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Abstract

Triton VII (fig 1) is the newest Remotely Operated Vehicle (ROV) from the 45C Robotics
team, optimized for maximum underwater maneuverability, efficiency, and
cost-effectiveness. The robot is designed to (1) locate the wreckage of a vintage aircraft
and return its engine to the surface, (2) install an ocean based seismometer (OBS), and
(3) install a tidal turbine and instrumentation to monitor the environment. To accomplish
these tasks, our ROV is equipped with two claws—one directed forward and another
directed downward—along with a piezo buzzer to activate the acoustic sensor within the
OBS to release it from the weight.

45C Robotics is from the California Academy of Mathematics and Science (CAMS)
located in Carson, California. We began our endeavour into the MATE ROV Ranger
competition as an independent club for the first time last year, and have worked
diligently to overcome the minimal support provided from our school. 45C Robotics has
eight team members, each specialized in a particular field, in order to challenge the
limits of what an ROV can be. Our team has pushed through difficulties with a positive
team culture for nine months to create an ROV that lives up to the Triton name.

Figure 1: Triton VII during construction
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Theme Significance

The objectives for this year's competition include aircraft recovery, earthquake
detection, and energy generation. The applied physics laboratory at the University of
Washington is currently requesting proposals for an ROV that can operate in the Pacific
Northwest in both salt and freshwater. This ROV needs to be able to locate an
underwater aircraft wreckage, install/recover a seismometer, and install a tidal turbine to
monitor the aquatic environment.

In the Pacific Northwest—more specifically at the northwest part of Lake
Washington—is the Sand Point Naval Air Station. This air station has seen many
takeoffs, and almost all of them have been recorded. However, recent information has
shown that a series of test flights conducted were not all successful. Presumably, many
of these planes crashed due to pilot or system error, and are currently at the bottom of
Lake Washington. ROVs are needed to search, find, and identify these lost planes,
because these planes represent a part of history, and their contents can only be of use
if they are recovered and placed in museums.

The Cascadia subduction zone consists of a tectonic plate that stretches from
Vancouver to the northern part of California. Processes in this zone include active
volcanism and deep earthquakes. These have the potential to be very harmful to us, as
seen in the volcanic eruption of Mount St. Helen, which killed over 50 people. This plate
also has the potential to cause an earthquake that can reach up to a 9.0 on the richter
scale. Researchers are pushing to install a series of OBS’s in the ocean to monitor the
seismic activity, so that we are better prepared and do not experience the same
casualties caused by the volcanic eruption of Mount St. Helen. In order to do this, ROVs
must be sent under water to retrieve the OBS’s. The ROV’s operation will also include
disconnecting the OBS’s from their respective power sources, and bringing them up to
the surface.

Washington State and other government agencies are currently researchlng the use of
underwater turbines as a potential energy source.

Many different devices need to be installed in
order to see if turbines are viable. These devices |
include an I-AMP and a ADV. The I-AMP will be
installed in order to measure the tidal velocities
and the environmental impact of the turbines. The B&&
ADV will be installed in order to monitor to water
velocities, so that this data could be compared
with the [-AMPs. Finally the ROV will also need to
recover and transport eel grass samples for
analysis and to replenish any areas that were
disturbed the turbines. Figure 2: Washington Lake




Company History

45C Robotics is a rising competitor in the MATE ROV competition. While the California
Academy of Mathematics and Science (CAMS) ROV team operated as an elective
course in previous years, last year we branched off as an individual robotics club. By
becoming a separate entity from the school, as opposed to a required class, we became
comprised of only the most passionate engineers, marketers, and programmers to
ensure success (Figure 3). Although the CAMS ROV teams had continually placed
nearly last at regionals every year, the 45C Robotics team not only advanced from the
regional competition, but also ranked 16th out of 40 competitors in the 2017 MATE
international competition within the first year of operation.

Moreover, we were awarded the safety consciousness award for our stellar safety
measures, including a safety checklist that was followed before any procedure.
Alongside 45C’s rapid growth, we have experimented with numerous organizational
structures, and are currently using the most effective system we’ve found. 45C Robotics
utilizes a flat company structure to minimize bureaucracy and maximize efficiency. We
have a Chief Executive Officer (CEO) and a leader in each subsection (e.g. Electrical,
Mechanical, Programming, Finance, and Machining) to keep all team members focused
and generally informed through the chain of command.

Instead of designating specific tasks for every team member, each person decides his
or her own projects to work on and enlists the help of peers accordingly. Each subteam
works independently, but retains close communication with the leaders and the rest of
the members. This gives team members the opportunity to receive feedback without
leadership micromanaging details. Each sub-leader takes charge of specific area of
communication and development (e.g. creating a parts list, finding sponsor contacts,
etc.) and helps guide each sub-team to complete major tasks (e.g. designing and
fabricating the control box) in an organized and timely manner. This organizational
structure promotes productivity by creating a safe space for the blooming of ideas
assisted by constructive criticism, which has allowed us to create an efficient robot.

~ Figure 3: 45C Robotics Team Picture

' Left to right, top to bottom

| Isaac Addis 019 - Programing Lead

. Marcelo Cubillos 019 - Machining Lead

| Jiajer Ho 019 - CEO and Electrical Lead

' Brad Biscochoi 19 - Mechanical Lead
Etisone Escamillaj 18 - Mechanical Engineer
.~ Celia Yub 19 - Mech Co-lead

| Victor Zuletad 20 - Programmer




Scheduling and Project Management

45C Robotics began meeting during the summer of August 2017 and met every week
for a total of 150 hours. During the school year we met every Sunday for 4 hours. As we
approached the competition, extra meetings were scheduled to meet deadlines. In order
to ensure our team had plenty of time to complete and practice with our robot, we
implemented a strict attendance policy: every team member was required to attend at
least 80% of all meetings. Additionally, to ensure every team member fully understood
the ROV as it was updated, the CEO hosted info sessions to inform everyone about the
latest upgrade of the Triton VII.

Prior to any meeting, each sub-leader would write down what needed to be
accomplished on a to-do list to stay on task and complete projects on time. At the
beginning of meetings, we would talk about what had been accomplished previously,
and what was to be done next. Then, we would split into small groups (2-3 people)
based on interest. These groups mingle and switched members throughout the year as
every member became involved in multiple aspects of the ROV, helping every member
understand every component.

After every meeting, sub-leaders would state what was accomplished, what needed to
be done in the next meeting and updated the to-do list accordingly. The to-do list was
shared with every member to ensure everyone knows the current pace of progress. As
a team, we finished the robot by April to ensure an ample amount of time for pool
practice. As we approached even closer to the competition, meetings became more
frequent and longer to allow time for troubleshooting, pool practice, technical writing,
and presentation practice.

Figure 4: Timeline of significant milestones in the process of building Triton VIl

Milestone Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Establishing the team for this season

Figuring out the control box with advancements

Finnces from Jet Brains / Sparkfun

Prototype Triton VI out of PVC

Deciding to Include On Board Electronics

Including GUI and Computer Into control box

Included Vision with the Cameras and Servo Motors as Claws

Builing of Triton VIl out of HDPE from Plastic Depot

3D Printing Motor Mounts / Shrouds

Getting the On Board Housing to have sabalize Pressure

Tritons Fist Full Test Run

Sabalized Bouency on the Entire ROV with Bolts

Tritons VIl Vision and Claws are working

Not Complete

In Progress

Complete




Safety
A. Safety Philosophy

Safety is our number one priority at 45C Robotics. We identify all possible risks to the
robot, team member, or tool, and take the necessary precautions to insure our 100%
safety guarantee. We have a strict set of rules to maintain the company’s safety for the
poolside and development area when working on the robot. Safety masks are used
when applying epoxy to components, or when cutting dust-releasing materials. All
members are required to wear safety goggles at all times when performing actions
potentially harmful to the eyes, such as soldering or cutting. The locations we build in
are equipped with mobile Carbon filters, which are utilized to fan out any potentially
hazardous fumes. Additionally, all locations are stocked with nitrile gloves for the use of
potentially hazardous materials such as epoxy. 45C Robotics constantly maintains the
healthy environment of all work places utilized by taking 10 minutes before every
meeting to completely clean up the surrounding areas. Cleaning up before construction
allows for any clutter to be removed, allowing us to find tools faster, and with less
tripping hazards. After every meeting, 30 minutes are taken to clear debris from
construction or testing. Doing so ensures a healthy relationship with the locations’
maintainers (often parents) to ensure we have a place to work on the ROV. In doing so,
we also keep a positive relationship in case sudden meetings are required to use the
venue.

Additionally, 45C enforces various safety measures throughout the manufacturing
process of the robot. For example, it is required that all team members adhere to
clothing requirements during power tool operation. Clothing requirements include
keeping all loose hair tied, no loose clothes, and further machining level standards.
Team members are also required to wear safety goggles, and in some cases gloves
when using any chemicals potentially harmful to the body. In addition to the MATE
Safety Guidelines, 45C Robotics has adopted an additional safety checklist to be
observed before and after each water test of the ROV, as shown in section D.

B. Safety Features

Triton VII was developed with an emphasis on safety. “Dry runs” were held periodically
to ensure the mechanical and electronic components were working properly before
testing the robot underwater. This year, we have integrated the safety checklist into the
control box, so that the ROV will not start until all items have been checked (Figure 5B).
By doing so, any accidental usage of the ROV underwater while malfunctioning is
greatly minimized.

In order to ensure the safety of any organisms near the ROV, we also developed
mechanical measures to prevent damage. All sharp edges were deburred, so that no
organism can be accidentally stabbed when in proximity of the robot. Additionally, the
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