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Polluted waterways are a
real world problem facing
the environment.

Just like wildlife, the
ROV needs to avoid
being entrapped by the
debris.

A key challenge for the
Waterway Cleanup
Mission was to design
a system that’s equally
effective on the surface
and the bottom.

2021 International SeaPerch Challenge

ABSTRACT

’I'Vhe 2021 SeaPerch Chal-
lenge is inspired by real-life
environmental conditions where
remotely operated vehicles
(ROVs) can play a key role in
assisting with cleaning up pol-
luted waterways increasingly
threatened by everything from
floating garbage patches to haz-
ardous submerged explosives.

The following Technical Design Re-

port summarizes the engineering design
process and overall approach to solving
this year’s Mission Challenge: Water-
way Cleanup. It provides an overview
of the engineering design process (EDP),
including ROV design, construction, test-
ing, analysis and results, modifications
and future plans. Additional details and
results have been recorded in a separate
engineering workbook.

The team began the process with a
thorough analysis and understanding of
the problem, followed by the develop-
ment of a clear and concise set of goals
and measurable objectives to help guide
the project. The design approach began
by building on the strengths of the 2019
ROV, and continued with an exploration
of multiple strategies and prototypes to
successfully complete the mission.

The uniqueness of the Wahoo concept lies
in it’s apparent simplicity in design and
operation. The compact and light weight
vehicle attacks all challenges using a uni-
versal, retractable and remotely operated
attachment that quickly and effectively
collects, transports and deposits a range
of floating and submerged debris.
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TASK OVERVIEW

The team elected to compete using the
optional Waterway Cleanup Mission
Course challenge to demonstrate the Wa-
hoo’s capabilities. The Mini Course used
is uniquely designed to replicate four
waterway cleanup activities:

TASK-1 (Active Mine) consists of a sim-
ulated active mine that must be disarmed
or removed and deposited in the disposal
area on the vault platform.

TASK-2 (Disposal Vault) requires open-
ing and closing of the vault gate latch
where sunken waste will be deposited in
Task 4.

TASK-3 (Garbage Patch) requires collec-
tion and removal of five floating objects
from the containment ring.

TASK-4 (Sunken Waste) consists of an
assortment of submerged debris (five
pieces) to be collected and deposited on
the vault platform.

Teams are provided two minutes to
complete Tasks 1 and 2 (Run 1), and two
minutes to complete Tasks 3 and 4 (Run
2) (SeaPerch, 2021). The following sum-
marizes some of the key design consider-
ations used to justify the ROV design and
construction.

ROV DESIGN CONSIDERATIONS

Design a smaller adaptable ROV to
navigate tight spaces.

Reduce risk of dropping objects using a
secure or operable attachment.

Explore retractable attachments to
be more compact and adaptable to
multiple tasks.

Design an attachment to quickly and
securely manipulate the active mine.

Incorporate adjustable components to
fine tune the ROV during testing.

Locate attachments close to the vertical
thruster for optimal lift and control.

Minimize obstructions on ROV to avoid
snags on the course and debris.
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DESIGN APPROACH

Engineering Design Process

The team’s approach to the 2021 SeaP-
erch Challenge followed an iterative
process identified in the following EDP;
including design, construction, research,
testing and results, as well as conclusions
and future plans (Valenzuela,2019).

ENGINEERING DESIGN PROCESS

Identify the
Problem

ROV Design

Imagine the @)
Solutions

&) Modify & Improve

This process allows the team to continu-
ously modify the design based on key
performance criteria and test outcomes.
The following outlines critical action
items conducted for each step in the EDP.

@ sTEP1

M Review 2021 SeaPerch Challenge
events, compliance factors, team
rules and rubrics

‘ M Research the problem
Redesign efforts . .
successfully reduced the ™ IdentlfY real and potential
overall ROV he/ght by 20% constraints to overcome
(2019-top left). @ STEP 2
M Brainstorm ideas that help to over-
come the identified constraints
M Develop measurable goals and
objectives to guide ROV design and
development
= - — STEP 3
2019 concept with static . .
hook attachments to M Conceptualize possible ROV.features
collect and maneuver | M Explore and evaluate materials and
objects. methods

2021 international SeaPerch Challenge SeOp

Refine details and construction
methods

Prepare detailed drawings for the
preferred concept

STEP 4

Construct a range of ROV prototypes
and attachments for pool testing
STEP 5

Test ROV prototypes

Evaluate strengths & weaknesses
Analyze and compare test results
Select preferred ROV design
Retest and evaluate

STEP 6

Modify ROV to improve performance

Retest and analyze based on testing
and evaluation results

7
7
(4)
7
(5)
7
7
7
7
7
6]
7
7
7

Repeat process as needed

Design lterations

During initial brainstorming, a key design
strategy was to build from the successful
foundation of the 2019 ROV design. The
earlier ROV frame was strong, light-
weight, hydrodynamic and adaptable.

The team explored various alterations and
static modifications that would success-
fully accomplish this year’s mission chal-
lenge (SeaPerch, 2021).

Design iterations began with modifica-
tions to the planar frame to streamline the
overall profile and improve the vehicle’s
agility (Chakraborty, 2019). Attachments
were developed that would accomplish
the mission and were compatible with the
revised frame and thruster alignment.

Early concepts employed a simple hook
apparatus that was envisioned to knock
the floating objects out of the containment
ring. Bottom wedges were integrated into
a “scoop” device that was used to both lift
objects off the bottom and cradle floating
objects. Hook attachments were spaced at
the bow to accomplish the removal of the
mine arming device. A curved scoop also
served to carry objects close to the bow
where maximum vertical thrust could be
applied.
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Micro servo (example).

The 2019 articulating
claw became the baseline
for designing this year’s
attachment.

To ensure objects stayed on the scoop at-
tachment, the articulating arm was modi-
fied from the 2019 concept. The servo-
operated arm attachment was designed
to rotate from a centrally mounted pivot
point and reach beyond the largest object
and hook downward to hold debris in
place. The servo was later oriented hori-
zontally to help reduce drag and stabilize
performance.

To operate the on-board micro-servo, a
common inexpensive servo tester was
used to control the claw attachment from
shore. This is a similar setup that was
used on the 2019 ROV. A waterproofed
high torque, digital mini-servo was wired
using the fourth channel in the tether.

A third signal wire was routed from the
servo to the tester and connected it to the
outside of the tether.

Bridging the frame around
the thruster allowed the
profile to be reduced by

20%.

2021 International SeaPerch Challenge

The servo tester operates separate from
the ROV controller. This setup works well
in this scenario as it allows the driver and
the cord manager to work independently.
This is important as it gives the ability to
navigate the ROV and operate the servo
at the same time.

Final Concept

he final 2021 ROV concept

is a simple, compact, light-
weight and adaptable vehicle
that is both effective and effi-
cient in completing the Water-
way Cleanup mission.

seap
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The Wahoo utilizes a remotely operated articulating

arm to collect both floating and sunken debris.

The Wahoo ROV has the ability to retract both grasping
attachments (upper and lower) for unobstructed
navigation, reduced drag and improve speed.

For the final concept, the team devised

a means of bridging the frame “around”
the bow-mounted vertical thruster rather
than “over” it, as in 2019. By moving the
pontoon floats outward, the vertical height
of the ROV was successfully reduced
from five inches to four inches (or 20%).
The float system is adjustable using zip
ties which helps to fine tune its buoyancy
and reduce pitch and roll motions (Mraz,
2014).

MODIFICATIONS & DESIGN FEATURES

WATERWAY WAHOOS
Team HS-301

M 3D frame and mounting brackets are
lightweight and easy to modify

M Adjustable motor and float mounts
allow for quick repositioning or
replacement

M Counter-rotating horizontal thruster
propellers provide stability and
reduce roll (Reichow, 2019)

Retracted size: 6” Lx 5” W x 4”H

Hollow tube floats reduce drag and
mass and maintain buoyancy at any
pool depth

4]
M

What makes the Wahoo design unique is
the two simple attachments that work to-
gether. The ROVs ability to completely re-
tract these attachments 180 degrees during
the obstacle course, results in a compact
maneuverable vehicle that is both adaptive
and agile.
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Coating the upper and
lower articulating arms
provided additional grip
and reduced drops.

10% Reduction in
Course Time
Fastest Time: 23.70 sec.
Improvements in
Obstacle Course times
were attributed to a 20%
decrease in the vehicle’s
profile and retractable
attachments that reduce
course conflicts.

RUN 1

56% Reduction in
Course Time

Fastest Time: 24 sec.
Improvements in Mission
course times were the result
of developing the right-sized
attachment and lots of
practice.

RUN 2

47% Reduction in
Course Time

Fastest Time: 1 min. 33 sec.
Improvements in Mission
course times were the
result of incorporating

an operable attachment,
modifications to the float
assembly and even more
practice.

2021 International SeaPerch Challenge

EXPERIMENTAL
RESULTS

Testing Analysis

ROV concepts were pool tested in three
categories; Mission Course Run 1 and

2 and the Obstacle Course. While the
obstacle course will not be included in the
2021 International SeaPerch Competition,
the team felt it was a good measure of the
Wahoo’s performance and adaptability,

as well as the possibility that this course
may be used at some regional events.
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ROV CONCEPTS TESTED

(1) 2019 Modified ROV: This concept
incorporated the basic 2019 chassis utilizing a
range of static attachments.

(2) WW-01: This ROV added fixed remotely
operated attachments to test its functionality.
The attachments did not retract.

(3) WW-02: The current concept incorporates
modifications to the horizontal thruster
mounts, servo position and upper arm config-
uration. This model also includes retractable
attachments.

(4) WW-03: Under construction.

Key Modifications

During testing the servo would on occa-
sion rotate slightly causing it to bind with
the float mounts and scoop attachment. To
eliminate this condition, the team redesigned
the support platform to contact the servo on
five of the six sides and incorporated two
additional mounting screws.

In the retracted position the collapsed arm
and scoop attachment would occasion-

ally get caught on the course. The team
redesigned the parts to rotate 180 degrees
between courses. By narrowing the thruster
supports, and moving them forward and up,
the team was also able to elevate the posi-
tion and improve responsiveness.

Upper arm pivot

34 printed frame

B s &

.J\\
L Lower arm pivot

180 deg W

o2

Summary

Overall WW-02 has performed consistently
and meets the established performance goals
for the project. The team plans to continue to
test and modify WW-02 to optimize it’s per-
formance, including the addition of a fourth
motor, reconfiguration of the arm assemblies
and a carbon fiber frame.
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The first competition in
2016 at LSU.

The WW-03 replaces the
heavier .01” diameter CAT6
cable with the much thinner
.01” diameter Cat6A tether.

The WW-03 operates
using a fully on-board
power source.

2021 International SeaPerch Challenge

REFLECTION & NEXT
STEPS

Looking Back

Reflecting on the team’s experiences
during the 2021 SeaPerch season to this
point, it has been one of many challenges
and uncertainty compared to previous
seasons. While the team was not able to
practice very much or compete in any
pool events in the current environment,

it has allowed time to focus on other
aspects of the project such as research and
presentation.

This is also a time for reflection on the
team’s four years of participating in SeaP-
erch, beginning in 2016. Today, as seniors
in high school, the team has gained a lot
of knowledge and experience through
involvement in the SeaPerch underwater
robotics program. Participation has pro-
vided the opportunity to create, problem
solve and compete at an international
level, as well as network and be surround-
ed by many like-minded students, profes-
sionals, mentors, and supporters from
across the country and around the world.

A particular challenge for the team this
year was designing a vehicle that was
equally adept at capturing both floating
and sunken objects of various sizes and
shapes. The team tested a number of con-
cepts to find the most effective solution,
and they aren’t done yet. While the over-
all results are positive, they are not quite
where they want to be with the vehicle’s
capabilities. What four years of compet-
ing has taught the team is that there is
always room for improvement and more
ideas, testing and redesign to be done.

Going Forward

Looking ahead, the Wahoos plan to use
the next few months leading up to the
International SeaPerch Competition to
continue to explore new concepts
and take new risks. The plan is to take
their project into the “Open Class” to al-
low the flexibility and resources to push
ourselves and open up new options.

L
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WW-03 utilizes an stick-type controller

The team is currently competing with

the WW-02 ROV. The goal for the next
generation vehicle (WW-03) will be to
minimize what is perceived as one of

the greatest hindrances to the vehicle’s
handling and performance, the 50 foot
CAT6 tether. The objective is to transition
from pool side to onboard power. The
practicality, both in terms of reliability
and latency associated with the available
frequencies, power consumption and
likewise safety, has put realistic consider-
ations for true wireless on pause.

This limitation however, still leaves
much of the tethered inconvenience to

be mitigated through other methods. Due
to the advancement of battery technol-
ogy, and the development of small,
lightweight, and inexpensive motor and
battery management systems available to
the hobby and remote control community,
expectations are for it to be possible to
house the necessary equipment onboard
the ROV. To optimally interact with these
new electronics the original SeaSwitch
controller will be replaced with an RC
stick-type controller, giving it variable
speed control.

The new onboard infrastructure will al-
low it to utilize a tether with constituent
wires of much smaller gauge, without the
need to transmit sufficient power to move
the ROV (REDARC Electronics). The
proposed slimmer and much lighter cable
should provide a fundamental competitive
advantage in handling and speed. This
approach is not novel in the realm of in-
dustrial surveying ROVs, but is believed
to be an under appreciated approach to
lessening the supportive equipment to
power and pilot these smaller systems.

STAY TUNED!
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Cooling off on a hot
day at the pool.

2021 International SeaPerch Challenge

ACKNOWLEDGEMENTS

The team would like to take this oppor-
tunity to acknowledge all of the support
received this year.

First of all much appreciation needs to go
out for coach Jim. This year was full of
challenges that required a lot of planning
and coordination for building and test-
ing the ROV. Mr. Hughes made sure time
was used wisely, especially pool practice
time and meeting deadlines for regional
competitions. Coach Jim also purchased
a 3D printer and filament for the team,
enabling the team to design and produce
parts in-house.

Mr. Herren provided the team with
much needed technical expertise. Mr.
Herren built the 3D printer that was
purchased and he is called on regularly to
help troubleshoot during the learning pro-
cess. He also served as a sounding board
for bouncing off electrical and mechani-
cal ideas and questions. Mr. Herren also
provided CNC support to prepare carbon
fiber frames. The team certainly would
not have been able to accomplish as much
as it has without his generous support and
time.

The team would like to thank Uncle
Rick for allowing use of his swimming
pool to practice and test ROV concepts.
There have been plenty of concepts and
modifications to test and Mr. Hughes was
kind enough to accommodate a schedule
which included evenings and weekends.
In exchange for using his pool, the team
offered to do the pool cleaning throughout
the season.

The team is continuously looking at new
and different ways to meet the challenges.
They are constantly researching differ-
ent fabrication techniques and materials.
The friends at ACE Hardware were an
invaluable resource in helping find unique
and specialized hardware, tools, materials
as well as a source of basic knowledge
and alternative or more cost effective
methodologies to achieve the objectives.
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The Wahoos are fortunate to have had
the experience and knowledge of Rich-
ard Hughes (Grandpa) to turn to for
the tough questions. Mr. Hughes is a
retired electrical engineer who worked
for the Naval Surface Warfare Center
Carderock Division. Mr. Hughes’ back-
ground includes computer design and
electronic testing and support for subma-
rine and hovercraft platforms, as well as
the research and development of stealth
propulsion operation for naval ships and
submarines.

Of course the team owes a huge debt of
gratitude to Mrs. Lawless, who was
the team’s robotics teacher and coach

in 7th grade. Mrs. Lawless introduced
the team to underwater robotics and led
the team to its first national competition
appearance at LSU. She had to leave

the program the following year, but her
confidence inspired the team to start their
own team, and with the exception of the
2020 season, they have participated every
year since.

To meet a challenging schedule and travel
constraints this year, the team had to
reach out to multiple SeaPerch organiz-
ers to find the best opportunity for the
team. A broad reaching thank you is also
extended out to all of the Regional and
National SeaPerch staff and volun-
teers that answered all of the questions
and helped to plan and prepare for com-
petition. There are too many to mention,
but each one deserves recognition.

Finally, the Wahoos would like to extend
their appreciation to the staff at Florida
RC Outlet, the local hobby shop. They
helped out numerous times with tough
questions, hard to find parts and last min-
ute ideas to keep things going.

One page is not nearly enough to thank
all of those who have supported and
inspired the team over the years. Once
again, acknowledgement goes out to all
those who generously provided their
much appreciated time, support and en-
couragement received this year. Waterway
Wahoos couldn’t have made it this far
without all of you.

TEACH*BUILD *BECOME

WATERWAY WAHOOS
Team HS-301

page 6



LLOLULOLLOLELOLLOLELOLOLLEBLEY

ENGINEERING DESIGN Technical Design Report WATERWAY WAHOOS

Team HS-301

3 MAY, 2021
REFERENCES

Chakraborty, S. (2019). Introduction to Submarine Design. Retrieved from Marine

Insight website: https:.//www.google.com/amp/s/www.marineinsight.com/naval-archi-
tecture/introduction-to-submarine-design/

Covarrubias, E. (2021). 5 Best Practices for Marine Propeller Design. Retrieved from

Metalphoto of Cincinnati website: https:.//www.mpofcinci.com/blog/best-practices-
for-marine-propeller-design/

Grifflyer. (2017). How do | wire 4 ESC’s into 1 channel? Retrieved from Flite Test Fo-
rums website:_https:/forum.flitetest.com/index.php ?threads/how-do-i-wire-4-escs-into-
1-channel. 35084/

Lovell-Smith, H. (2013). How to calculate wattage (watts). Retrieved from Reduction

Revolution website: https:/reductionrevolution.com.au/blogs/news-reviews/57785605-
how-to-calculate-wattage-watts-apparent-power-vs-real-power

Manishearth. (2012). Preventing leaks in motor shafts for underwater bots. Retrieved
from Robotics Stack Exchange website: https://robotics.stackexchange.com/ques-
tions/150/preventing-leaks-in-motor-shafts-for-underwater-bots

Mraz, S. (June 12, 2014). What’s the Difference Between Yaw Pitch and Roll. Machine

Design. Retrieved from http.//machinedesign.com/enqgineering-essentials/what-s-
difference-between-pitch-roll-and-yaw

REDARC Electronics. (published date not listed). How to calculate voltage drop in a

copper wire. Retrieved from https://www.redarc.com.au/how-to/calculate-voltage-
drop

Reichow, S. (2019). Prop School - Part 5: Blade Efficiency. Retrieved from Mercury
Racing website: https.//www.mercuryracing.com/prop-school-part-5-blade-efficiency/

SeaPerch. (published date not listed). 2021 National SeaPerch Challenge. Retrieved
from http://www.seaperch.org/seaperch_challenge

Stanly. (2014). Repairing a Small DC Electric Motor. Retrieved from Instructables

website: https.//www.google.com/amp/s/www.instructables.com/repairing-a-small-DC-
electric-motor/%3Famp_page %3Dtrue

Valenzuela,Elvia. (February 1, 2019). Explore to Flight: Educators Launch a Lunar
Buggy Through the Engineering Design Process. Retrieved from _https.//www.
nasa.gov/feature/explore-to-flight-educators-launch-a-lunar-buggy-through-the-engineer-
ing-design-process

2021 International SeaPerch Challenge SeOperCh‘Q page 7

TEACH*BUILD *BECOME



LLOLULOLLOLELOLLOLELOLOLLEBLEY

ENGINEERING DESIGN Technical Design Report WATERWAY WAHOOS

Team HS-301
3 MAY, 2021
APPENDIX A BUDGET

Materials included in the stock SeaPerch

kit are not counted towards the budget

and not shown in below. Material receipts

for cost verification are available upon

request.
Controller
Signal Wire Adafruit Servo operation 60 feet $2.00
Servo Tester Hobby Lobby Servo operation 1 ea $3.99
Voltage Regulator 6.0V Digikey Servo operation 1 ea $2.54
ROV
Micro Servo Hobby Lobby Operable attachment 1 ea $9.98
ABS 3D Print Filament ebay ROV frame 28 gram $1.40
Speed Propeller (L & R) ebay Propulsion 2 ea $1.24
Stainless Steel Screw 2-56 Ace Hardware Parts assembly 16 ea $1.28
Float (plastic tube) Michaels Buoyancy 2 ea $0.30
4-40 Slip Proof Nut RC Outlet Propeller attachment 2 ea $0.28
Female wire Connector ebay Battery connector 2 ea $0.26

Note: All costs are shown in US dollars.

Some components

or materials were
purchased in larger
quantities to reduce
individual cost per item

2021 International SeaPerch Challenge SeOperCh‘. page 8
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