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ADAM CULBERT TEODORA MILDS ADITYA KONDAPURAM  EVAN KINSMAN
FQ/EGQ.'GNGEVTKECN EQ/EGQ.'CUUKUVCPVE  EJKGHRTQITCOOGT.  EQPVTQNU[UVGOU:
GPIPGETTQXt  RTQITCOOGT! RINQVE GPIKPGGT "CULKUVCPVE
FGUKIPGT GRADE 12, PVEC GRADE 12, PVEC RTQITCOOGT "RINQV:
GRADE 10, PVEC GRADE 12, PVEC

ELI LANGILLE CIARAN O'BRIEN CYNDEYR LAVANDIER BYRON BUTT
EHO.RTQRDWINFGT .t CUUKUVCPV: RTORDWNFGT! OGPVQT 'UNRGTXUQT!
CFOIPYUVTCVIXG!  RTQITCOOGT'EUQS  GRADE 3, BJHS SSRCE

CUUKUVCPY OKETQ/TOX!

GRADE 11, PVEC UWRGTXKUQT

GRADE 12, PVEC

Front L-R: Eli Langille, Aditya Kondapuram
Back L-R: Teo Milos, Evan Kinsmen, Adam Culbert, Ciaran 0'Brien
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South Shore Robotics, located in Bridgewater,
Nova Scotio, Conada has constructed the S5
ENTERPRISE, an ROV designed to meet the needs of
the Eastman Company of Kingsport, Tennessee.
This Fortune 500 company has issued a request for
proposals (RFP) for o remotely operated vehicle
(ROV) and crew that can operate in the freshwater
environments of Boone Laoke, Boone Dam, and the
South Fork of the Holston River. Specifically to
complete tasks reloted to (i) ensuring public
safety, (i) mointaining healthy waterways, and
(iii) preserving local history of the Civil War ero.

Our ROV has been specifically designed to inspect
and make repairs to the Boone hydroelectric dam,
monitor its water quaolity, determine habitat
diversity, and restore the fish habitat of the South
Fork Holston River, as well as recover Civil War era
cannons while marking the location of unexploded
cannon shells in the freshwater environments of
Boone Lake, Boone Dam, and the South Fork of the
Holston River.

In our third vear of designing and constructing
ROVs, we have been able to apply much of what
was learned in our first two years to improve on
our products design and functionality.

Our focus this year has been on constructing an
ROV that improves upon our first two attempts in
as many areas as possible.

Our first improvement over last year's ROV was to
redesign our frame to be strong and lightweight
while improving buoyancy. Our carbon fibre and 30
printed frame is extremely strong, lightweight and
allows for the installation of accessories.

Another area where our ROV struggled was in
thruster power. This year, we have equipped our
redesigned ROV with four T200 thrusters for
vertical movement, and two TI0OO thrusters for
forward/backward movement. The S5 ENTERPRISE
provides the operator with four comera feeds,
illuminoted with bright lights, to ensure the
operator is oware of their surroundings. Our
current ROV is also controlled

digitally with an XBOX controller, o Raspberry Pi
Jb+ on-board computer with Adafruit PWM Servo
Motor Hat. This affords a greater degree of control
for the operator on the surface. Our programmers
have developed a robust delivery system that
allows for pitch, roll, yaw, and other unique
movements of the ROV.
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We collaborated with STELIA North America Ltd of Lunenburg, Nova
Scotio to construct o strong, lightweight, carbon fibre frame. The
frame is made from ten layers of carbon fibre sheets which were
stacked in o pattern with the fibres at 45 degree angles to one
another. The raw carbon fibre was baked overnight in a kiln and
then milled with STELIA's equipment. Further drilling and sanding
were done by South Shore Robotics.

The frame provides room for electronic components and six motors. A parking garage at the base
allows for the addition of micro-ROV components. We designed the ROV to protect the electronic tube
on the inside to reduce the risk of domage resulting to leaks. The ROV is also designed to be easily
transported without problems. The addition of handles allows the ROV to be easily taken in and out of
the water.

@

Vv gt

The tether consists of " " air compressor hose (used to provide air to our variable buoyancy
system), two CATB ethernet cables (for power delivery to cameras and lights os well os transmission
of data to the Raspberry Pi 3b+), and the power cable from the MATE Pufferfish Kit (re-used from lost
year's ROV). Enclosing the tether is o 1" expandable plostic sleeve for odditional tether buoyancy.
Some pool noodle support provides aodditional flotation. The tether sleeve keeps all of the crucial
communication and power lines to be neatly assembled in one seamless cable.
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Neutral buoyancy is a vital aspect of the ROV's stability
as it allows the ROV to remain stationary and level once
underwater. To maintain neutral buoyancy throughout,
flotation material is evenly distributed within the frame.
This was achieved with o small amount of architectural
buoyant foom centered below the electronics tube as
well as two 2" PVC tubes with end-caps, and” " PVC
tube connected to o~ " oir hose, where air can be
pumped to create o variable buoyancy tank.

The housing for the electronics is naturally buoyant, being mostly filled with air. Because of this, the
tube is centred in the frame to maintain a centre of buoyancy in the middle of the ROV. Weight
distribution is also important when creating an ROV that is neutrally buoyant underwater. The motors,
manipulator, cameras and lights are placed in identical positions on either side of the ROV to create a
centre of mass that is near the centre of buoyancy of the ROV. To carry heavier payloads, o hook is
mounted on the underside of the centre of mass to avoid tipping when moving objects.

Rtqrwnukopt

The SS Enterprise uses four Blue Robotics T200 thrusters to move vertically in the water column.
Another two T100 thrusters from Blue Robotics move the ROV horizontally. The combination of all
motors allow the pilot to pitch, roll and yow the ROV when completing complex tasks. These motors
offer o great amount of thrust, yet were limited to avoid drawing too much power and ensure that our
ROV meets the power and amperage guidelines set by MATE.
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The manipulator is an essential part of an ROV's design. We needed to design a claw that would allow
us to have o good grip on differently shaped and differently sized objects underwater. The manipulator
also needed to be strong enough to lift certain objects underwater, and it had to close and open quickly
enough to accomplish tasks in o set amount of time. Our newly-designed claw uses a waterproof
linear actuator motor (seen to the left), controlled via Adofruit Motor Hat on our Raspberry Pi3b+. This
motor provides up to 180 Ibs of force. The 3D printed claw is located at the end of the actuator.

Ecogtcu

To accomplish tasks underwater, an operator on the surface must
have good visibility of the ROV's surroundings. To achieve this, 55
Enterprise has four wide-angle and low-light cameras positioned
around its frame. Together, they provide a view of the main
manipulator, underside hook and general surroundings of the ROV.
Camera feeds are transmitted back to the surface via a CATG cable
and then into o video split screen box(multiplexor). This allows the
operator to view all camera feeds simultaneously. The advantage of
using analog cameras and signal is there is little latency providing the operator real time video.
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