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This year the IDEA Club from the University of Massachusetts Dartmouth is competing for the very first time in MATE’s
international robotics competition. With the majority of its members being in the freshmen class, having little to no
experience in following the entire engineering process in creating a working product that solves given tasks was very
rewarding. The ROV was designed to complete numerous tasks which would simulate an oil pipe burst underwater, and
observe the aftermath of such a disaster. Member-designed tools were tried and tested, redesigned and retested
numerous times. Members were forced in adapting to any obstacle that was thrown in front of them; including writing
professional proposals in obtain funding. Through hard work and determination the UMass Dartmouth IDEA club will
be able to travel to Houston, Texas and compete in MATE’s international ROV competition.
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Photographs
ROV with all propellers.

Propellers removed to
show control box #1

Propellers removed to
show control box #2

ROV and tether

Sketch of entire ROV

Budget
Itemized List of Purchases for IDEA Club 2011 ROV Competition
Item
Cost Per Unit Quantity Cost to Club
PVC Components 1.25" PVC Pipe
$4.49
1
$4.49
3/4" Pipe Adapter
$2.29
1
$2.29
1.25" PVC Adapter
$1.29
3
$3.87
3/4" x10 PVC Pipe
$11.05
5
$55.25
45deg 1.25" PVC
$1.99
1
$1.99
1.25" PVC Plug
$1.79
1
$1.79
PVC Pipe
$2.73
1
$2.73
SKT Cap
$1.10
6
$6.60
PVC T
$0.64
9
$5.76
PVC CPLG
$0.37
4
$1.48
3/4x1/2 Adapters
$0.64
2
$1.28
PVC Cross
$2.51
1
$2.51
PVC Side Outlet
$1.98
1
$1.98
PVC Cross
$2.21
2
$4.42
PVC Elbow
$0.82
4
$3.28
1-1/4 PVC Tee
$1.25
1
$1.25
TOTAL
$100.97
Hardware

Washers 3/16
Washers & Nuts 1/4
3/8-16 Hex Nuts
Nuts 8-32
Fittings
Socket Screws
Fasteners

$1.19
$1.29
$3.69
$1.29
$2.21
$0.78
$0.85

2
7
1
1
5
8
8

$2.38
$9.03
$3.69
$1.29
$11.05
$6.24
$6.80
$40.48

Wire Adapters
Switches
Gravis BlackHawk Jo
Camera
Mineral Oil
DC Converters
Other Electronics
Trans Fluid

$2.19
$3.99
$18.48
$24.21
$50.00
$100.00
$119.84
$3.79

1
2
1
6
1
6
1
2

$2.19
$7.98
$18.48
$145.26
$50.00
$634.00
$119.84
$7.58
$985.33

TOTAL
Electronics

TOTAL

Metal Rod
Acrylic 30x36"
Foam
Alumminum Sheet

$8.57
$46.98
$0.00
$6.49

1
1
1
1

$8.57
$46.98
$0.00
$6.49
$89.00

$79.99
$0.00
$1.64
2.78
$145.00

1
4
1
1
1

$79.99
$0.00
$1.64
2.78
$145.00
$229.41

TOTAL
Miscellaneous

Propeller (Purchased)
Propeller (Donated)
Drain Cap
Gloves
Other Items
TOTAL

Grand Total: $1,562.73

Umass Dartmouth IDEA Club ROV Budget Report
INCOME

Requested

1

SGA (construction)
SMAST2
COE3
SGA1 (travel)
SGA1 (emergency money)
Home Depo Gift Cards
Personal Contributions
Other
Total Income

Project Expenses

$4,250.00
$1,000.00
$300.00
$2,700.00
$500.00
$100.00
$800.00

$1,270.00
$1,000.00
$300.00
$2,700.00
$500.00
$100.00
$800.00

$9,650.00

$6,670.00

Projected

Motors
Blade Props
Joysticks
Cameras
Chips
Tether
Frame
Tools
Other
Total

Actual

$350.00
$400.00
$40.00
$300.00
$180.00
$40.00
$100.00
$100.00
$0.00
$1,510.00

Actual
$107.00
$80.00
$72.47
$145.26
$30.00
$240.00
$100.00
$50.00
$0.00
$824.73

Difference
$2,980.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$2,980.00

Difference
$243.00
$320.00
$32.47
$154.74
$150.00
$200.00
$0.00
$50.00
$0.00
$685.27

Project Donated Expenses Projected Cost
DC Converters
$1,800.00
Propellers
$400.00
Foam
$2,500.00
Motor Controller Boards
$200.00
Motors
$400.00
Claw Materials
$30.00
Total
$5,330.00

Transportation

Projected

Flights
Taxi Fare
Hotel
Shipping ROV
Total

Total Income & Expens
Project Construction
Donated Expenses
Transportation
Income

$3,424.00
$180.00
$598.00
$300.00
$4,502.00

Projected
$1,510.00
$5,330.00
$4,502.00
$9,650.00

Cost to us
$634.00
$80.00
$0.00
$0.00
$107.00
$0.00
$821.00

Actual
$3,698.40
$180.00
$598.00
$300.00
$4,776.40

Actual
$824.73
$821.00
$4,776.40
$6,670.00

Difference
$1,166.00
$320.00
$2,500.00
$200.00
$293.00
$30.00
$4,509.00

Difference
$274.40
$0.00
$0.00
$0.00
$274.40

Difference
$685.27
$4,509.00
$274.40
$2,980.00

Financial issues have been haunting the IDEA club since September 2010, the beginning
of the club. With the hard economic times it was very difficult to obtain funding from various
places; however through a great deal of determination and hard work our members were able
to acquire funding from our University, stores, and donations from several companies. See
Appendix I for a full list of sponsors and a description of what they donated and who they are.
The use of a strict budget for each portion of the project has helped in assuring that the ROV
remained under budget. Once we were given our first major sum of money from the SGA we
allocated a certain amount of money towards each component of the build. However, in some
cases we went well over budget and at the same time went well under budget for other
components.

Electrical
Overview
Our electronics are broken down into three main parts: Input, communication, and output. On
the surface, we have constructed a control box which houses our input processing electronics.
To interpret input, we chose an Arduino Uno. The Arduino platform is widely used because of
its versatility and ease of use. With only a little bit of programming knowledge, a developer can
create a multitude of electronic projects, limited only by imagination and budget.
The Arduino on the surface has been programmed with code to read the position of two
joysticks, and calculate a motor speed and direction from that position. Then it sends a 6 byte
packet to the rs232 chip to get sent through the tether to the Arduino on the ROV. The 6 byte
packet consists of: 1 byte for the motor number, 1 byte for the direction, 3 bytes for speed, and
1 byte for a confirmation character. For example, the packet 30208/ would tell the chip on the
ROV to set motor 3 to a speed of 208 (out of 255), in a direction indicated by ‘0’, which is
arbitrarily either forward or backward. The reason it is arbitrary will be explained later. Once
the packet is sent, the Arduino reads the next set of positions, and does all the calculations
again, and sends the next set of packets out. The rs232 chip amplifies the data signal for
transfer over the long tether, and the rs232 chip on the ROV decodes the data and passes it to
the Arduino on the ROV.
Once the Arduino on the ROV has received 6 bytes ending with a ‘/’, it processes the data,
setting the motor controller indicated by the first byte to the direction and speed indicated by
the 2nd and 3rd-5th byte, respectively. Before actually setting the motors to that speed, however,
the Arduino performs some error checking to make sure that no packets are corrupted. This
arose after the ROV displayed some erratic movements, such as setting 2 motors to full speed
for 1-3 seconds while the joysticks weren’t touched. This error checking method has eliminating
all the erratic behaviors.
The output of the Arduino is routed through a custom made PCB that groups the pins together
for easy detachment. Each motor controller is operated by three pins, one for enable, one for
direction, and one for speed. The pins on the Arduino’s PCB are connected to each of these
motor controllers. The reason that the direction byte being ‘0’ is arbitrary, as mentioned above,
is because the wires leading to the motor, connected to the motor controller can be switched,
to give a different motor direction.

Software Loop

Arduino calibrates to
joystick center points

Surface Arduino collects
joystick position

Calculates motor speeds
and direction

Sends to RS232 Chip for
long distance
communication

RS232 Chip on ROV
decodes and sends to
Arduino on ROV

Arduino on ROV reads
data

Error Checking
•If fails the error check,
discard data
•If passes, assign data to
motor controllers

Schematic of onboard wiring

Control Box Wiring
Our control boxes are each outfitted with two DC to DC converters and two motor controllers
per box.

DC to DC converters
Our DC to DC converters supply power to all of our electronics on board the ROV. Each DC-DC
converter has its own protection built in, to protect itself from mishaps. This protection
includes resettable circuit breakers. If one of these trips, we only need to disconnect and
reconnect power, and the ROV will be all set to continue. Each box contains one 48v to 12v and
one 48 to 24v converter. We receive 48v power from the tether to terminal blocks onboard the
control box, which is then split to each of the four DC to DC converters. Each box is outfitted
with a 12v converter to power any electronic systems such as relays, Arduinos, sensors, or
cameras. The other 24v converter in each box is there for the sole purpose of powering the
main thrusters.
Each 24v converter is tied to two motors, one in the vertical and one in the horizontal direction.
The reason for this is to prevent an over drawing of current on any one converter as our control
scheme is geared towards moving efficiently in one plane of motion at one time. Therefore
each DC to DC converter will typically only be drawing current for one motor at a time,
preventing an overdraw of current and blowing of fuses and or damaging the converters
themselves.

Motor Controllers
Controlling our direction and speed of the motors we have four printed circuit boards, each one
controlling a different motor. Our basic design of the motor controller boards consists of an H
bridge relay consisting of four mosfets that can handle up to 60v and 40amps. Some features
of the board include power indicator lights, reverse polarity protection diodes; which prevent
us from destroying the boards by applying power in the wrong polarity. These boards powered
one Haibo 24 volt saltwater motor, with each providing around 350 Newtons of thrust.

Cameras
Cameras are mounted in five places around the ROV. The signals are sent over the tether, and
are attached to switches on the control box, to be able to switch 5 inputs to one output. One
camera is facing the front, one facing the Velcro claw, one facing the rear, one facing the cap,

and one facing the sweeper. The cameras are waterproof, and have infrared LEDs around the
lens that switch on automatically when the light levels are too low.

Design & Rationale
The decision to use PVC for the main foundation for our frame was fairly easy. This was
because PVC would not only be an easier building material to alter, but also was very
inexpensive. Considering we were constrained to a very tight budget the inexpensiveness of
PVC helped a great deal. This material also helped in assisting with buoyancy options because it
allowed us to fill the pipes with foam, helping with balancing the ROV.
Other reasons we decided to use P.V.C. (poly vinyl Chloride Pipe) was for several key
reasons. These reasons are that PVC is a standardized product available at many hardware
stores thus allowing our team to quickly build our ROV frame and if necessary make any
changes due to a change in design or if a part or piece broke. P.V.C advantages also include its
cost.
The general design of the frame was firstly build around the control boxes and the tools built
off of the frame. The frame provides good support for the control box and easy access for wires
to be rain from the control box throughout the ROV, whether it be to motors, tools, or cameras.
Since the frame and control boxes leave a center opening in the middle of the ROV, it provides
the perfect place for the depth motors. The walls of the control boxes create a funnel for the
water to go through when the depth motors are engaged. By having the props in-between the
two boxes we add a factor of safety because it provides a safe guard from the propellers.
Member Tyler Fontaine personally designed the control boxes for our ROV and the
design was unanimously chosen. The design features two separate boxes connected by a single
PVC pipe in the center. This design allowed us to evenly distribute the weight of our control
system on the ROV, and gave us an open vertical space that water could flow freely through
when the robot is moving up and down, reducing drag, and only allowed one pipe to the boxes
protecting it from water and isolating it from the rest of the frame.
To protect the control system we filled the one pipe leading to the control boxes with
fiberglass, which completely isolating the control boxes from the rest of the ROV. For a second
safety measure we filled the control boxes with mineral oil keeping any water that may end up
inside the boxes away from the electronics.

Prop placement is crucial to a successful R.O.V. On our ROV we employed 4 thrusters in
set of two groups of motors. The first set is our dive motors. These set of motors are used to
dive and ascend through the water. They are placed in a forward backward fashion. They are
placed as low as possible to lower of center of gravity. The second set of motors is the drive
motors or forward and backwards motors. Theses motors are placed across from each other
and at the midway point of the ROV. These motors can be independently controlled and were
positioned to give us the optimal turning radius for the mission.

Tools
Velcro Claw

For the task of pulling Velcro from the well to simulate cutting the riser we used a simple
design. For the claws themselves we had an eighth inch thick stainless steel plate cut out
using a programmable laser cutter. To create a claw that could close without messing up
we also had a three sixteenths Lexan also cut out to produce a spacer between two claw
pieces, this space allows the third claw to fit perfectly while allowing enough error room to
prevent the claw from failing. In the claw design, there is a pivot hole along with a slide
joint where a bracket is connected. The slide joints on the claws are then connected to an
electric lock activator which was waterproofed to suit underwater conditions. With the
actuator connected to the slide joints on the three claw pieces it allows the claw to open
and close, easily and accurate. To bring the whole claw together we designed a mounting
plate made from stainless steel and acrylic to hold the electric actuator along with 6-32
bolts that go through the mount holes on each claw. To get the holes correctly spaced on
the mount plate we had to do a few calculations. When all the calculations were finished
the claw was given a max open width of three inches and a closing strength strong enough
to keep a good grip on anything it grabs. To insure the claw would keep a hold on the
Velcro even if there was an error with the claw, we incorporated a small sharp hooked back
tip on each piece allowing the claw to stay closed on whatever it is holding as long as it is
under pressure.
U-Bolt Claw

For the task of clipping onto the U-Bolt mounted on the riser pipe we used the same design
principle as our Velcro claw. For the claws themselves we had an eighth inch thick
aluminum plate cut out using a programmable laser cutter with the exact same design as
the Velcro claws. To prevent the claw from closing wrong we also used a piece of three
sixteenths Lexan also cut out to produce a spacer between two of the claw pieces, this
space allows the third claw to fit perfectly while allowing enough error room to prevent the
claw from failing. The key to the U-bolt design is the trip piece that was created. The trip
piece is a simple strip of aluminum that was hinged to one of the claws. The other end on
this piece is notched which allows it to rest against the cross-member between the other

pieces while under pressure. To release this trip and close the claw you need to apply a
force on the trip. To prevent premature closure of the claw we also place a torsion spring
on the hinge which kept the trip piece in place until it was forced out of place by a larger
force. The slide joints on this tool are connected to a spring that is stretched. With the
spring connected to the slide joints on the three claw pieces it allows the claw to close with
extreme accuracy. To bring the whole claw together we designed a mounting plate made
from a stainless steel plate and a steel pipe. To hold the claw pieces in their appropriate
places we used 6-32 bolts which were also used to connect these pieces to the spring as
well. To get the holes correctly spaced we used the same calculations as our Velcro claw.
With these measurements the claws closing strength is strong enough to keep it close
under extreme pressure. To insure the claw would keep a hold on the U-bolt under the
pressure we are subjecting on it we incorporated a small sharp hooked back tip on each
piece allowing the claw to stay closed on whatever it is holding once it trips.
Cap

For the main structure of the cap we used a piece of three inch PVC piping. For part of the
cap design we used a complex system to reduce pressure build up inside the cap as it is
placed on the well head. To do this we first created a top to the cap, using a piece of acrylic
and another piece of acrylic to make a chamber inside the cap. On the cap we drilled holes
in a circular pattern centered in the middle of the cap and on the bottom wall of the
chamber we did the opposite. Instead of drilling holes toward the center we drilled them
around the edges. In doing this it allows water to flow through the cap without building up
large amounts of pressure. To stop the flow of water through our cap once it was in place,
we then created a spring loaded plug. This plug is constructed of a poly bolt, acrylic circle,
spring, and rubber washer. The bolt runs through both sides of the chamber with the
acrylic mounted on it. To make it spring loaded we placed the spring between this piece
and the bottom wall of the chamber so that when you push the bolt down the spring
compresses and when you let it go it pushes up covering the holes on the top chamber wall.
To insure the water couldn’t flow between this acrylic plug and the chambers top wall we
place a rubber washer on top of the plug. Now to keep the flow going through each set of
holes we needed to hold the plug in the center of the two walls. To do this we made a pin
block that hold the plug in its appropriate place till the cap is in place. For the bottom half
of the cap we came up with a simple design based off a funnel to guide the cap on top of the
well head. We did a wire frame funnel out of acrylic to allow water flow to still pass by
easily while also being an extremely efficient way of guiding the cap. As for the piece of the
cap that seals to the well head we used a simple sheet of rubber and placed it inside the
cap. This piece has a hole cut out of it allowing the well head to squeeze through it. Once the
well head is forced through this hole the water pressure will create a back force on the
rubber in turn producing a better seal. With these three pieces of the design put together,
the cap is able to be guided onto the well head under low amounts of pressure and once the

cap is in place, it will then create internal pressure producing an even better seal and hold
on the well head.
Sweeper

For the sample collector we based our design off of a simple broom and pan design. For the
pan part of the design we made a basket with a ramp coming up one side. The ramp goes
one third the way up the side of the basket, just enough to prevent the samples from falling
out. The broom piece is where the sweeper gets a little a little more complicated. For the
actual broom piece we used a piece of plastic that we mounted a soft rubber tip on. This
piece is then connected to a track by rolling bearings which run from the front of the ROV
to the basket. This was cut on a CNC router which we cut a channel in to allow the bearings
to glide easily along. Directly under these tracks we also placed rubber walls to help guide
the samples into the basket without being pushed off course. For the way the broom piece
is design to move along the track we produced a design from a printer. We used a
channeled rubber strip along with a channeled sprocket which is connected to a motor on
the broom. This allows the broom to travel in both directions by pulling itself along the
track allowing it to push the samples from anywhere under the ROV up the ramp into the
basket where they are held.

Challenges
One of the biggest obstacles a team can face in a development of a ROV for a major
competition can stem from time constraints. The most difficult hurdle for us to overcome oddly
enough took place the night this report was due. Not only were we faced with problems
between working with each other, the control boxes on our ROV were leaking requiring
members to stay late solving the problems. To begin with, the problems faced within the club
was that certain time constraints and deadlines weren’t met to have this technical report
completed, leaving the majority of it to be written by two members. In addition, one other
member stayed late to help solve the problem of the leaking control boxes. The reason we
needed to have the boxes completely sealed tonight is because in the morning high standing
professionals from our university will be watching a demonstration of the ROV. Through three
members virtually pulling an all-nighter, the report and the issue of leaking boxes were solved
and the remainder of the project could continue on schedule.

Considering this was the first time that the majority of our team has ever done a project
of this magnitude we were faced with many issues throughout the project. Once we were able
to get beyond the problems faced with acquiring funding, we were struck with faulty motor
controllers. On a late night building we were ready to test the functionality of the motors
throughout joysticks; however through some faulty wiring the motor controllers melted and
were no longer useable. Through hours of work that night we were able to solve the problems
and had a few more motor controllers built as replacements.
Once the ROV was working well out of water we were ready to begin testing it underwater. We
decided to use mineral oil inside out control boxes to protect our electronics from any possible
leaks. It was this safety measure that alerted us that our boxes had small leaks at the seams. To
solve this we plan to use rubber gaskets around the seam to provide a much tighter seal.
The tether that we are using contains roughly two 100 foot power wires, which are eight gauge.
In addition there are three 100 foot stranded and shielded CAT-5 cables. The power wires that
we are using a very flexible compared to other options that we considered. The CAT-5 cables
are our form of communication to the ROV. They allow us to see what the cameras are seeing
and send commands the ROV; like directions and tool operations.

Troubleshooting & Lessons Learned
To troubleshoot, a multimeter and an oscilloscope were crucial. When we first made
our own Arduinos, we had to use the oscilloscope to check the pwm value output. We found
out that the pin we had hooked up weren’t pwm-able. After the motor controllers failed
because of faulty wiring, we had to use the multimeter to find out what was harmed in the
event.
There are times that we are frustrated by the lack of support, or personality conflicts,
but we know nothing that is worth doing is easy. Although some might not see it, this
experience will not only teach us how to build a robot, it will teach how to better work as a
team. Life’s lessons aren’t learned from a text book. It can only be truly learned through real
life experiences. In the end, we worked together and made our vision come true. Through all
our trials, we will never forget these lessons learned, because what doesn’t break us only
makes us stronger.

Future Improvements
Considering as a club we are being very constricted from major improvements because
of financial issues, we do not have many major improvements that we will be doing. However,
that does not mean that we have not planned out any improvements. One improvement that
we are definitely considering would be the way the motor mounts are, because they are not as
sturdy as we would like them. Secondly, perhaps not this year but definitely next year, we will
be looking into more reliable control boxes that would not be so difficult in preventing water
leakage. The tether could also use improvements, as all it is right now is wires zip tied together,
with foam on the outside. We would also buy motors that weighed less, and perhaps smaller
propellers, to take up less space on the ROV. Some members also feel as if the frame should be
made out of a different material. Some have suggested LDPE, with channels milled into the side
to guide wires through.

Reflections
David Prairie
Beyond the regular engineering aspects learned through a project of this magnitude, I
personally learned a great deal of financial skills. Coming into the position of treasurer I
was left with a great deal of organization to do and had to learn very quickly how to
keep a strong and accurate budget. By being able to sit with professionals on campus I
was able to gain the skills required in having the responsibility of all club finances.
Steven Brown
This experience has meant a lot to me. Besides meeting friends, I have learned time
management, team working skills, and have gained confidence in using machinery I have
never before been introduced to. Many all-nighters have driven the point of time
management, and this project would not have been completed if we had not all worked
together. After seeing the budget, it was clear that the budget managing needed to be
precise for a project of this size. We cannot just go running around buying parts that we
may not need in the long run.
Ben Whittaker

Considering this was not the first time that I have participated in this competition I have
been able to take more a backseat role by mentoring the younger students who are for
the first time being exposed to this magnitude of a project. This has really helped me in
the fact I am able to take more of management role in sense that I can provide the skills
and knowledge that I have acquired over the past couple of years in teaching others in
how to take on these tasks on their own. I hope to have been able to instill a stronger
knowledge base into others so that in the future after I graduate other people can take
over what I have been trying to accomplish.
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