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International Polar Year

International Polar Year (IPY) is the largest intgronal program of
scientific research focusing on the Polar Regidihgs program started on
March 2007 and it goes on for 24 months. Therelalbver 60 nations and
thousands of participants from all over the world.

Polar History

The first people that lived in the Arctic were Iadihe Inuit were there long
before the Europeans. Most of the Inuit journeyatwmdocumented. They
had been traveling over thousands of years in Bedrfood and supplies.
Around 330 BC came the first European explorer whas a Greek
navigator named Pytheas. The Norsemen settlectlanid around 850 AD.
Gunnbjorn Ulfsson was the first person to see Gamel but Eric the Red
was the first person to visit and to set up a cpltvere between 982 and
986.

Polar Culture

As the commercial whaling industry and exploratiynEuropeans,
American, and Canadians increased, the Inuit’s o¥diye changed
drastically. By 1960 there were few traditions.|&kin kayaks were
replaced by motor boats. Harpoons and lances eetaaed with rifles. Dog
sleds were replaced with snowmobiles. Snow houses veplaced with
prefabricated houses. They also have new waysteftamment, such as:
televisions, tape recorders, and telephones.

Works Cited
http://www.ipy-api.gc.ca/index_e.html

http://lwww.quarkexpeditions.com/arctic/culture.shtm
http://lwww.allthingsarctic.com/exploration/indexpas



Abstract

When the D.A.R.T. (Dalbrae Aquatic Robotic Team)rfd out about the
M.A.T.E. Remote Operated Vehicle (hereafter refittreas R.O.V.s)
Competition, we were intrigued by this challengat tve hoped would teach
us new skills that we wouldn’t have an opportunityearn otherwise. The
R.O.V. required mechanical innovation in orderamplete three separate
tasks. The tasks included three diverse enviromsrianwhich the R.O.V.
had to function: a current of 0.1 m/s, water terapees of -1 degrees
Celsius (under an ice sheet), and surface wava<limorinated pool. To
complete this project, we used engineering plasss such as polyvinyl
chloride (PVC) to create a light and durable fraiive. had three cameras:
one for wide-angle vision (orientation), one canferased on the gripper,
and the other looking above to focus on the vieerbgad (specifically for
task #3). Our gripper was supported by Plexiglasd,composed of a
clamp, wood, and a pneumatic piston. Our primamygyasource was a
twelve-volt battery. Our mobility system was compa®f three motors (one
vertical, two horizontal), and an inner tube (fariable buoyancy). Our
design is simple, functional and classic.

Frame

When we first began this project, our theoretiedign was quite different
from our final product. All of our designs were gonsed of PVC pipe,
mostly because it was donated to us by the Novae&S€Community College
(NSCC), Strait Area Campus. It is light-weight a@asby to use. Originally,
the frame of our ROV was cumbersome and large, therheight double
the length. The maneuvering motors were situateh@mottom sides of the
ROV, which we found (in the end) gave us the maosbitity. However,
before we decided to go back to the thrust motorthe outside, we
experimented with the idea of having them situaieithe back of the ROV
(to give us better reverse and perhaps maneuvekivg nlso experimented
with the idea of having the thrust motors tuckedrirnthe sides of the ROV,
not protruding out of the main frame. This actuafigde it very difficult to
reverse, and reduced our forward speed. We alyeghaith the idea of
curving the front end of the machine to make it enoydrodynamic, but it
turned out that such a shape obstructed our arnnaae it more difficult
to attach our arm. After much tweaking and expeniaon, our final
machine was similar to our original, but much meifecient and
compressed. The final design is a rectangular pwhinh is simple and easy
to adjust. Our vertical motor is situated in theldie of the ROV, sheltered
by the frame, and giving us the best results wheareting up and down
from the surface. This design also cuts down ofasararea. Our left and
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right motors are situated on the sides, about @m away from the back of
the ROV. They balance out the weight of the armated on the bottom
floor of ROV) and cameras (situated on top). Thearsare situated to have
a center of gravity in the middle of the ROV. Thwizontal thrusting
motors have shrouds surrounding the blades foegtion. This also focuses
the water flow from the propellers, helping ourese movement. Our first
camera looks down upon the gripper, and the secanra is situated on
one of the top PVC pipes for a wide-angle view. @ind camera can see
above or below the ROV. All wiring is attached he sides of the frame to
keep them out of the way, and then join in thedeth the top back PVC

pipe.

Dimensions:

Total side length62 cm

Length sides spilt intd39 cm and 28 cm

Total length of widths33 cm

Centre Pipe Lengths Supporting Vertical Thrustéeenly split 14 cm for
each PVC length, factoringibthe length of the vertical thruster.
Weight: 15.2 kg

Total Height:33 cm

Length of PVC Pipe Attaching Horizontal Motofis3 cm

Control System for Motors and Gripper

To control our three directional motors, we constied an electrical toggle
system to regulate the electrical current for @adtvidual motor. Our
motors were powered by a 12 volt battery, conneateshore by two 22
meter lengths of #18 AWG speaker wires, which haaugh our control
console and 25 amp fuse to the R.O.V. Our continkole consisted of
three toggle switches, which controlled the leght and vertical motors.
Our pneumatic gripper was controlled by a two-wagymatic valve, which
permitted the gripper to remain in either the openlosed position. The air
supply consisted of an 18.9 liter air tank, withievhthe operator could
control pressure by an air regulator. The entirgrobd panel is integrated
into a suitcase for facility of transport, and@bles in the tether are
completely detachable from the control panel.
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Pneumatic Controls
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Propulsion Motors

Three Sevylor 12 volt boat motors make up the psypa system. Each

motor weighs 1.8 kg, for a total of 5.4 kg. Weialdly wired the motors so

they always went on high speed but changed itep ¢hn run fast or slow,

to allow for a slower approach to the target. Theganspins at 3580 RPM.
With no load, each motornvasal. 75 amps.

Current Draw

All motors 18.87 amps

Left motor 6.40 amps forward 6.35 amps reverse
Right motor 6.23 amps forward 6.25 amps reverse
Vertical motor 6.24 up 6.49 down

The two horizontal motors are positioned parabahie length of the
R.O.V.’s structure. The two thrusters are suppobotethe frame and placed
outside of the frame. See picture below for vieve kéve placed shrouds
around the props to afford them better protecfidre shrouds had an added
bonus of increasing reverse speed by approximatehb. The propeller
blades for the vertical thruster were heated amd foea greater pitch. This
increased the upward thrust. The vertical prop&l@oused inside the
frame, providing the blades with some measure fdrde from loose cables
and ice. All motors were attached with lengths k@&iof PVC pipe, screws,
glue and T-connectors. The position of the horiabmtotors allowed for
maximum maneuverability. Once we achieved neutraiyancy, vertical
motion was smooth and quick.
Forward speed was recorded as 0.51 m/s
Downward thrust of 10.0 newtons

Forward thrust of 24.5 newtons

Reverse thrust of 6.0 newtons

Motor plus shroud



Gripper

We knew that we would have to design and build ssaneof device that
would allow us to grab or manipulate objects. Qutral plan was to
purchase a fully functional arm, but after spendiageral hours searching
the web, we could not find anything to fit our ne€d.g., inexpensive and
functional). So back to the drawing board we weitgre we decided to
create our own arm. We spent several weeks onirstipfototype trying to
construct it and get it working to our specificaso It was to be constructed
completely out of metal. We were unable to makefiosirdesign work the
way we wanted it to. This was due to the difficudfyprecise machining that
was involved in this project. Then we came up wittmuch simpler solution;
using a Master Craft clamp gripper. This deviceigioal function is to
secure materials to the work bench and hold thepfeice tightly. We
removed the locking mechanism found on this gripged cut a hole in the
left handle where the cylinder was later attach@&k filled the gripping
mechanism with hardwood, in which we drilled a heleere the wood came
together, at a 45 degree angle to facilitate tmellvag of the hot stab in task
#3. The left handle was securely attached to eepéplywood on the
prototype, and later replaced with Plexiglas for mal product. The
Plexiglas was chosen for a number of reasons;sttveensparent, and fairly
durable, as well as easy to cut and drill. Thetrdd8cult aspect of

building the gripper was getting the arc movememtect. Our salvaged
cylinder’s stroke was too long, so we had to cartsta metal bushing to be
mounted in the cylinder to limit the stroke. Th&l &ilopascals-rated
cylinder is fed by 2 pneumatic lines, one to oped ane for closing action.
The lines are fed with air by a conventional 128 a0 compressor, located
above the surface. We are very pleased with th&atiéty of our gripper.

We feel that one very solid, functional tool is rhuxetter than a number of
task specific tools that would need to be attacdretiremoved between
missions.
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Camera

At the beginning of the project, we were donatedattloor security camera
for use on our ROV. It was not waterproof. Thimeaa was placed inside a
5.08 centimeter PVC pipe, and the back was sealbdalayer of epoxy,
followed by cotton balls. We then sealed everythoffgvith silicon. A piece
of Plexiglas was placed on the front of the camanal, then sealed with
silicon around the front. After a trial of the fidesign, it was realized that
the camera was not watertight, so a new idea wpkemented. The back,
originally sealed with silicon and cotton balls,sstaken out and replaced
with paraffin wax. This design was not successiiez, as water was still
able to leak into the front of the camera. Latee, camera was redesigned
with the same case, sealed wstlcon at the back, and with the Plexiglas
epoxiedat the front.

Later into the project, we purchased a Sea VieweBUmi 50 Series Black
and White Camera, to supplement the donated caffieicamera was
mounted to a horizontal bar at the top of the R&dting as our guide
camera, giving us a vision of the gripper and surding area. The picture
was found to be much clearer and more effective the original camera.
This camera draws 0.159 A. As a prize for winnimg provincial
competition we were loaned 2 colour underwater cagjavhich we placed
as our close up camera over top the gripper andttiex one on the back,
right hand side of the ROV to view what is abovdarghe second mission.
This completely eliminated the need for the nastyera. Each of these
cameras draw 0.090 A.
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Safety

While developing such an advanced system, safatyifes were essential
for the well being of the people involved and foe echanism itself. This
would insure that little mistakes would not phy#iicdamage a person or
ruin all the work that was put into the machine.

By placing shrouds over the horizontal motors, @msured more protection
for our motor blades and meant that no one woulduseduring
experiments. By placing the shrouds over the oetsidtors it greatly
reduced these risks and also enhanced the reyered by about 20% — an
unexpected bonus. As well, we modified the shrdawdattaching them to
the top of the frame by a metal rod. This had twippses- to prevent the
various tethers from tangling in the ROV, and suppg the shroud.

While practicing the missions, it came to mind tingtalling an emergency
stop button on our control box would be extremebcpcal. This was
chosen so that the driver would not harm anyonievia handling the
R.O.V by accidentally pressing a button. If som&lwas to go wrong a
simple press of the button would stop all connedito the battery and shut
off all controls. Also during these practices weuhd call out to the driver
when the gripper was “OPEN” or “CLOSED” so thatame would be hurt
around the gripper, thus ensuring all fingers waiéy attached to the body.
Though it worked beautifully during the practicessions, this would not be
sufficient during the actual competition. That isywve developed the
thumbs up signal in front of the camera to sigtifghe driver that all
systems were ‘Mission Ready’.

During all working sessions in the shop and adli&rin the pool the mentors
constantly stressed the need for proper practicgshe use of safety
equipment such as safety glasses and life jackeilsttbecame second
nature.
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ROV Handling Procedures

Having too much tension on the tether was alwdysge concern of ours.
We did not want any damage to the cable or putrtooh strain on solders
or other connections. That is why we decided togppiece of cut inner
tubing around the top half of the cable, and attatththe sides of the ROV,
so it would act as a strain relief of the cable.

When attaching the control box to the machine, a@ded to place plugs on
the end of the tether and the control box, to abasy connecting and
maneuvering. When deciding what plug end went wheeedecided to
place the female plug end on the tether as tollwt any mishap to occur,
such as someone mindlessly plugging the tethetthstavall and destroying
our motors.

Out tether is fitted with floatation about 1.0 rorin the ROV end to allow
the tether to float and reduce any downward fordésalso placed
floatation at the point along the tether which veblbé at the water surface.

During this process, we thought a lot about thesegnences of doing

something wrong, which is why thinking about théesaof the ROV and
the safety of anyone around the machine, alway® dast!
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Our Challenges

We encountered many challenges during this projeetto our numerous
experiments and desire to build the most produgéffecient ROV. The first
iIssue was choosing the best group of studentsvtwatd each provide their
own unique ideas and knowledge to the team. Maijesits expressed
interest but after realizing just how much timereaember would need to
put into this project, most dropped out. Ten stisl@rere chosen, later one
misjudged her prior commitments and resigned. Whestarted meeting as
a team, we began discussing fundraising opporami€ollecting such
funds proved to be more time consuming and tedioers originally
expected. Writing out detailed letters to everyibess in Inverness County
did not give us the support we initially thought weuld receive from our
community. Through our distress we managed to fasdrdoing bingos,
manning canteens, and selling tickets to creaéspectable ROV.

The geography of our team members was so divdseohtime was spent
traveling to our designated working area. In adyaime proved to be one
of our most challenging aspects. To finish thigget 3 days a week were
put in by each member, two after school hours areveeekend, full day
get-together.

A flaw that our group found is the fact that eaatnmber is a perfectionist.
Much of our time was used up by experimentationaméll tinkering with
the frame, and trying to make it the best it canTies resulted in us
building at least 7 actual R.O.V frames before di@g on this particular
one. The frame we went with was small in width &rayer in length to
allow it to be as streamlined as possible. Findinggperfect place to situate
the motors was also very challenging due to thgef the mechanisms
(1.4 kilograms each). With so much weight on eada ef the R.O.V, it
changed our plans with what to use as flotationadsvand buoyancy. 4.2
kilograms of motors on this rig made it very cungmene. Finding
something to protect the left and right motors withbeing too heavy was
also an experiment. We tested out chicken wire iolvet the use of heating
duct reducers as shrouds worked amazingly welladswlincreased our
reverse movement. However, when we placed oneeomitidle vertical
motor, it proved to be more of a burden, reduciregdpeed efficiency of the
thruster. We took that shroud off immediately. ®itice vertical motor is
inside the frame we are not as concerned aboutiaatatching in the prop
or the open prop being a safety concern.
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Our gripper was initially designed by the team attémpted by a student at
N.S.C.C. millwright program. Unfortunately, thisdartaking proved too
difficult and what was done was poorly done. Withcy thinking our team
was able to design and produce an arm more thajuatkefor completing
every task. This arm uses a piston and air comprés®pen and close.

Finding the perfect place to place the camerasalgmsa consideration, but
once we built our gripper, we were able to focusdlvse-up camera on the
gripper. We hung the wide-angle camera in the migadbe, hanging down
with the vertical motor attached to it. We positdrthe camera so part of
the frame is in view. This assists the driver vatlentation.

Buoyancy is the key to a successful R.O.V. Withgut would be very
difficult to maneuver and stay at one level in plo®l. As we added parts
onto the R.0O.V we realized we had to add more famkeep the machine
balanced. We noticed how bulky our R.O.V was gegtuith all the
components and foam so we decided to hide somg eppansion foam in
the pipes. This, however, proved to be a very Had.iAfter some time in
the pool, the spray foam began to act as a spsagking up water until it
was a heavy rock at the bottom of the pool. It wasistake that forced us to
rethink our idea and create a new frame. Our bunyanbeing acquired
through the use of Poly-Stern installation attacioetthe inner edges of
frame (making is less bulky and keeping it stregmed and more
hydrodynamic). We also are using an inner tubéhertap, attached to an air
compressor and regulator, for raising the R.O.\¢kjyiout of the water and
for fine tuning buoyancy in different water condiis or when carrying
loads.

Day after the foam
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After attaching every component to the R.O.V., weded to find the cable
and tubing that would have the most flexibilitydastrength to endure being
pulled through the water. We measured the amoueacii cable we needed
and joined all these wires with electric tape. @t sections of tubing were
donated to us, but they were old, and had manslgakughout the length
of them. We later acquired some lengths of betiwner tube from a donor
company. B & n Distibutors

Late in the project we attempted to put an air l&gu on our R.O.V. and
we hooked it up to the tube. It didn’'t work as waslwe hoped. We needed
approximately 21- 34 kilopascals in the inner ttdoéll it. We tried to use
the air regulator to keep the buoyancy of the R.@adtral at the different
depths. However, as we tried to adjust the airllevthe tube, the length of
the tether delayed the arrival of the air. For eplamif we were rising, and
wanted to remove air, we would still accelerate aguls, inflating. During
one experiment with the inner tube (for controllmg buoyancy), we
traveled all the way down to the bottom of the pddlthe bottom of the
pool, the atmospheric pressure and weight of thenwacreased, to the
point that it pushed the air out of the inner tub# the tether line. We lost
buoyancy but our air pressure guage read 207 ldtgs at that time. We
actually had no air in the inner tube, and the gangs reading the pressure
of the water on the tube and the air pressed @ddther. Alarmed, we tried
to raise the R.O.V. to the surface by adding mateTae driver opened the
regulator to bring air to the tube but when wetsthrising, we accelerated
very fast, and air continued to fill the tube. Taegth of the tube made
quick adjustments very difficult. Once the R.O.¥ached the surface, the
inner tube exploded from the pressure within.

After all was seemingly secure and we thought dharg was coming on
our side of the fence, one of our motors begarate hechnical difficulties.
We took an ammeter reading, and found that it was/ithg too much
current. It eventually stopped working. Disappaoihéad very anxious, we
took it upon ourselves to find out why this was®@pening up the motor we
found out that water seeped into the inside ofhtlogor. We were unable to
afford a new motor for this project. However, wd dot let that stop us
from reaching our goal. We cleaned out the motgwijned it, and resealed it
so that nothing can seep into the motor again.

This project, as you can see by our extensivetisbomplications was a long

learning experience and we have gained a weakhaf/ledge about
creating a Remote Operate Vehicle.
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Lessons Learned

After many hours of work, we have learned manyraggng facts about the
world of electronics, pneumatics and engineering.Na&ve also learned a lot
about team work, time management, and respecefmplp who take time to
work with students even though they had many dtiags to do during that
time. We could not have done it without them. Weehiearned that the
basics of electrical wiring are difficult, but no¢yond us. We learned the
hard way that a short circuit is created when th&tive and negative wires
are allowed to touch if they are not taped seprdfée were somewhat
intimidated by the concept of pneumatics, but méhd it was not at all
challenging to grasp. Basically it's air in and @ut. Just make sure that all
of your connections are leak-proof. Although mdst®felt confident in our
computer skills, we did need to learn a numberea¥ skills. Mr. Malloy

was great in helping us take our hand drawn cidiagrams and make them
look more professional with AutoCad light. We p&md at first when our
technical report was way over 2Mb but converting hotos to jpegs
enabled us to get our file size down. Buoyancythaght us that there is not
always an easy equation where we can solve foriabla and find the
unknown. Some problems require experimentationb@ashstorming to
solve.

Here are some thoughts from the team members tinvgase
Linda: “I have learned about the world of enginegrihow pistons work,

how hydrodynamics is very important and how comptebots can be
made.”

Brittany: “I found out that designing, developingdaworking a Remote
Operated Vehicle is very tedious and | am at awanimne who does it for a
living. | salute you.”

Chris: “I learned how to use Solid Works, a lot abschematics and that
buoyancy is a touchy area.”

Colin: “I learned the importance of how little makes can screw things up
in a major way.”

Johannes: “The importance of getting a bunch afycteenagers all working
on one task.”
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lan: “I learned that things that do work on landreid work in the land of
aquatic engineering.”

Erin: “I learned a lot about engineering, desigrg &he importance of trial
and error.”

Spencer: “I learned a lot about electricity and@wits and would like to have
a future career with electronics.”

Dustin: “I learned that when you go into projestsy won't be flying
through. So be prepared for lots of hard work.”

In essence, we all felt that a great deal was é&shatout the world of
engineering, pneumatics, electronics, and hydroayecse We discovered
that certain things do not work, not matter what tenufacturer
‘guarantees’. This project was very much worthtthe and effort that was
put into it by all of the members of the team.

Future Upgrades

If our school’'s team were to attempt this compatitin the future, there are
many things that we would change to make our R.@&fe reliable, quick
and smooth. Instead of the cumbersome verticabmate might try a bilge
pump and a ballast tank to facilitate travel up dadin. We would release
air to travel downwards, and increase air to sebddk up. This would
greatly speed up the missions, as well as giving gieat advantage for
staying buoyant.

We would also increase the intensity of our furglra to supply us with the
funds for better equipment. Although we did fundeaiwe could have done
a more satisfactory job at raising the necessagnties. Time and luck were
working against us on this project. This is somegiwe would pay more
attention to if we had to do this all over, andts¢arlier to try to minimize
time lost to mistakes.
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Team Evaluation

Overall, this has been a great learning experinienstudents as well as
mentors. We found that the most rewarding thing fively finishing
something, and getting it to function just the waywanted it to in the
water. Most of our meetings were very successfitlplscasionally there
were times when we had trouble keeping everybodgruzed and on task.
One of the things that | think we would do diffetlgns trusting ourselves
more, and not passing any task off to unreliabtgpfee All in all, our team
has worked very hard, and extremely well togetWé.have really bonded
as a team.
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Budget

Money
EXPENDITURES In Source

School start up grant 400
Ceilidh Fisherman’s Co-op 100
Ideal concrete 100
Mabou Freshmart 200
Movie 104
Snow'’s econo-print 50
ticket sales on rug 50

Port Hood Co-op 50
Whycocomagh Lions Club 125
East Coast Credit Union 100
Track and Field Canteen 450

compressor 112.91
battery charger 50.25
Epoxy ,contact cement 31.62
plumbing supplies for task apparatus 235.5
PVC pipe and muffler clamps 14.22
Light 15.99
underwater light 45.59
inner tubes 27.54
underwater camera 223
Tape ,mirrors, tie wraps 34.56
PVC connectors 20.35
Bungees ,clamps, hose 45.35
Tools and tool box 226
silicon, tape, glue, tie wraps 55.29

Donations

3 motors NSCC

security camera NSCC

60 ft pneumatic hose NSCC

elbows and tees D&R distributors
180 ft of speaker wire Home Hardware
pneumatic piston NSCC

Two underwater cameras on loan NSCC

Duct work pieces NSCC

Total expenditures 1138.17

Total Donations 1729
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