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ABSTRACT

ThisbeingErid® [ F YO SNII w2 06 2 (i dodpeting & theYMARE ( K A NR
Internationalcompetition,we began this year by assessthg previous® S | dédpa. We
decided to reuse the main Lexan frame of Rs$ I rdkidtand air goal was tanodify its
componentsto successfullgompete in the Ranger clasit the 200 MATHnternational ROV
Competition. We maintained he rectangular prismshape because frovides us with the
balance and spacaeeded to mount our armsnotors, and other necessapayload tools It
will also be easier in determining theioyancy of the robot and ensuring that it is neutrally
buoyant. We wanted our roboRoseidonto glide through the water as much as possible,
therefore we chose to reduce surface area and minimize resistance by not having a front, back,
or bottom of Lexan. Also the water may flow through the ROV allowing it to move quicker.
Through the use of various components, such as PVCtpipgaps andslotted Lexanwe have
assembledPoseidorio successfully complete the necessary tasks. Our team has behefite
from the assistance of local electri@ald mechanicatnginees, a previous team membeand
our coaches. The following technical report includes a description and photos of the ROV,
challenges we encountered and overcame, lessons we learned, possinie improvements,
adescription of an organization involved with submarine resaue budget, and reflections on
our experience this year.

I Eric G. Lambert Robotics Team 2009 I
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An organization involved withsubmarinerescue

The North Atlant Treaty Organization is an alliance between countries of North
America and Europe and is committed to fulfilling the goals of the North Atlantic Treaty.
Security for all its members is just one of the many things NATO looks after and so it is natural
for them to have developed a Submarine Rescue SysfEme. NATO Submarine Rescue System
(NSRS) is a multinational project and its main goal is to develop an international rescue system
that can be deployed anywhere in the world. NSRS is jointly owned bgefidarway, and the
UK. It consists of two stdystems that can mobilize independently of one another.

Intervention is the smaller subystem which is focussed around the Intervention
Remotely Operated Vehicle (IROV) and can be quickly mobilized ttressiexl submarine to
prepare the site for the much larger Rescue System and provide life suppgtit system
performs tasks that are most like those thRbseidon RO designed to complete.lROV
surveys the site and assesses the damage, which ouri®@Mo capable of doing. It also
provides Emergency Life Saviatpres ELSS), which contain food, water, atmosphere control
equipment, and medical supplies, to the distressed submarie.outlined by the second task
in our missionPoseidon RO®anN transfer ELSS pods to a submarine.

The second sub system, the Rescue System, consists of a free swimming manned
submersible, a Portable Launch and Recovery System (PLARS), a Transfer Under Pressure (TU
decompression system, and other necessary supequipment. It is used to recover the crew
from the submarine by mating with it. Once the pressure has been equalipeid 15 people
can be rescued and transferred to the rescue vehicle including patients on stretchers. This is a
much larger scale vamn of what our mating skirt is designed for.

Figurel Submarine Rese System Figure2 Intervention System onboard ARGONAL
SOURCES:

http://www.armedforces.co.uk/projects/raq3fédac45ad605

http://www.ismerlo.org/assets/INSRS/NSRS%20Factsheet%201lssue%204%201%20lo-
res1l%20 2 .pdf
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DESIGN RATIONALE

FRAME

The frame of Poseidon ROWvas
revised and added to the main frame fro
last year and is constructed from Lexan.
chose this material because it is durablg
lightweight, and sturdy. Living in a sma
isolated communitycreates challenges in
acquiringLexan, therefore it needed to be
used sparingly. Since it is very difficult to
cut Lexan once it has been scored dmaht
into a rectangle,we decided it would be
best to do a cardboard mockup of the RO®
with precise measurements and motor eu
outs so that it could be used as emplate for
OdziiAy3d GKS [ SElIyo ¢2 | O02YY2RI (i &Lekah MJthé K A &
bottom of the ROV with slots to fit over the carousel assembhijnere is a shelf of Lexan
attached inside the outside frame that allowed us to place motors for lateral movement and to
mount one of our camerasAlso Lexan makes it very ga® mount other components, such as
arms made out of PVC pipe.

CONTROL SYSTEM

Figure3 Lexan frame prior to mounting
components.

We modified a tool box to accommodate our
controls. Initially we placed holes in the sides, one for
the tether to enter and connect to all of our switches,
a second to connmg with the power supply, and
another to mount the main switch. Another piece of
Lexan was cut to fit inside the toolbox, so that the
switches could be mounted on top of it with the wires
running underneath. The control box contains four
variable resistes that control the speed of the ROV

TN and four double pole single throw (DPST) switches
for forward, reverse, up, down, left, andght
motion of the thrusters. There is also fush
button switch to control the motor that is
connected to thepipe, which tuns and allows the
release of the ELSS transfer podd/e also wired
in a voltmeter as a troubleshooting mechanism.

Figure4 Open and close view of control k
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CAMERAS

Poseidon RONas two underwater
digital cameras to provide the RO
operators with a clear colored image
One camera is mounteto a Lexan shelf
inside the main frame of the ROV an
points downwards so the operators cair: _
clearly see the slotted Lexan that is use Figure 5 Camera
to pick up the ELSS transfer podshe second camera is mounted on top of the ROV. With this
camera the operators casee both arms, one which is used for the airline and the other for
opening and closing hatches. Both cameras will be used to locate damage points and will help
the operators to see where they are headed.

THRUSTERS

Sevenl000 GPHand three 750 GPImhotors are used so thaPoseidommay efficiently
glide through the water. Four motgrégwo 1000 GPH and two 750 GRifle used for both
forward and reverse movement, with two mounted on easitie of the robot. Due tthe fact
that the motors are not as effient in reverse we decided to mount them backwards to one
another. They are wired accordingly, so that when one motor is in forward it is complemented
by the one opposite of it, which is in reverse. This ensures that when the robot is moving
forward, it produces the same amount of push as when it is in reverse mofiam other
motors are mountedone onthe middle ofeach side near théottom of the robot,which are
used forlateral novement. Four more motors are mounted on top of the ROV for upwards an
downwards movement. In previous years only two motors were used for up and down and we
found that this was too slow To be faster in descending and ascendamgl to increase lifewe
added two extra motors.Each motor has a four blade plastic propellehich was selected
because during our Bollard test the brass
~ props gave a thrust of-1 ¥2 N while the
plastic props produced thrust of about
8N. For safety reasons, each motor is
housed inside an ABS shroud with wire
mesh stitched and epoxyed to the
outside. There is also highly reflective
| tape and danger signs on the shosu

Figure6 Side view of thrusters
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TETHER

The tether used for our ROV is beinSi & = ¢ = =

reused from last year. It is 14m long an ’ b
originally contained ten l§auge wires. In o S
order to accommodate for our camerathere

are two cables attached to the outside of thy
tether with electrical tape. We added 2.°
meters of extra wire to the tether on the enc
that will not enter the water in order to be sure
that it would be long enough. The tether no

meets all of our eletrical requirements and is Figure 7 PVQpipe connecs tether to O\
flexible enough so that it does not interfere witl,

GKS Y20A2y 2F GKS wh=zo CtKS gANBa 2F (KS wh=

tether is connected to the end of this pipe using a compression fithagjcontans an Gring to
ensurethat it is water tight and will allow us to disconctethe tether from the ROV. The
disconnect will be very beneficial because our first competition we experienced many
problems with the size of our ROV during traymcause w O2 dzf RY Qi RA & 02y Yy S
travelling long distances it is essential that the ROV can be disconnected from the tether to
make it much easier for packaging and transporting.

The PVC pipe that houses all the
wires on the ROV has a second purpoke.
is placed inthe centeron top of the ROV
to provide bwyancy. Having read the

Build Your Own Underwater Robete

know that the weight always ends up
below the floats. Since the majority of
the weight of our ROV isnobottom we made sure theipe was centrally located above
everything else. This year we decided it would be more beneficial if the tether was angled
dzLJs I NR& | g1 & FNRY GKS NRo23GT UKSNBT2NBE ¢S
connects ensuringhat the tether will not interfere with the motion of the ROV.

Figure8 O-ring compression fitting

BOUYANCY

Buoyancy is defined as the differenc
between upward and downward forces acting
on the bottom and the top ofan object
respectively. Archimedes Principle states tha
the buoyant brce on a submerged object i
equal to the weight of the fluid that is
displaced by the object. When dealing with Figure9 PVC pipe for flotation
heavy motors and cameras underwater it is very
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important to havea good understanding of these concepts. It is very
important for PoseidorROMhe right amounts of floation in the right
places. To provide overall buoyancy to the robot we have attached two
pieces of PVC pipe, one on each side on top of the rolsair fine
tuning to achieve neutral buoyancy we will be using high densitgnfoa
and small pill bottles with iron washers inside.

FigurelOFine tuning for floatatio

PAYLOAD TOOLSY TASK

Task 1: Survey and inspect the submarine for damage.

To accomplish the first task we will use both of our camdmdocate the damage
points. Our motors allow for a variety ofitferent movements, including forward, reverse, and
lateral motion to either sidewhich will greatly help us in maneuvering around the submarine.

Task 2: Pod Posting.

To complete this task we have bent a
piece of Lexan so that it has only three sides
and extends beneath the ROVAs with the
main fame of the ROV we first usedrdboard
to make this attachment and then used it as a
template to cut the LexanWe cut six slots in
the bottom side of the Lexan, spaced apart so
that we can pick up all fivELSS transfer pods
at once. Across the slots are pieces of large ty
wraps that keep the pods from falling out as
the ROV is maneuvered to the submarine. To
release the pods, which is done two at a time,
the ty wraps are attached to strings of varying

lengths that is tied around a PVC pip&Vith

the push of a button by the operators at the
surfacea windshield wipemotor slowly spins the stick allowing the pods to drop two at a time.
¢CKS @IFINEAY3 fSyadKa 2 aldopalhesie thng andeNBwstinkel 0
for the motor to stop so the ROV can be repositioned to drop the next set of pods.

Figurell Lexan atachment for ELSS poc

¢2 GdzNYy (GKS KIyR ¢KSSf FyR 2Ly (KS KI{iQK

FOGGr OKSR 'y | N¥Y YI R&E pigefanditive@{Bintd N I8¢@ Pidcesdifpipey £
form the length of the arm are connected with thedints and one at the end, while two more
pieces of pipe extend downward perpendicularly. These two perpendicular pieces are used to
turn the hand wheel, by simply descendion top of it, ensuring the pieces are in the hand
gKSStf> YR (GKSyYy Gdz2NYyAYy3I (GKS whz wmMyngod 2 S
opening the hatch, but discovered that when the end of our PVC pipe arm is inserted sideways
underneath the hand whel and the ROV is propelled upwards the hatch comes open easily.
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