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Abstract

Doogieis a remotely operated vehicle (ROV) which was oridynlaililt to perform three tasks in
a submarine rescue simulation for the 2009 MATE Competitidmogie has been redesigned to
perform the tasks that have been created for the Ndtigonderwater Robotics Challenge. The
new and improve@®oogie2.0was built by five students from Dana Middle School in
Hawthorne, California. The 2009 Dana ROV team consisisimmy Arakaki, Brian Lam,

Dondei Dean, Bernardette Pinetta, Tierra Topsy, and isyl@édentor Mr. Doug Foster.



Introduction

An ROV (Remotely Operated Vehicle) is an underwater rdbat is controlled from the
surface to do certain tasks underwater. These tasksiswaahclude exploring places that are

inaccessible or too dangerous for divers.

Although the first tethered ROV was developed by Dinktebikoff in 1953, the idea began
with the Austrian business Luppis-Whitehead Automobile Qamg in 1864 (Marine

Technology Society Website).

Dimitri Rebikoff with one
of his R.0O.V. s, Pegasus.

The 2009 NURC scenario takes place in Antarctica offafsRsland. It involves rescuing a
research ship that was trapped by a volcanic eruption of Mauror. The team ROVs task is

to complete the objectives of the original mission estue a trapped ROV.



Budget Expense Sheet

Item Description Price/Unit Qty. Cost Sources TOTA L
ROV
PVC 3-way corner $1.18 8 $9.44 The Home Depot
PVC T-connector $0.21 23 $4.83 The Home Depot
PVC 90 deg elbow $0.17 8 $1.36 The Home Depot
PVC Threaded coupler $0.36 8 $2.88 The Home Depot
PVC 45 deg connector $0.46 2 $0.92 The Home Depot
PVC Coupler $0.12 5 $0.60 The Home Depot
PVC 1/2" PVC pipe — 10' $1.10 1 $1.10 The Home Depot
PVC 3" PVC coupler $0.79 2 $1.58 The Home Depot
PVC 1" to 1/2” reducer $0.92 1 $0.92 The Home Depot
PVC 3" polystyrene tube $5.28 $0.00 The Home Depot
Screws 47 $0.00 The Home Depot
Velcro Velcro straps $0.66 8 $5.28 The Home Depot
Velcro Velcro adhesive strips $0.40 2 $0.80 The Home Depot
Forward/back motors | Rule 1100 GPH Bilge Pump $35.99 2 $71.98 Boater's World
Up/down motors Johnson Pump 750 GPH $22.49 2 $44.98 Boater's World
Strafing motors $3.00 2 $6.00 All Electronics
Camera motor $12.00 1 $12.00 All Electronics
Precision
Propellers $2.75 4 $11.00 Manufacturing
Precision
Propellers $2.75 2 $5.50 Manufacturing
Hose Clamps $1.50 2 $3.00 Pep Boys
Floats | foam Urethane component $5.00 1 $5.00 Plastics Depot
Ballast | Fishing weights $2.00 8 $16.00
60' 12-conductor
Tether | cable 16 Gauge wire donated 12
Connector CON-60 Male/female $2.65 3 $7.95 All Electronics
Wire ties $0.08 14 $1.12 The Home Depot $214.24
Video Model 91309 Underwater camera with monitor $80.00 | 2 | $160.00 Harbor Freight $160.00
Control Box
Plexi glass $15.00 1 $15.00 The Home Depot
Hinge $2.98 2 $5.96 The Home Depot
Fuse block $3.00 2 $6.00
Joysticks $12.00 3 $36.00 All Electronics
Switch $4.75 3 $14.25 All Electronics
Fuses $0.33 10 $3.34 All Electronics
Speaker wires $10.00 2 $20.00 All Electronics
Spade Connectors $0.07 50 $3.50 The Home Depot
Barrier Strips 12 Position Barrier Strip donated 2
Shrinkwrap $0.20 50 $9.75 The Home Depot $113.80
Task props
Washers Washers $0.23 3 $0.69 The Home Depot
Hex nuts Hex nuts $0.10 7 $0.70 The Home Depot
Lock Washer Lock Washer $0.16 6 $0.96 The Home Depot
Hex Bolt Hex Bolt $0.10 6 $0.60 The Home Depot
4" ABS Cap Black cap $4.63 5 $23.15 Lowe's
Ball tip Hi Ball tip Hi $2.59 1 $2.59 Lowe's
U Bolt/zinc U bolt/zinc $0.98 4 $3.92 Lowe's




Misc.

FL BRS Wood FL BRS Wood $4.97 1 $4.97 Lowe's
U-Bolt U-Bolt $1.44 1 $7.21 The Home Depot
MALE ADAPTER
MTXS Male Adapter Mtxs $0.33 2 $0.66 Osh
Milk Crates Milk Crate $7.00 4 $21.00
Milk Crates Milk Crate donated 5
Awesome Arm Toy mechanical arm $3.49 1 $3.49 KB toys
Threaded Rod Threaded Rod $1.76 1 $1.76 The Home Depot
ABS Pipe ABS Pipe $5.21 1 $5.21 The Home Depot
PVC 90 deg elbow $0.17 17 $2.89
PVC 45 deg elbow $0.46 14 $6.44
PVC T-connector $0.21 18 $3.78
PVC Coupler $0.12 14 $1.68
PVC 4 Way Connecter $0.80 3 $2.40
PVC Cap $0.27 1 $0.27
PVC 1/2" PVC pipe — 10' $1.10 1 $1.10 The Home Depot
PVC 2" Coupler $0.94 1 $0.94
PVC 2" 45 deg Connecter $0.46 1 $0.46
PVC 2" Pipe $4.29 1 $4.29
Plexiglass Plexiglass $1.00 1 $1.00
Hinge 1 %" Hinge $2.29 2 $4.58
Hinge 2 %" Hinge $2.95 1 $2.95
Orange Lid Bucket Lid $0.98 1 $0.98
Screws Screws $2.00 5 $10.00
PVC 3 Way Connecters $1.18 5 $5.90
PVC Threaded coupler $0.36 5 $1.80
Ipower $9.98 1 $9.98 Harbor Freight Tools
Ipower Ipower $9.98 3 $29.94 Harbor Freight Tools
Epoxy 2 T Epoxy $2.49 1 $2.49 Harbor Freight Tools
Epoxy H2H Epoxy $5.99 1 $5.99 Harbor Freight Tools
Transit Al Transit Al $19.99 1 $19.99 Harbor Freight Tools
Cap slip Cap slip $3.09 1 $3.09 Osh
Syringe Syringe $2.09 3 $6.27

$128.37

$77.75



Electrical Schematic

Figure 2 Joystick wiring
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Design Rationale

When designing the ROV, the law of parsimony was our guidgiy.|The team designed the
vehicle to maximize functionality. Ingenuity and origibalare keys to building an effective

ROV.

Frame:Doogiés frame is constructed out of 1.75cm (1/2") PVC pipe. Weseho use PVC
because it is easy to work with, is cheap, and it allos/$o create the shape we wanted. We
started with a rectangular base as our ROV's frameadffed the payload tools in the front and
we put a camera high above the ROV on a rotating motdrcauld see all around. We also

attached a handle for picking up the ROV.

Holding the ROV using the handle.

Control Box: We made two control boxes, a primary arghekup. Both control boxes are
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made out of plexiglass because it lets us see insidet dmoks cool. On one, we used three
joysticks that we purchased from an electronic shop h®mwther, we made our own joystick out
of PVC. We used an H-bridge to change the directidheocurrent through the motor. We used

fuses to prevent too much current from short circuitigwires and burning up the motors.

-

Control box with homemade joystick Control box with 3 joysticks
Camera: Our current ROV design has two cameras. &/asang black and white underwater

cameras that we got at Harbor Freight for $100. The @aom@erates on 12 Volts and in light
conditions down to 0 LUX. It comes with a video moniémd is easy to operate and connect.
The monitor's picture resolution is 420 TV lines. It altss infrared LED’S around the lens
which we can turn on if it is too dark to see underwatee. decided to attach the camera to the
handle so it would be high above the ROV and able to ewesvything from above. Then we
thought it would be really cool to mount it on a slowvng motor that would allow us to turn

the camera all around.

Camera mounted on a geared motor.



Tether: Our tether is a 15 meter long cable which hassémvires inside. We ran the camera
wires along the cable and connected them with zip tés.can detach the tether from the ROV
and the control box since we used 6-wire mating cdong@t each end. This makes it easy to

take it apart when we want to move it around.

Motors: Doogie currently has five motors. There are itwihe middle of the frame for up and
down which are wired to the same switch. We have onembotturn right and one to turn left.
We may attach two strafing motors to move the ROY defright. We attached a two blade

plastic propeller to each motor.

Buoyancy and Ballast: We made floats by pouring a twbysathane foam mixture into a 3"
mailing tube. After it hardened, we sawed it into 10 amgtles, spray painted it and then coated
it with resin. This allowed us to adjust the total bumya We attached them to the ROV with
velcro straps so they could be moved forward or back. méde an adjustable ballast holder out
of PVC and filled it with lead fishing weights. We puéttioats on the top of the ROV and the

weights on the bottom so it will be very stable ia Water.

This is our ballast holder with a weight inside.



These are the materials we used to create our floats
Payload Tools: The tasks of this mission require a elasvlights. We are still working on the

payload designs to perform the tasks.

This is a mechanical claw that is composed of PVC, an actuator and a plastimounted on a
geared motor so it can rotate.
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Challenges

We had faced many challenges on the Dana ROV team. Evewes worked together to
accomplish the tasks. One challenge that we facea wbihpleting our ROV was keeping track
of the wires and where they led. We solved this prolidgnsolor coding the terminals in the

control box to match the wires in the tether.

Another challenge we faced was the incompatibility ofd¢betrol boxes. We had two: a main
and a backup. We wired the ROV to one control box, buiMhag wasn't consistent with the

other one. Eventually we had to rewire the first corthox.

Sometimes we would twist and solder wires togethea imay that looked correct, but really
wasn't. For instance, when we were connecting the tédhdre control box, we accidentally
twisted the wires on the wrong end of the tether! &hé we twisted had been in the water
before, and so we didn't want that end to lead intoctrerol box. The twelve tightly twisted
wires had to be untwisted, and we spent another dayrgigie wires on the other end. By the

time we were done, our fingertips were red and ragged, buaether was wired correctly.

We also had to overcome losing certain materials. W\emare working, our work space is so
crowded that we can't find our screws or our tools (seedfigur Once, when we were all
working, we took out two screws because we had to file tHemn or else they would be
scraping the table. When we filed one of them, we didulfind the other. We searched
everywhere on the table and still no luck. Finally, rafiearching for about twenty minutes, we
checked under the table where lay the little screwarBiound it under the table which was the

last place we looked.
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This is our messy workspace on a clean day
Another challenge is waterproofing the tether. We punresi one side of the tether and put
magic putty on the other. It took a long time to waterpibahd the resin took a long time to

dry.

One of our challenges we had to overcome was measuitgqf the ROV. When the ROV was
finally finished, we realized that most of the pipes e frame were not the same length.
Everything was falling apart, we had to screw everything ithabit wouldn't come loose. But
when we did that, some of the pipes were so shorthbkascrews didn't penetrate the PVC. We
eventually had to disassemble the whole ROV and re-aitta the PVC so the pipes were the
same length. When we finally finished the ROV, we detigeput in screws so the pieces would

not move.

12



Another challenge was achieving neutral buoyancy. The R@Watkto be neutrally buoyant so
it would stay still. When we went to the pool the R@¥%s positively buoyant. We added weights
to the ROV and it turned out to be neutrally buoyant. \@earthe ROV's floats and weights

adjustable. We drilled holes in the frame to letwlager in and keep the density constant.

Doogie in the pool for one of his buoyancy tests.
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Troubleshooting Techniques

Most failures in ROV missions are due to bad connectomgen circuits. This is one challenge
we faced many times during the testing of our ROV. One dehimt we used that we found
helpful was a DMM (digital multi-meter). The DMM\ggs us exact readings about how much
voltage is going throughout the wire and where the opeunitsrare. Once we located the open

circuits we used solder to repair them.

When constructing the ROV we had some difficulties witih measurements. One side would
either be too large or too small compared to the oppodite Ble overcame this obstacle by

using a Digital Caliper. The digital Caliper measuresagices down to the tenth of a millimeter.

In the beginning, we were unsure which direction our nsoigere turning. To overcome this
problem we developed a protocol. Whenever we were at theyeavould run through this
protocol: one person would control the joystick and calltbetposition they were turning it. The
other person would place their hand in front of the mdtoaking sure their hand wasn't

touching it), and would verify that the air was hittingitteand in the correct direction.

The joysticks didn't come with any instructions so we teafigure out how to wire them (see

figure 2). It took a lot of trial and error to figure owvinthey worked. We tried hooking up one
motor and switched the wires around until we got the medtwrun forward and backward. Then
we hooked up the other joysticks to control the strafimgons and the motor that controls the
camera. We used a switch to control the up and dowarsoWWe needed a fuse block to hold
the fuses. We connected many components using quick discannéktsbundled up all the

ground wires into one wire and did the same with athefpower wires. We decided to use two
six-wire connectors and soldered the speaker wires tw cotle all of the switches and motors.

That made troubleshooting a lot easier.
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Skills Gained and Lessons Learned

We learned to make floats by mixingethaneand hardener.

We learned how to glass them with resin.

We learned how to solder wires together.

We learned how to operate a drill press.

We learned about electrical circuits and Ohm's law.
Archimedes principle of buoyancy.

We learned how to cooperate and work as a team.

We learned how to check resistance and voltage withitaldgultimeter (DMM)
We learned to not drop PVC pipes on people's FEET!

We learned to use an electric sander and use otheiooésat t
Makd a take list and “check it twice” to make sure we getyghing.
We learned to de-solder.

We learned how to test buoyancy.

We learned how to make a brush-less motor.

We learned how to make an awesome solid resin cylinder.
Learned how to wire a breadboard.

Learned how to make a thermometer out of a digitatirmeter and an LM35 IC.
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Calibration of digital temperature probe
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Future Improvements

Many improvements can be made to our ROV. We would addea sjpatrol to the control box.
A speed control would allow us to speed up or slow dowmitt®rs. Right now the motors are

only on or off.

Another improvement is software. We would like to add a @iogihat would enable the arm to
go forward and grab hold of an object just with a push aittob. A program like that would

make controlling the ROV easier and grabbing objects mozetiafke.

A microprocessor built by last year's team.
For the camera, our original idea was to have the i@ane only go side to side, but also up and
down. The camera would be able to look in almost anytibreand it would make driving the

ROV easier and enable the driver to spot objects witmowing the whole ROV.
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Reflections on Experience

Tierra: While participating on the ROV team | have learned a

lot about technology and learned how to use tools. | learned how to solder wires
together, how to make floats and a lot of other things | really enjoyed. After |

move to high school | hope to continue working with robots and other technology.

Brian:_| learned about many things | had not learned in regular

school. | really like the experience of making an ROV, wiring up a control box,
and soldering. We even made a brush-less motor at the beginning of ROV. |
really like working with my classmates because they find ways to help me. |

would still like to continue working on ROVs when | go to high school.

Dondei:_At first | only joined this team because it would get me

out of the terrible after school care program. But, after participating for a couple
of sessions, | realized that this was actually kind of fun! After taking Mr. Foster's
crash course in robotics, | knew everything | needed to know so far. After that, |

learned more things like soldering, finding buoyancy, drilling, twisting wires, and
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the pain that comes when your fingers get too close to a moving motor. | also
learned life skills like working on a team and budgeting, and | gained more

knowledge on report writing.

Bernardette: | don't know what to write because this whole

experience has been so incredible I'm not sure how to explain it, but I'll try my
best. When [ first joined ROV | wasn't sure how to use any of the tools, much less
their names. But Mr. Foster made it easy and fast, but still thorough. It was really
fun and very educating at the same time. | learned how to strip, twist, and crimp a
wire into a quick disconnect and whenever | see that in electrical wiring whether
it's around the house or anywhere else | feel a sense of achievement because |
now know how to do that. | really enjoyed this and if | was able to do it again |

would.

Thomas: This experience has educated me so much, it

should be a class. Many people haven't gotten a chance to do what we have
done. Building an ROV was really enjoyable. We got to learn how to drill, solder,
and learned how to think of creative ideas which in the end turned out to be a
little crazy. The main motivation to keep on working was FOOD (especially

pizza).
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