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ROV  (Suijin)

Abstract

The 2009 Marine Advanced Technologiducation ROV competition
focuses on a submarine rescue training exercise. There are four
tasks outlined for the Ranger class, each providints own challenge.
Our ROV was designed to carry otliese tasks with precision and

agility.

The team spent numerous hours planning, building, and field testing
‘ our ROV. We had to bprepared to combat technical problems and
A Ak : ' N overcome the challenge of differing opinionsDue to the diversity of
the tasks, Suijin had to be very well designed. This required the
creation of a rigid frame, useful end effectors, and a versatile

AW/
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ORIGINALSUIJIN ARTWORK propulsion system a form of buoyancy, effective sensors, and proper
?\TAREATED BY TEAM MEBRJADE  wiring were also necessaryThere were many ideas to consider and
0SS . .
obstacles to overcome, but finally, we completed our masterpiece.

Heritage Robotics is very pleased to present the following technical oep which
communicates the details of Suijin, a remotely operated vehicle, created by students from
Heritage Collegiate, Lethbridge, Newfoundland, CanadBhis document includes: detailed
descriptions and diagrams of Spravgmentsétreuble o mp
shooting techniques; the lessons we learned; the challenges we faced; information on the
Submersible LR5; reflections; a thorough budget; and acknowledgments of all those who
helped along the way.
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Vehicle Systems

With past experience in mind, the team focused on two goals throughout the entire process:
simplicity and originality. We felt that constructing parts that were S|mple yet effective,
would reduce the chance ofailure. ‘

Our robot contains original concepts andnique designs such as a
frame that is made into a box shape It has two open ends for the
purpose of reducing dragand is completely constructed of LexanWe

chose Lexan as it provides aturdier more rigid buid than PVC piping

and is less expensive than molded plastics.

OPENENDED BOX SHAPE FRAD

The shape of its controlleris another creative design that allows Suijin to maneuver with
ease. Ourcontroller isstructured and moldedto ourp i | lahd8. sThe cotrol outlay, which
contains twoway momentary switchesisposi ti oned so that al | C
fingertips. Unlikepast years,we constructed our controller fromaluminum as opposed to
Lexan, as it provide strength and resistance

The end effectors on our RV were constructed from simple andoriginal parts such as
pieces of aluminum to provide optimal rigidity. We also utilized a release mechanism that
allowed us to separate the air supply from our ROV.

The teamincorporated many other unique designs intous ROV.For exampleour propellers

are made from custom mahbined cylindical brass stock we al so maxi mi zed
safety by handmolding Lexan into sqare guards for these propellersand the buoyancy was

cut from high density Styrofoamvhichwas specally shaped with a point at the front to allow

less drag and maximize speed.

SUBSYSTEMCHEMATIC OCONTROLLER

0 N |




Design Rationale

A design was required that would allow Sunjto travel and maneuver easilyhile performing
the assigned tasks. With this in mind, we planned six main components in great detail:
frame, propulsion, buoyancy, sensorselectronics, and end effectas. Each of these
components had tocomplementthe others to produce a functional design.

Frame

After deciding to construct a completely new robot, as opposed t
using the one from previous years, we considered changing th
shape of our frame. Howevelithrough many hours of discussio the
group decided to stay with oucustom openended box shape. Our
structure is approximately 45.7cm x 41.3cnx 24.9cm; we chose
these dimensions to provide maximum maneuverability while sti
providing sufficient space for end effectors. LEXAN FRAME

This frameappears simple but satisfies all of our requirements. It both reduces drag and
provides easy access to the ROVOs i nterna
shooting. During forward motiorwater passes completely through the hull with virtually
uninterrupted flow. In additon, the two vertical sides acts a keel sustaining straight motion

while the horizontal top provides stability and maintains level flight.

Lexan was chosen as the building materi@decauseit is strong and sturdy, but carbe easily
bent and molded with the application of heat. We decided to use a thicker Lexan of 0.2cm
as this resulted in a more rigid and robust structureMoreover, the team drilled holes in the
top of the frame to allow water to pass through freelyThisincreased the rate at which the
ROV could dive and surface.

Buoyancy

When designingthe buoyancy systemour goal was to make
Suijin neutrally buoyant and stable underwaterusing the
simplest method possible. Irpast years, we havefound high
density Styrofoam very effectivsince it compresses very little

o

as the ROV submergesWith this inmind, we decided to utilize %
this form of buoyancy. The size of the Stfoam was 5
determined using the formula ofdensity, gravity, and volume 5
as well as trial and error. After much practi@, we were <=
pleased to find that aur buoyancy seemed to be stable at any (,5—)
COMPLETED BUOYANCY depth. -
We customized this material to increase the ged of our ROV §

O
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by making simpleand original changes. TMe foam was cut into a retangular shape and
then trimmed to a point on one end to keep water resistanca a minimum. It is held to the
top of our R using two Lexan brackets. Milghositive buoyancy was given in case of
mechanical failure This positivity was positionedowardsthe front of our ROVso the weight
of the pods would not affect buoyancy.

Propulsion

The propul sion was modeled after an ocean
from 5000L/h Johnson bilge pumps. The team had to remove the bilge punfusing,
attach propellers to the end of the prop shafts, and then attach these shafts to the motors.
Each motor exerts a force of approximale 7N and draws 1.3A of currenbut of water and
2.8A in water. A bollard test was used to determine this infoation. Toattach these
motors to the RO\&ach motor was first faced inside a short piece of 3nch PVC pipe. This
pipe was then glued to a plastic bracket and thset screws were tightened to msure the
motor would not shift. The motors were then atthed to the frame of the ROV using
brackets held by bolts.

The group decided to use four vertical motors to gy T—

provide sufficient lifting force and speed. These -+ l
were distributed throughout the ROVaosthere are

two motors oneachsi de. This al
center of gravity to be at the structural center. Four
horizontal motors were also used to allow the ROV
to move swifty and accurately in water with
increased maneuverability. These were positioned
at each 0 $ insideh aorneiR @oV [@rovide
balance and stability. PLACING THE MOTORS

Our propellers were chosen based on several important
factors including diameter, pitch, weight, price, and
availability. To determine how they would affect the overall
mission performance a series of investigations and bollard
tests wereadministered The diameter of the propeller blade
had to exceed that of the motor to pduce sufficient thrust.
The pitch of the blade, which depends on the diameter and
the rotational speed ofthe motor was also an issue. The

MoToR PROPELLERAND PROP SHAFT  propellers were selected to provide considerable thrust

without drawing t oo muc honsstwffourptastic bladeSthat are n 6 s

70mm overall in diameter. When the propeller rotates, the circle created has the same
diameter. The pitch is 35mm, when no slip is assumednd this causesthe ROVto move
forward 35mm for every full rotation of thepropeller. The rake (the degre®f the blade
slant forward or backward in relation to the hub) is 20 degrees and the ROV has a 5mm




female brass insert head. The propellers are lightweight and thin, whighoptimum for
higher speed applications This enables our ROV to complete its missiongjuickly and
efficiently.

To attach the propellers to the bilge pump motora shaft was machined froma brass rod.
The shaft consists of a 5mm male brass head and attaches securely to the motor using a
brass set sgcew. Brass was used to avoidorrosion of the shaft.

Sensors

There are three sensors present on our ROVhe camera, the
voltmeter, and the ammeter. The camera is used for underwater
navigation. Sui j LICADW/GOC suppliee byalightss SN
Camera, Action. It has a highly sensitive caolo module that
requires only 0.0001 Lux. Itis equipped with seven built infra-red
LEDOs -semsiive toR®r reproduction. The LCA7700C has a

)

horizontal resolution of 380 WV lines, an imager with 1.8cm colar
CCD, a picture element of 290,000 pixels and a video output of 1
p-p obm composites. A 12V DC power source with a tolerance ofl®% volts is required to
operate this camera. It uses a 3.6mn®2 degree lens and has adepth of 33 meters.

\CAMERA IN MOUNTED POSON
v

We chose this camera because of its amazing qualiand user friendly features. It has a
wide angle, it is lightweight, and it has a complete waterproof design. It also exhibitbva
and vivid picture quality with builn video erhancing technology and has been specifically
placed near the back of the ROV so that no obstructions impair the vision of the camelta.
is angled slightly downwardo provide the driver with a maximum viewing of the payload
tools and slightly below theROV.

After choosing the camera, the next task was to determine where to
mount it on the ROV. We knew how important its placing would be,
so we strategically placed it tdimit obstructions. As a modification
from | ast ,weeeducédsthe anglb attwhich our camera
was tilted and moved itfarther back This also provides the driver
with optimal viewing area as well as a betteview of the payload

tools.
. (o))
WE ADJUSTED THE CAMERANGLI Tha yoltmeter, which measures the voltageof our ROV helps us S
SEVERAL TIMES BEFORBDING TH . . N
CORRECT POSITION monitor the status of the battery or troublshoot any electrical ro
problems. Our third sensor is an ammeter. This allows us tow©
measure the ampeage drawn from our power sourceand ensures we do not exceed <
MATEOGOs amper ag eThisipatsapladed on tne contraller forthe pildi s .u s e 3
>
0
ad
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COMPLETHEELECTRONIGCCHEMATIC

TETHER INSTALLATION achieved through afiller located within the teher which eliminates air and

Electronics

Hectronic design is an

important aspect ofany ROV
Our ROV fequires electronics
to operate its motors, receive
input from sensors and send
control signals. Itis critical

that our electrical system be
efficient and designed to be
used safely in water. With
this in mind, the team

designed and built an
efficient electrical system.

Tether

Sui jinds t et hiees,oreofiwhichi ns ni ne

is a coaxle cable used for the camera, while the

other eight are used for the payload tools and

powering motors. It measures 11.27m in length

and is neutrally buoyant. Thisbuoyancy is TETHER CROSSECTIONAL VIEW

causes the tether to be othe same net density as water. The tether also has
a polyurethane coating that protects its managers from electric shock.

Controller

The electronic navigdbn controller consists of three doublgole,

doublet hr ow momentary switches which control
also includes one single action momentary switch which controls our

payload release solenoid. A master switch is incorporated which cuts

all power to the ROV in emergency cases. The casing is constructed of

0.25cm aluminum diamond plate. It was designed and tailored to fit

the pilotds hands and all ows mQUUEEqONTRBLqERéND¢§R\‘7\PFATEE(:

The switch layout was tested and found to allotthe precision control
necessary for the movement of our ROV. This design was preferable to proportiooatrols
because it isvery reliable and lowmaintenance.





































