future Solar
Splash teams will have more fluidity in design changes if need be.
The desired outcome of the Solar Splash hull design group is to provide a finalized
design with CAD models. Providing a finalized design will require physical testing on said
models. The senior design team will provide all quantitative calculations to ensure proper
function of the hull, as well as the material selection and procurement of these materials. The
senior design team will also provide detailed instructions for the assembly of the hull. The
physical construction of the hull will be completed in the Spring 2022 semester.
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4.2 Hull Design 1: Catamaran
The first design consideration for the hull was modeled after a slimline version of a
catamaran. This style of hull generally consists of two rows of pontoons positioned on either side
of a cavity in which the boat is operated, and subsystems are contained. A CAD model was
drafted for the first iteration of the design. Following this, a scaled down model of the hull was
3-D printed as a more tangible proof of concept. This model was subjected to tests in small
bodies of water, as well as a hydraulic flume in the fluids laboratory in order to simply observe
floatation and to identify any glaring changes that might need to be made to the hydrodynamic
properties of the hull. After gaining confidence in this hull due to its acceptable buoyancy and
profile design, a prototype was constructed by adding a rudimentary RC motor and other
necessary electrical components to give the boat propulsion. The RC boat can be seen in Figure
7. These RC tests allowed the team to observe the motion of the hull through the water.

Figure 7: 3-D Printed Prototype with Remote Control Motor

The testing of the motorized prototype provided a higher quality examination of the
hull’s hydrodynamic properties as it propelled through water. The protype was first placed in a
mostly still water lake and given incremental acceleration to see if any turbulence or drag was
generated. While performing this test an observation was made that while the boat was
accelerating, the hull would tilt upwards, therefore causing the trim angle to be too high. To
combat this a trim tab was added to each pontoon of the hull, much like the designs of many boat
manufacturers in the industry. This greatly improved the trim angle to a more desirable degree.
Figure 8 shows the next iteration of the prototype with this addition of the trim tabs.
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Figure 8: Prototype with Trim Tabs

After the 3D printing of the new prototype, it was determined that this addition was
viable to repeat the same testing. The RC motor was outfitted to this new iteration and the boat
was tested again to observe its wake while in motion. The added trim tabs vastly improved the
performance from the first iteration. When examining the boat's motion through the water it was
noticed that the trim angle was successfully reduced. The boat also seemed to be more stable, as
it could manage sharper turns than the previous model. The final iteration of this design can be
seen in Figure 9.

Figure 9: Catamaran Hull Design

19

4.3 Hull Design 2: Monohull
The second hull design that was considered was a modified monohull design.
Some key design aspects that warranted the need for secondary design over the catamaran were
found when calculating the requisite factor of safety. This factor of safety calculation is required
according to the solar splash competition rules 7.14.2 [1] in order to ensure the floatability of the
craft is sufficient and that it will not sink when a load is added to it in the water. These sets of
calculations were used as a part of the determination on which design will be selected. A
conceptual weight budget, shown in Table 2, was constructed to determine the necessary load
capacity of the hull. Separate weight budgets were calculated for the sprint and endurance
configurations because the team will often remove the solar panels from the boat in order to
reduce weight during the sprint competition. The necessary load capacity of the hull was then
compared to the calculated load capacity of the catamaran and the monohull designs. Both hull
designs were subjected to a decision matrix, which allowed the best hull design option to be
chosen.
Table 2: Conceptual Weight Budget for 2022 Solar Splash Competition

Weight Budget (lbs.)
Components

2022 Sprint

2022 Endurance

Batteries

100

100

Solar Array

N/A

40

Motor

150

150

Dual Motor

20

20

Skipper

150

150

Miscellaneous

10

10

Total

430

470

120% Safety Factor

516

564

In order to calculate the buoyant force for each hull, the volume occupied for each of the
hulls was tabulated from the CAD models in cubic inches and the units were then converted into
cubic feet. The volume was then multiplied by the specific gravity of water. These equations
gave the buoyant force in pounds, provided by the hull when it is submerged.
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Hull Design 1: Catamaran (Equation 1.1)
𝐵𝐶𝑎𝑡𝑎𝑚𝑎𝑟𝑎𝑛 = 𝑉𝜌𝑤𝑎𝑡𝑒𝑟
= 15896𝑖𝑛 ∗

𝑓𝑡
1728𝑖𝑛

62.4

𝑙𝑏
𝑓𝑡

= 574 𝑙𝑏

Hull Design 2: Monohull (Equation 1.2)
𝐵𝑀𝑜𝑛𝑜ℎ𝑢𝑙𝑙 = 𝑉𝜌𝑤𝑎𝑡𝑒𝑟
= 18478𝑖𝑛 ∗

𝑓𝑡
1728𝑖𝑛

62.4

𝑙𝑏
𝑓𝑡

= 667.3 𝑙𝑏

Using these buoyancy calculations, it was noted that both hull designs met the required load
minimum from the 120% safety factor, with the catamaran meeting the values by a smaller
margin. It should also be noted that these weight values for components in the boat are very
conservative estimates to account for any possible design changes from other subsystems that
could occur later in the year.
The monohull design was subjected to an air flow simulation to predict its wake pattern and to
observe any areas of resistance. This simulation can be found in Appendix F, which resulted in
the desired symmetrical wake pattern as well as no spikes in air pressure over 5Pa, meaning that
the monohull design shows good hydrodynamic properties.

4.4 Hull Design Decision Matrix
In order to determine which design was most optimal for the Solar Splash competition, a
decision matrix, shown in Table 3, was constructed. The decision matrix considered the
categories of hull weight, buoyancy factor, maneuverability, and ease of use and operation for
both of the two hull designs.
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Table 3: Hull Selection Decision Matrix

Hull Selection
weighted score

Reuse Hull
Catamaran
Monohull

Hull Weight
4

Bouyancy Factor
5

Manuverability
3

Ease of Use & Operation

Total

-

-

-

-

Rejected

2

1

1

2

20

1

2

2

1
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2

The weight of the hull was considered because a lighter hull allows for a greater speed
capability. The catamaran had an overall weight of 47 lbs. while the monohull had an overall
weight of 51 lbs. pounds. The weights of both designs were within the acceptable weight goal.
The previously calculated buoyancy factors of each hull were then added into the decision
matrix. The final deciding factors considered were the maneuverability of the hull accompanied
by ease of operation. The monohull proved to be much more maneuverable in its design due to
the way it planes across the water, whereas the catamaran cuts through the water. This planing
capability will allow for much sharper turns through the course. This was due to the much larger
surface area of the boat that contacted the water in the monohull design. Overall, the monohull
design proved to be most optimal design choice for the Solar Splash team. Figure 10 shows the
design team's final draft of the hull to be built.

Figure 10: Monohull Boat Design

4.5 Design for Assembly
Once the monohull design was chosen and approved by the Solar Splash team, a detailed
list of assembly instructions was completed. Through gathering information from other Solar
Splash teams’ technical reports, a decision was made to implement woven fiberglass cloth and
epoxy resin in the construction of the hull. The use of these two materials gained the interest of
the team due to the elevated level of formability of intricate shapes that the cloth and epoxy can
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adhere with. Another added benefit will be the glass-like finish the epoxy resin will leave on the
exterior of the hull, adding almost no subsidiary force of friction as the boat travels through the
water. When researching ways to assemble the hull, two viable methods were determined: one
using foam insulation board and the other using 1/4in. thick plywood. Both materials would be
used in the same way, with the overall shape and structure of the hull being supplemented with
the fiberglass and epoxy coating.
The decision-making process on which material to use came down to analyzing the
properties of each material. Table 4 lists the beneficial attributes of each material.
Table 4: Material Considerations for Hull Construction

Material Selection
1/4" Plywood

Foam Sheet

Higher density

Lighter weight

More shear strength

Easier to machine

More forgiving to damage

Better buoyancy properties

Taking into consideration the properties of the two candidates, the hull design team
concluded that the use of the of the ¼ in. plywood would be more in line with the goals and
demands required for the hull. The use of plywood instead of foam will add rigidity, meaning the
hull will be better suited to be reused in later competitions and overall safer for the operator
while out in the water. The buoyancy and weight benefits of using foam in construction are
almost negligible because the surface area of the craft will accommodate the loaded weight.
After the choice was made to construct the hull from plywood, a popular construction
technique with plywood watercrafts was explored. The “stitch and glue” method of construction
was deemed the best route to take when building the hull. The method gets its namesake from
taking cut-out pieces of plywood, stitching them together using zip ties, and then gluing all of the
edges with the epoxy resin. Figure 11 shows an example of the stitch and glue process.
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Figure 11: Stitch-and-Glue Joint Diagram

Figure 11 exhibits that the cut plywood pieces form an angled joint. The proper geometry
can be rounded forming a fillet that will conform to the initial design. Once the epoxy is
hardened the temporary zip tie stitch is then removed and the resulting form is left. The plywood
frame for the hull will be cut from the 4ft. by 8ft. sheets by utilizing a CNC router in the Applied
Engineering Center. The tool paths for each sheet will be constructed using SolidWorks, creating
all the pieces that will be fit together.
Once the pieces have been cut from the flat sheets, they will be numbered into four main
sections: the bottom, sides, rear, and the ribs. This will make assembling the puzzle-like pieces
go more efficiently and reduce error for the builder. The pieces will also be marked with an
arrow indicating which joint edge will receive a series of ¼” through holes in a straight line
along the edge spaced 2” apart, ¼" from the edge of each joint. The zip ties will be threaded
through the holes on each joint edge. Once the plywood frame is constructed, the joints will then
be reinforced with the fiberglass cloth. This addition will act as the waterproofing agent while
acting similar to a substrate that the epoxy resin will form a strong mechanical bond with.
Following the fiberglass cloth installation, the epoxy resin will be applied to all of the joints,
forming a smooth fillet on the interior and exterior of the hull. Once the epoxy resin is fully
cured, the zip ties will be removed, and a final coating of epoxy will be poured over the exterior
of the hull. The epoxy is marketed as self-leveling to ensure even distribution. Once this layer is
fully cured, the hull will be ready to accommodate modifications for other subsystems continuing
the completion of the boat.
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The detailed itemized list of assembly instructions can be found in Appendix G, which
the Solar Splash team will utilize for the building process. The procurement of materials found in
Table 5 is currently underway, and the actual construction of the hull will begin at the start of
the Spring 2022 semester. While the hull design team has a detailed plan of assembly of the hull,
the team has the option to modify the plans or any design feature if need be. Once constructed
the team members will test the hull for the 2022 competition.
Table 5: Bill of Materials

Bill of Materials
Component

Material

Cost

Hull Construction

5 sheets of 1/4"x4'x8’ ACX Plywood

$152.42

Hull Construction

500 Pack Nylon Cable ZipTies

$12.25

Hull adhesion and exterior coating

3 gal. 2:1 epoxy resin with medium hardener

$311.90

Hull Forming

20 yds. of 6oz. Fiberglass cloth

$169.80
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5 Steering Design
5.1 Continuous Improvement and Competition Considerations
The steering system for the 2021 University of Southern Indiana Solar Splash team was
completed by a spring 2020 senior design member with help from the Solar Splash Team. The
team designed an “end steering system” which is referred to as a “drivetrain” by Solar Splash
and took on the task of designing a steering console given a previously bought steering rack-andpinion.
While the focus of the 2020 USI Solar Splash team was to compete in the competition,
there are still many improvements that can be made. During last year’s Solar Splash competition,
the steering system was oversteering. Unfortunately, since the steering rack-and-pinion was
bought previously there was no record of the brand or model bought. With no documentation, an
analysis of the previous rack cannot be compared to the new rack. The new rack-and-pinion
system will be chosen based on other Solar Splash teams’ success with rack-and-pinion brands
and research into the several types of steering systems available.
The steering console design for the 2021 Solar Splash boat was a last-minute design with
minimal design analysis. Fortunately, the steering console, which houses the steering wheel,
motor switch, and dead man's switch, held up for the competition. The material for the 2021
design used was thicker than anticipated and in return weighed more than expected.
The objective of the steering system senior design project is to design, analyze, and
optimize a new steering system to implement in a solar powered boat. A timeline for
implementing models, ordering parts, and inserting components into the boat will also be
available to the Solar Splash team. At the conclusion of the project, a SolidWorks steering
system assembly, an analysis of the proposed steering system, a timeline for implementation, and
a detailed list of instructions on building and installing the steering system will be delivered. A
fully functioning device will not be delivered due to the competition being in June of 2022.

5.2 Mechanical Design
The mechanical design component of the steering system is focused on the steering
console. The steering console is used to hold the steering wheel, dead man’s switch to tun off the
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boat in case of an emergency, and a motor on/off switch. The steering console is typically one of
the higher objects on the boat and therefore is often used by team members as a balance to get in
and out of the boat. The steering console must be stable and reliable for team members entering
and exiting the boat and should be removable from the boat for transportation purposes. In
addition to stability, it should be lightweight and resistant to corrosion. A lighter boat will
accelerate faster and maintain a faster overall speed. Since a boat is exposed to outdoor elements,
a steering console should be resistant to corrosion to maintain the strength of the structure.
Shown below, in Figures 12, 13, and 14, are design concepts for a steering console to be used
by the USI Solar Splash team for the 2022 competition.

5.2.1 Steering Console Design 1
The first design is a four post, telescoping tube legs, with an adjustable angle and
adjustable height table, seen in Figure 12. It will be made from 2-inch galvanized steel square
telescoping tubing for the legs and 6061 aluminum sheet metal for the table. Clevis pins will be
used to adjust the height and to remove the table from the base.

Figure 12: Design 1 - Four Leg Steering Console
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While this is the most reliable and sturdy option, it is very heavy and expensive. Table 6
shows the pros and cons for the steering console above.
Table 6: Pros and Cons Table for Design 1

Pros

Cons

Durable

Heavy

Changeable steering angle

Expensive

Adjustable height

Must connect 4 posts to the boat leaving
minimal extra space

5.2.2 Steering Console Design 2
The second design concept is a system with four legs, two straight legs connected to the
base of the boat and two angled legs. This design reduces the number of legs connected to the
boat while still allowing for an adjustable height and angle without compromising on strength,
shown in Figure 13. The design uses a rubber mat below the stand, 6061 aluminum 2 inch and 1
½ inch square posts for the base, and 1-inch square posts for the angled posts. The table will also
be made from 6061 aluminum at ¼ inch thick.

Figure 13: Design 2 - Two Straight, Two Angled Post Steering Console
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Concept 2 disperses the weight among the angled posts ensuring the two straight base
posts do not take the entire load. This system is lighter weight than concept 1 but it takes up
more area with the rubber mat, and the angled posts using the rubber mat as a stop may still be
able to slide during the competition as they are not physically held in place by anything but
friction between the rubber mat and a rubber cap on the aluminum tubing. Table 7 shows
additional pros and cons of this concept.
Table 7: Pros and Cons Table for Design 2

Pros
Adjustable height

Cons
Must use a large rubber mat unobstructed on
the base of the boat

Adjustable steering table angle

Large footprint

Lightweight

Steering swivel holes are hard to align when
adjusting angles

5.2.3 Steering Console Design 3
The third steering console design is a 2-post system with adjustable height. While this
system does not have an adjustable angle for the steering wheel, it eliminates possible failure
points and weak spots in the previous two designs with an adjustable table angle. The steering
wheel table will be at a 60-degree angle to optimize comfort for the skipper. The skipper is
expected to be driving the boat for a minimum of four hours during the endurance race and
therefore needs to feel comfortable when driving. The skipper should also be comfortable while
driving the sprint and slalom race. Figure 14 shows a 34-inch-tall console with two 30-inch
adjustable height feet. The base uses 2-inch by 2-inch 316 stainless steel for the stand legs and a
0.125-inch-thick corrosion-resistant 3003 aluminum panel for the console table.
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Figure 14: Design 3 - Two Leg Steering Console

Aluminum was chosen for this design due to the low density and corrosion resistance.
The legs are stainless steel for added strength. The console will be adjustable by using a clevis
pin to hold the two base legs at the desired height. The pros and cons of this design are shown in
Table 8.
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Table 8: Pros and Cons Table for Design 3

Pros
Adjustable height

Cons
Possibility of being too compact for a larger
driver

Small footprint

Possibility to deflect

Lightweight

In addition to the steering console design, a steering wheel and steering cable will be
chosen. An 11-inch steering wheel will be used to accommodate the smaller steering console. A
steering cable is used to convert rotational motion from the steering wheel to push-pull motion
for the end steering, or drivetrain, connection. These two items are crucial in the implementation
of the steering system because the steering cable is how motion is transferred to the steering to
the propellor to turn the boat.

5.3 Mechanical Analysis and Performance Parameters
One performance parameter for the steering system is to create a lightweight design that
has an adjustable height steering console with a small footprint. As shown above, the chosen
design for the steering console will have adjustable height and take up a minimal amount of
space in the boat. The design for the 2021 steering system compared to the 2020 steering system
is lighter, weighing 13.5 pounds.
Another performance parameter is to correct the oversteering issue that was experienced
at the 2021 Solar Splash competition. To fix the oversteering problem, research was done
comparing rack-and-pinion, rotary, and hydraulic steering systems. Rack-and-pinion steering
systems utilize a gear-on-gear system, rotary systems utilize a gear on cable, and hydraulic
steering systems utilize hydraulic power. According to Boat Accessories Australia [7], hydraulic
steering systems are typically used for mid to high horsepower boats. The 2022 USI Solar Splash
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boat will not be classified as a mid to high horsepower boat and therefore hydraulic steering will
not be considered.
Rotary steering and rack-and-pinion steering are both mechanical steering systems. They
are both similar in design and operation. The rack-and-pinion steering system has a bar with a
plate inside, and the plate has teeth along one side of it. The bar is attached to the steering cable.
A rotary steering system utilizes a cable instead of a plate. The cable allows for many more turns
of the steering wheel versus typically a maximum of 4 turns on a steering wheel per a rack-andpinion steering system. The biggest difference between the two systems is the space that is
required for them to be installed. According to Born Again Boating [8], a rotary system takes up
a lot less space and allows the cable to be routed right, left, or straight back if needed. The rackand-pinion can only be installed with the cable coming out of the rack on the left side of the boat.
Additionally, most mechanical steering manufacturers suggest that a cable never makes a bend
tighter than about 8 inches and this makes space a huge deciding factor on which style system
will work best. The rack-and-pinion is more precise in the application of steering as opposed to
the rotary style. The gear-on-gear does not allow much room for slop, or steering looseness.
Another important deciding factor for choosing a steering system is the speed application
and horsepower (HP) of the boat and engine. Anything above 150 HP should not use mechanical
steering systems and instead should use hydraulic steering. Mechanical steering manufacturers
make systems that can support up to a V-6 outboard engine, and two standard horsepower ranges
of 115 HP and 150 HP. Born Again Boating has a general rule of thumb for speed applications;
anything under 115 HP and under 50 miles per hour (MPH) can use either system with minimal
issues.
The chosen steering system is a no-feedback (NFB) rack-and-pinion steering system
shown in Figure 15. The rack-and-pinion system was chosen because of the lack of slop in
steering. A NFB rack-and-pinion system isolates the driver from the engine’s torque. With
traditional steering systems, the engine tends to turn right, and the driver will have to compensate
by applying pressure to the left on the steering wheel. Therefore, the no-feedback system should
feel smoother for the driver of the boat compared to a plain rack-and-pinion system.
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Figure 15: NFB Rack-and-Pinion Steering System [9]

When choosing the steering cable, the length of the cable needs to be found using
equation 2. [10] The variables in the equation can be seen in Figure 16.

𝐶𝑎𝑏𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ = 𝐴 + 𝐵 + 𝐶 + 6"
𝐶𝑎𝑏𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ = 18" + 100" + 20" + 6"
𝐶𝑎𝑏𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ = 144"

Figure 16: Steering Cable Measurement Variables
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Equation 2

5.4 Design for Assembly
The materials needed for the design are shown in Table 9. These materials have been
ordered for the 2022 USI Solar Splash Team. The building of the design will begin early in the
Spring 2022 semester. For the building of the boat to stay on track, the supplies were ordered
well in advance for any unexpected delays. The assembly instructions can be seen in Appendix
H.
Table 9: Materials for Design Assembly

Component

Dimension

Plate Material – 3003 Aluminum

24 inches by 24 inches by 0.125 inch thick

Tube Material – 316 Stainless Steel

1.25 inch square tubing by 0.12 inch thick

Tube Feet Material – Galvanized Steel

1.75 inch square tubing by 0.105 inch thick

Telescoping Tube
Clevis Pin

0.375 inch diameter by 2.5 inches long

The materials, aluminum and stainless steel, were chosen due to multiple variables. The
largest concern for the steering console was weight. Aluminum was chosen for the plate because
it is lightweight, corrosion resistant, and ideal for outdoor uses. The legs are stainless steel versus
aluminum because aluminum is weaker and can yield faster than stainless steel. While aluminum
could have theoretically worked for the legs, it did not offer a high enough safety factor so
stainless steel was chosen. The stainless steel is strong and offers excellent corrosion resistant.
The plate and the legs will be welded together at the AEC. While it is difficult to weld aluminum
and stainless steel, it is possible for a trained welder if using a proper filler material.
The design was analyzed using Finite Element Analysis (FEA) in SolidWorks. The
SolidWorks model was constructed using the dimensions of the final design along with the
appropriate material of each part. The design will weigh 13.5 pounds (lbs.) and will be able to
withstand 300 pounds or 9,660 pounds-force (lbs.-f) on the plate with less than ½ inch
deflection, Figure 17.
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Figure 17: FEA Displacement Analysis

When the force is 9,660 lbs.-f, the stress on the plate will be near 0 psi and the stress on
the legs will be around 25,000 psi, Figure 18. The strain on the tubing will be 0.1% according to
a stress-strain curve for 316 stainless steels.
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Figure 18: FEA Stress Analysis

An FEA analysis was also performed on the clevis pin. Under 500 pounds-Force, the
clevis pin has a stress 21.02 psi, and the yield strength of the clevis pin is 3199 psi. The
deformation of the clevis pin under 500 pounds-Force was extremely minimal. Running a new
FEA study to purposely break the clevis pin, the force on the pin would have to be close to
18,000 pounds-Force. This is unlikely for our application.
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5.5 Proposal for Construction
As noted above, the final assembly will not be constructed due to the Solar Splash
competition being in June. There is still a possibility of minor change that could impact the
steering system. However, the manufacturing instructions and installation instructions can be
found in Appendix H. The design will be built and tested by the Solar Splash members in the
spring of 2022.
An attached failure modes and effects analysis can be found in Appendix I. A failure
modes and effects analysis, FMEA, is a process of reviewing the assembly and subsystems in the
assembly to identify potential failure modes and respond with the possible effects to the failure
modes. The FMEA includes the probability of the failure mode occurring and the criticality level
of each failure mode.
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6 Teamwork
As stated previously, this project required collaboration between the USI Solar Splash
competitive team, the Fall 2021 senior design team, and the Spring 2022 senior design team. In
order for this collaboration to be successful, effective communication was a necessity. The senior
design team members attended weekly meetings to ensure that the Solar Splash team approved of
the subsystem designs. For quick communication needs outside of normal meeting times, a
GroupMe was set up for the entire Solar Splash team. GroupMe allows team members to send
meeting reminders and updates that would affect the entire group. A separate GroupMe was
formed for the Fall 2021 senior design team, allowing the group members to discuss specific
project details. This mobile group messaging app was found to be more effective for team
management than email.
The Fall 2021 senior design team’s tasks were separated so that each student focused on
one specific aspect of the project: process and team management, the hull design, and the
steering system design. The designs were discussed intermittently as a group, however, to ensure
that high quality, well thought out designs were being produced for the Solar Splash team. Any
disagreements or conflicts that arose during the design process were discussed with the Solar
Splash team and team advisors in order to reach conclusions that were optimal for the Solar
Splash team.
This project provided a positive teamworking experience that will be very valuable in the
workplace. Not only did the students learn how to manage a team project, but they also learned
about effective communication, delegation, and conflict management. These lessons will be
applicable in all future work environments and will allow the students to be a true asset to their
engineering teams.
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7 Conclusion
The purpose of this project was to support the USI Solar Splash team’s effort to create a
competitive solar powered boat by analyzing project management and team management from a
process optimization standpoint, delivering an improved hull design, and addressing an
oversteering issue. A strategic design approach was taken for each subsystem, keeping
competition considerations and the idea of continuous improvement in mind. The culmination of
this project was to equip the 2022 Solar Splash team with detailed designs, materials, and
implementation guidelines so that the systems can be constructed during the team’s build phase
in the spring 2022 semester.
The project management and team management deliverables have been uploaded to the
Solar Splash shared drive for use of future team members. These deliverables were discussed
with the competitive team so that they understand the purpose of each document, how to
efficiently utilize them, and how to adapt them for use in future years. The team understands that
the project and team management tools put into place can be continuously improved to better
prepare the team for competitions.
The objective of designing a new hull for the upcoming Solar Splash competition has
been completed along with the other deliverables. Detailed assembly instructions have been
passed on to the hull design team and materials are beginning to be acquired to start assembly.
Other subsystems will be integrated into the hull once construction is complete.
The steering system design objective and deliverable have been accomplished for this
project and the assembly instructions will be handed off to a current USI Solar Splash team
member. The steering console will be made once the hull is finalized. Minor changes may have
to be made as the hull design changes due to time constraints and assembly restrictions.
Both the steering and hull design used the team management tool provided, including the
Gantt chart, weekly reporting, and benchmarking activities, to successfully implement the
designs into the 2022 USI Solar Splash boat. The USI Solar Splash team has approved of all
designs completed.
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Appendix A: Responsibility Matrix
Responsible Person/Party
Analysis Phase
Analyze previous year's competition results
Review strengths and weaknesses of boat design
Review strengths and weaknesses of team/process

Team
Team
Team

Preparation phase
Determine focus areas based off of analysis phase
Assign subsystem responsibilities
Appoint subsystem team leaders
Complete benchmarking reports
Adapt schedule to reflect current competition year
Take inventory of components and organize Solar Splash building
Design phase
Revise hull design as needed
Revise drive train design as needed
Revise steering system design as needed
Revise solar panel frame design as needed
Revise electrical design as needed
Ensure new designs will properly integrate with existing subsystems
Place orders for new components
Complete buoyancy calculations for overall new design
Ensure all designs comply with competition rules
Ensure that proper documentation of design phase has been uploaded to the shared drive
Write appropriate sections of technical report
Build phase
Alter hull where necessary
Build new mechanical designs
Integrate new mechanical components with existing subsystems
Wire new electrical components
Ensure proper interconnect techniques for electrical system
Ensure all subsystems comply with competition rules
Take pictures throughout the build phase for use in the report and video
Ensure that proper documentation of build phase has been uploaded to the shared drive
Write appropriate sections of technical report
Testing phase
3D print a scaled down version of the hull and perform fluid dynamic testing
Test electrical equipment and prepare charts documenting current and voltage outputs
Once build phase is complete, test boat on lake simulating the 3 competition configurations
Make design revisions and retest based on performance
Take pictures of testing for use in the report and video
Ensure that proper documentation of testing phase has been uploaded to the shared drive
Write appropriate sections of technical report
Technical report and video
Submit draft of technical report to Dr. Ely and Dr. Kuban
Make revisions to technical report where necessary
Submit approved final draft of technical report to Solar Splash page
Create Solar Splash video
Submit approved video to Solar Splash page
Upload final versions of technical report and video to the shared drive
Competition
Purchase any tools necessary to work on the boat at competition
Ensure all items going to competition are neatly organized
Ensure all competition team members are clear on their roles at competition
Take notes for improvement opportunities while at competition
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Team
Team Manager
Team Manager
Subsystem Teams
Team Manager
Team
Hull Team
Drive Train Team
Steering Team
Solar Panel Team
Electrical Team
Subsystem Teams
Team Leaders
Hull Team
Subsystem Teams
Team Leaders
Subsystem Teams
Hull Team
Subsystem Teams
Subsystem Teams
Electrical Team
Electrical Team
Subsystem Teams
Team
Team Leaders
Subsystem Teams
Hull Team
Electrical Team
Team
Team
Team
Team Leaders
Subsystem Teams
Team Manager
Subsystem Teams
Team Manager
Team
Team Manager
Team Manager
Team Leaders
Team
Team Manager
Team

Appendix B: Benchmarking Reports

Benchmarking Activity
What Is Benchmarking?
In industry, benchmarking is the process of comparing processes and performance metrics to
industry bests and best practices from other companies. Benchmarking helps companies improve
their quality and stay competitive in their field. In a similar fashion, completing benchmarking
activities can help our Solar Splash team keep up with top competitors.

Creating Benchmarking Reports
Benchmarking should be done for each subcomponent of the boat. The greatest tools for
completing these benchmarking activities are the Solar Splash technical reports. Each year after
the competition, the top 5 technical reports are posted on the Solar Splash site. It is necessary
that we analyze these reports to gather information on how to improve our subcomponent
designs. Each subsystem team member needs to read the appropriate sections of each report and
prepare a document analyzing the other teams’ designs and whether or not they apply to the
design of our boat. These documents should then be shared with the whole team, so that we can
discuss whether or not it is worthwhile to pursue the designs that apply. This is also a good
opportunity for subsystem team members to read through the rule book and report rules that are
relevant to their subsystem. An example benchmarking activity is shown on the next page.

Benchmarking Report Format
1. Relevant Rules – Rules can be found on the Solar Splash site, report any rules that will
act as requirements for your design
2. School Name - There should be a total of 5 schools, there will be one section for each
school with the following subsections included

a. Design – What is the team’s current design for this subsystem
b. Accompanying figures
c. Items of Interest – What is different about their design? Is there anything that
could be useful to the team?
3. Summary/Recommendations – Based on the information that you have gathered, what
approach would you recommend taking?

Example – Batteries

Relevant Rules:
7.4.1 Batteries – Craft are allowed to carry 45.5 kg (100 lb) of lead-acid batteries in all events. A
maximum of two sets of batteries will be inspected and permitted for use in the competition.
7.4.5 “Source Voltage” – May not exceed 36 VDC nominal value (usually 3 batteries). A
maximum open circuit voltage of 52 VDC for the photovoltaic charging devices is allowed.
7.10.2 Battery Type – Only secondary (electrically rechargeable) batteries are permitted. Fuel
cells, primary batteries, or mechanically rechargeable batteries will not be approved. Each team
is responsible for supplying their own batteries. The batteries must be commercially available,
lead-acid, unmodified with their weight consistent with the rules. Batteries must be absolutely
stock (as manufactured) in every sense. The battery modules may not be modified in any
manner, including the addition of electrolyte additives, case modification; or plate addition,
removal, or modification…….

School 1: UPRM
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Items of interest: Two battery set ups, one for sprint and one for endurance

Summary/Recommendations
I believe that modelling UPRM’s battery design would be beneficial to the team because …. I
also liked aspects of School 2’s design because …. My final recommendation is pursuing a 4
battery configuration rather than the common 3 battery in order to ….
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Appendix C: Hierarchy Diagrams
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Appendix D: Team Management Philosophy Document

Team Management Philosophy
Introduction
This document outlines the Solar Splash team management philosophy. The team’s
management style is based off of Dr. William Edwards Deming’s 14 key principles for
management. The goal of Deming’s 14 points is to optimize the effectiveness of organizational
management, and is most often used in business settings, however, the points can be adapted to
fit the need of the Solar Splash team. Applying Deming’s 14 points for management allows the
team to create a foundation for an efficient process to designing the boat. This management
process can be continuously improved upon and will need to be adjusted to fit each competition
team’s unique needs.

Who is Dr. William Edwards Deming?

Dr. William Edwards Deming was considered by many to be the master of continual
improvement of quality and overall operation. Deming is best known for his pioneering work in
Japan, beginning in the summer of 1950. He taught top managers and engineers the methods for
improving how they worked and learned together. In the late 1980’s, Dr. Deming also consulted
with corporations such as Ford, Toyota, and Xerox, whose businesses were revitalized after
adopting his management methods. Deming was a visionary, whose belief in continual
improvement led to a set of transformational theories and teachings that changed the way we
think about quality, management, and leadership [1].
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Dr. Deming’s 14 Key Principles for Management

Points 1 and 5 – Create Purpose for Continuous Improvement
The first key point is to “create a constancy of purpose toward improvement of product
and service, with the aim to become competitive and to stay in business, and to provide jobs” [2].
This concept can be applied to the management of the Solar Splash team by instilling the
importance of continuous improvement in the team members. In order to become competitive at
Solar Splash events, the team needs to work with the ideal of continuous improvement of the
boat in mind. This point will be the most important concept that the team adopts. Deming’s fifth
point relates closely to this concept, and states that management should “improve constantly and
forever the system of production and service” [2]. This concept can be applied to Solar Splash in
a similar manner as the first key point by ensuring that the team understands that the process of
building a competition boat can be improved upon each year. Once the team has the
understanding that both the boat and the process of building the boat can be continuously
improved, the team will perform in a more efficient manner.

Point 3 – Cease Dependence on Inspection to Achieve Quality
Deming’s third point concentrates on the importance of ceasing dependence on
inspection to achieve quality [2]. This point can be adapted for use with the Solar Splash team by
stressing the importance of designing for quality, not relying solely on testing. If Solar Splash
team members create rigorous designs of their subsystems, the testing phase will be a lot more
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productive and efficient, because less rework will be needed. This concept will save the team
time and money, which is important for the strict schedule and budget that the team has.

Points 6, 7, and 9 – On-The-Job Training, Leadership, and Breaking
Down Barriers
The sixth and seventh key principles focus on instituting on the job training and
leadership [2]. In order to achieve this, more experienced senior team members should be paired
with newer members so that the inexperienced students can learn the design process through the
act of designing. To ensure the longevity of the team, Deming’s ninth rule of breaking down
barriers between departments [2] was also applied. While newer members are assigned to
specific subsystems to learn in depth under the leadership of senior members, they should also
receive a broad overview of the boat so that they can take a more knowledgeable approach to
designing other subsystems in future competition years. Breaking down the barriers between
subsystems consists of requesting transparency from all design teams. The teams should be asked
to give a weekly update on their subsystems, stating what they have accomplished that week and
what still needs to be accomplished. These updates allow newer members to hear what
approaches are being taken to design each subsystem. The new members can apply this
knowledge to designs in future competition years.

Sources
[1] “Deming the Man.” The W. Edwards Deming Institute, https://deming.org/deming-theman/.
[2] Deming. “Dr. Deming's 14 Points for Management.” The W. Edwards Deming Institute,
https://deming.org/explore/fourteen-points/.
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Appendix E: Budget Tracking Spreadsheet
Budget
#

Item

1

LEM-2X2-95 DC Motor & HS

Cost
$

Date Purchased

1,800.00

10/27/2021

2 MITRPAK R12 1:1 Gearbox
$406
No Feed
3 Back Rack and Pinion Steering Cable
$
269.99
4 Steering Console Clevis Pin $
3.79
5
Steering Console Plate
$
52.54
6
Steering Console Tube
$
100.11
7Steering Console Telescoping Tube$
41.54
8
Steering Wheel
$
35.95
9
10
11
12

Spring 2020
11/1/2021
11/1/2021
11/1/2021
11/1/2021
11/1/2021
11/22/2021

Link
https://lynchmotors.co.uk/pdfs/lmc-lem-2x2.pdf
https://lynchmotors.co.uk/pdfs/lmc-lem-200.pdf
https://www.lampin.com/p/mitrpak-r-121-c1-right-angle-gearbox-135616/
SEASTAR SOLUTIONS No Feedback Rack System | West Marine
Zinc-Plated Carbon Steel Bent-Pull Clevis Pin, 3/8" Diameter, 2-1/2" Usable Length | McMaster-Carr
Corrosion-Resistant 3000 Series Aluminum Sheet, 0.125" Thick | McMaster-Carr
Corrosion-Resistant 316/316L Stainless Steel Rectangular Tube, 0.12" Wall Thickness, 1" x 1" Outside | McMaster-Carr
Galvanized Steel Rail for Bolt-Together Framing, 1-3/4" High x 1-3/4" Wide, 0.105" Wall Thickness | McMaster-Carr
Amazon.com : DasMarine 5 Spoke 11" Dia. Boat Steering Wheel,3/4" Shaft,25 Degree Dish,304 Stainless Steel Steering Wheel with Black PU Fo
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Appendix F: Fusion 360 Airflow Simulation
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Appendix G: Hull Assembly Instructions
Assembly Instructions:
1) Procurement of materials
a) 5 sheets of ¼” 4’x8’ ACX plywood or better
b) 500ct. bag nylon cable ties
c) 3gal. 2:1 epoxy resin with medium hardener
d) 20yds. 6oz. fiberglass cloth
2) Cutting hull pieces
a) Cutting plywood pieces
i) On a CNC machine load the appropriate toolpath files (e.g., transom,
bottom1, bottom2, sides, bow)
ii) With marking tool label, the exterior, interior, front and back of each piece
iii) Once all toolpaths are completed lay out the pieces by the sections of the
hull
3) Stitching the pieces
a) Using a ¼" drill bit, drill a series of holes
i) Space holes 2” apart, ½" from the edge of all joining edges of all pieces
that meet
b) Thread a zip tie through each mating hole and tighten until the joint is closed
4) Gluing the joints
a) Mix the epoxy resin to the specified 2:1 ratio in three 1gal. Batches
i) Mix only 1gal. for this step
ii) Stir for no less than 5min. ensuring the epoxy is completely mixed
b) Cut the fiberglass cloth in 6” strips the length of each joint and apply to the strip
to the interior and exterior of the joint
c) Apply a generous amount of the mixed epoxy resin to the interior and exterior of
each joint
i) Make sure to form the appropriate concave fillet on the interior and the
convex fillet on the exterior
ii) Allow at least 24hrs. for epoxy to cure after application
d) Cut and remove zipties after epoxy is cured
i) The resulting hull profile is now formed
5) Surfacing and smoothing
a) Inspect the hull for: plywood tear out (areas where the plywood is frayed from
cutting), air bubbles trapped in surface of epoxy, and any drips or deformations in
the epoxy as it cured
b) Sand smooth any of these issues with wet sandpaper
6) Waterproofing hull
a) Invert hull bottom side up onto level sawhorses
b) With the remaining epoxy, combine and mix
c) Pour the epoxy on the bottom surface of the hull
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i) Spread the poured epoxy with a notched trowel, starting from the center
and moving to the edges
d) Allow the epoxy to run over the sides of the hull
i) Ensure an even amount has coated all the way around the hull
e) Wait at least 24hrs. for this coat to cure
f) Repeat inspection process
i) Fill any voids or deformations with epoxy
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Appendix H: Steering System Assembly Instructions
Assembly Instructions:
1) Gather materials
a. 1.25” square 316 stainless steel tubing
b. 1.75” square telescope tubing
c. 24” x 24” 3003 aluminum plate
d. Two 3/8” diameter clevis pin
2) Cut materials to desired size
a. Cut two 30” long 316 stainless steel tubing
i. On ONE end of the tube cut a 60-degree angle. It should look like a 30-6090-degree triangle with the 30 degrees at the top of the tubing. (See
dimensions below)
ii. Repeat for the other tube
b. Cut two 5” long telescope tubing with 5 holes showing. Cute the tubing so the top
hole is ½" down from the top and the bottom hole is ½" up from the bottom.
c. Cut one 18” x 24” rectangular 3003 aluminum plate.
i. Mark the center of this plate at 9” in from the 18” side and 12” down from
the 24” side
ii. Cut a circular hole in the center of the plate. Use image below. The hole
size has not yet been determined but it should be big enough to fit the red
circle through but small enough to not let the green circle go through. The
plate will be in between the back side of the blue circle and the front side
of the green circle in the image below.
d. Cut a 2.5” x 2.5” square aluminum piece from the remaining aluminum used for
plate
3) Attach components
a. Attach the plate and stainless steel tubing by performing a full penetration weld
with the help of Justin Amos (Ensure prior to performing that the filler material is
in stock at the AEC)
b. Attach the telescope tubing piece to the 2.5” square piece by preforming a full
penetration weld for both legs with the help of Justin Amos
c. Attach the 2.5” square / telescope tubing assembly to the hull working with the
hull team to correctly distribute the weight of the hull
d. Attach the rack and pinion steering system to the plate using the image below to
correctly install the system. The plate should go in between the blue and green
circles in the image
e. Attach the steering wheel to the steering system
f. Attach the on/off switch to the plate and clearly label the switch
g. Attach the dead man’s switch to the plate and clearly label the switch
h. Attach the steering cable to the drivetrain working with the drivetrain team to
ensure the proper spot
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i. Place the plate assembly in the permanently fixed feet and attach the clevis pins at
the desired height

Image for 2.a.i

Image for 2.c.ii and 3.b
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Appendix I: Steering System Failure Modes and Effects Analysis
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Appendix J: ABET Outcome 2, Design Factor Considerations
ABET Outcome 2 states "An ability to apply engineering design to produce solutions that meet
specified needs with consideration of public health safety, and welfare, as well as global,
cultural, social, environmental, and economic factors."
ABET also requires that design projects reference appropriate professional standards, such as
IEEE, ATSM, etc.
For each of the factors in Table N.1, indicate the page number(s) of your report where the item is
addressed, or provide a statement regarding why the factor is not applicable for this project.
Table N.1, Design Factors Considered
Design Factor

Page number, or reason not applicable

Public health

The boat is designed according to the Solar Splash rules, which have

safety, and welfare

safety factors listed for the safety of competition attendees, page 6

Global

Solar Splash is an international competition, page 1

Cultural

Social

Teams from across the world compete in the competition and provide
insight to their culture, page 1
The competition provides time to speak with other teams and learn about
their designs, page 1
The boat utilizes solar power, page 1

Environmental
Solar Splash teaches students about environmental sustainability, page 1

Economic

Solar Splash is a university funded team, so all designs were created with
the intention of being economically efficient, page 15

Professional

Solar Splash provides a rule book as well as safety factors the boat must

Standards

meet, page 6
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