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The ROV (Remotely Operated Vehicle) Chimera
was built by the MPC Robotics Team to compete
in the 2011 MATE International ROV
Competition. Chimera was designed to perform
tasks relevant to capping a leaking oil well.
Almost 50% of this ROV came from recycled
parts. The final cost of Chimera was
approximately $1,000. $850 of this $1,000 was
donated; leaving only $150 in out-of-pocket
expenses. Chimera’s frame was created with ½”
PVC (Polyvinyl Chloride) Pipe. Specially cut PVC
Boards connected by steel rods created a
protective frame that integrated two Rule 3700
bilge pumps. Two Rule 1100 bilge pumps were
added for precision turning and underwater
visibility was created using four modified
Anaconda Cameras. Also incorporated are two
payload tools: an oil capping system and sample
collecting vacuum. The control system was
programmed in Roborealm and runs using a Linx
Motion Servo Board. Chimera has an onboard
electronics system that is inside a PVC Housing
connected to the surface using a custom-built
tether. The topside electronics consist of a
joystick and control unit. A major innovation
this year was the internal cooling system for our
underwater electronics and our automatic
shutoff system. During the decision process,
team members learned the importance of time
management and why coordination must be
done for work to continue when several
students live with several different study and
work schedules. Numerous hours were spent
planning, building, testing and redesigning the
different portions of Chimera.
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Figure 1 - Side view of Chimera
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Figure 2 - Front view of Chimera
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Figure 3 - CAD Drawing of Chimera’s cylinder
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VEHICLE SYSTEMS
ROV Frame
The main structural components of Chimera were
made of 1/2” PVC piping. This PVC piping was chosen
based on its inexpensive cost and the fact that PVC is
very close to neutrally buoyant. For convenience, RAT
went with a simple design that allowed maximum space
for cameras and tools.

Figure 4 - Chimera

The main motors were powerful. For safety reasons, it

was important to completely enclose the propellers.
Using calculus a cover was designed based on rotating a
system around an axis. Numerous shopping trips and
online searches for a 17.75cm diameter cylinder failed to
locate the optimal part. The design team went to work.
Figure 5 - Lisa using CNC Machine

They chose to use PVC board

based on its light weight (550kg/m3) and ease to work with.
Final components for the motor covers were designed using a
Computer-Aided Design (CAD) software to allow for specific
spacing, and were cut during several weekend meetings using a
Computer Numerical Controlled (CNC) Router. Eighteen large
plates and six smaller plates were cut and fastened together with
threaded steel rods. These rods had two purposes: to hold the
plates together and to keep the propeller parallel to the
direction of the movement desired. Between the bottom two
plates, a mesh screen was embedded to protect the propellers
from debris. These plates provided safety for the user while still
looking aesthetically pleasing.
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Figure 6 - Motor Protection
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Electronics Housings
In an effort to reduce the diameter of the tether,
RAT chose to place a large portion of Chimera’s
electronics underwater. To do this, a waterproof
housing had to be designed to keep the electronics
dry while creating a cylinder housing within a
certain volume capacity to prevent throwing off
Chimera’s buoyancy too much. It was necessary to
Figure 7 - Electronics
design an electronics housing that was not going to
be too negatively or positively buoyant. The majority
of Chimera’s electronics were attached to a piece of PVC board allowing RAT designers to
determine the necessary dimensions needed for the cylinder. The sizing for the electronic
housing calculated to be about a 25cm length of 7.62cm ABS pipe for the final watertight
cylinder.
With the successful pressure test of the cylinder, the electronics
for Chimera were able to be submerged under water. This
included all voltage transformers and step down electronic
systems. Keeping in mind that the electronics system could
become very hot when in an isolated tube, RAT created a way
for the cool water from the outside of the water tight chamber
to interact and cool any overheating electronics. The system
devised was a simple water jacket. The alteration applied to the
tube to allow the cooling system to function was drilling two
Figure 8 - Protective Cylinder

1.75cm holes in one of the end caps to secure two unique fittings
that allowed a tube with water to travel into the cylinder. This tube allowed the cooling water
Chimera was surrounded by to be pumped in and then out of the water tight cylinder without
any water leaking into the cylinder. From there, water was routed to a home built water jacket.
This jacket was made of two identical 10cm by 30cm plates of brass. One of the plates was
formed into a half box by cutting squares out of the corners and folding the edges upward to a
90° angle. From there we water welled the top, flat, unmodified plate; the bottom half box
plate; and then drilled two holes in one of the sides of the bottom plate to allow water to flow
freely in and out of the jacket. This process created a 30cm by 10cm plate that all of the
overheating electronics could be mounted by using conductive double stick tape. The last step
was to find a pump to drive the water through the piping, into and out of the jacket. The motor
selected was a window washer motor that was quite efficient at moving large amounts of water
4
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through the block in a short period of time. The water block was so efficient at sucking heat
from the system that putting a blow torch directly on the middle of the system when the pump
was on and holding a hand 2.5cm away from where the torches flame touched the brass and no
warmth was felt.

Thrusters
After cleaning out the MPC Robotics storage facility, several modified
32V, Rule 3700 Bilge Pumps and some old propellers were discovered.
After extensive testing, we determined that these motors would be
powerful enough to get up to the surface quickly with a heavy load. This
bilge pump came from The Eagle2 ROV that Matt Gardner competed with
many years ago and the propellers came from the ROV X-Wing which was
also used several years ago. The history of these parts provided for a
positive outlook for a competitive ROV. Chimera was looking good.
Figure 9 - Rule 3700
Bilge Pump

Tether
Past negative experiences with cumbersome tethers led the RAT design team to create a
flexible tether with a small circumference. Chimera’s tether consists of one 30m CAT5 Riser
Cable. This cable has a temperature rating of 75°C and a voltage rating of 300VDC. Added to
this is one 30m strand of 12 AWG dual wire.
Having the electronics underwater created a clear advantage to reducing the tether’s
circumference, allowing Chimera to have more maneuverability.

Cameras
Chimera sees through four Anaconda Color Cameras that were
modified at the MATE camera-waterproofing workshops held
in previous years. To waterproof these cameras, the lenses
were removed from their original housings and glued to the
bottom of a clear plastic casing with silicone adhesive. The
case was then filled with five-minute epoxy. Food coloring
was added to the epoxy to make the cameras more
aesthetically pleasing. The cameras were attached to Chimera
Figure 10 - Encased Underwater
Camera
with multiple pieces of PVC pipe fittings designed to maintain
camera stability but still allowing for minor adjustments. Each
camera draws only 0.2 amps from Chimera’s battery supply. The focal length on the camera
5
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lens is approximately 18cm. Each camera was positioned on Chimera to allow for the most
efficient visibility.

PLUGGING A LEAKING WELL
In April, 2010, oil started gushing from Macondo
field in the Gulf of Mexico after an accident on an
oil rig. BP faced distressing setbacks in its early
attempts to stop the gushing oil. BPs capping
operation presented enormous challenges since
there were enormous fleets of ships clustered on
the surface (Crook 44). Meanwhile, it was even
more congested below as ROVs worked in close
proximity to each other in the pitch-dark of the sea
Figure 11 - Ships in Gulf of Mexico
floor. As well as navigating around each other,
these ROVs had to navigate around a work site
cluttered with pipes, cables and debris while attempting to cap the mouth of a well that was
belching vast quantities of oil and gas (Crook 45).
BP’s first attempt to contain the leak involved placing a 40 foot high open-bottomed chamber
over the end of the riser, so that oil and gas could be piped up to the drill ship Discover
Enterprise. This operation failed, because hydrate crystals had formed and blocked the outlet.
Hydrate forms when natural gas mixes with water and the low temperatures create ice-like
crystals that block the pipes, valves and
fittings.

Figure 12 - BPs well capping plan

BP’s next solution was to collect oil by
inserting a probe into the open end of
the riser. This allowed the oil to be
collected before it mixed with the sea
water. The probe was inserted and the
oil was piped up to a vessel on the
surface. Unfortunately, this was put out
of action when an ROV knocked the tube
out of position. Before this happened,
22,000 barrels of oil were able to be
recovered (Crook 45).

BP’s final decision was to cut the riser and collect oil with a cap from a position above to a
Blow-Out Preventer (BOP) and collected through a pipe running to the Discover Enterprise
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(Cook 46). This plan involved removing a section of the broken riser. After a few troubles with
cutting the pipe, a cap was lowered and successfully attached allowing the drillship to collect
15,000 barrels of oil per day.

DESIGN RATIONALE – TASKS
Task #1 – Remove the damaged riser pipe
This mission involves transporting and attaching a line
to a U-bolt on the damaged riser pipe (Gardner 4).
RAT’s line will have a hook on one end and Chimera will
bring the hook down and attach it to the U-bolt. Once
the hook is attached, Chimera will simulate cutting the
riser pipe by removing a Velcro strip. A hook attached
to the front of Chimera will accomplish this task. Once Figure 13 - Rope
the Velcro releases the pipe, a RAT team member at the w/hook (above) and
Figure 14 - Hook
Hook (below)
on U-bolt
surface will lift the pipe away and raise it to the surface.
The basic garage hook system may seem unsophisticated,
but after several tries with other systems, the simple method proved to work the best.

Task #2 – Cap the oil well
With the riser pipe cut and removed from the wellhead, the Lower Marine Riser Package cap
can be installed (Gardner 6). RAT has designed a cap to cover the wellhead that, once intalled,
will stop the flow of oil. Chimera’s well cap is a two part system that foucuses on locking onto
the well while alowing the oil to flow freely throught the cap and then closing the valve on the
cap to temporarily seal the well. The first part, locking the cap onto the well, is acomplished by
dropping a rubber coupling onto the broken well head. Then a 1,100 GPH bilge pump drives a
hose tie tight around the side of the coulping until it is water tight. The oil flows freely through
the open spring valve all this time to alow for easy installation of the well cap. Once the well
head is fully secure, Chimera will pull away from the wellhead. Two things happen next at the
same time. The first is the motor that is secure to the well cap pulls fully apart from the ROV
through bullet conectors. The second is a pin is pulled on the spring valve which closes the well
cap sealing the well.
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TASK #3 – Collect water samples and measure depth
During the oil spill in the Gulf of Mexico, many
technologies were used to collect information
about the oil, both on and below the water surface
(Gardner 17). Companies must interpret a graph
to determine the correct depth at which to collect
Figure 15 - Depth
a sample. With a camera pointed at a depth gauge, Gauge
the pilot will find the correct depth based on
provided charts. Once at the right depth, a water sample must be
collected and returned it to the surface without being contaminated.
After testing several motorized options, RAT switched to the simpler
solution. Two 150cc syringes were connected back to back and attached
Figure 16 - Water
sampling system
in to Chimera. Out the top syringe, a tube runs the length of the tether to
the surface where it is attached to another syringe that will be operated
by the assistant pilot. Water is inside the tubing and one syringe. The bottom syringe is
connected to a long metal pipe to collect the sample through. This system is incredibly
accurate and barely contaminates the sample. This system is called The Mosquito.

TASK #4 – Collect biological samples
The final task is to collect one sea cucumber, on glass sponge and one Chaceon crab. For this,
we decided to rely on the power of our motors (Gardner 21). RAT has designed a vacuum
system to suck the biological samples into a larger container attached to Chimera with an 1100
Rule bilge pump, modified with a larger propeller inside of a piece of tubing. The propeller
blows water down the pipe. Just down current of the propeller, there is a Y-junction. The flow
of the water across the intersection creates low pressure in that area. The low pressure sucks
the water in from the other tube in the Y-junction. The samples get sucked into the second
tube by the low pressure and are pulled up into the current created by the motor. The samples
then flow down the pipe and end up in a bucket on Chimera where they stay until they are
brought back up to the surface.
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SOFTWARE
To program Chimera the technical support team began to use a computer vision, image
analysis, and robotic vision system named RoboRealm. It has an easy point and click interface
which simplifies the user experience and allows for complex manipulations of visual and
programmed data. Technical support’s experience with RoboRealm was slow and halting at the
beginning, and differed from past designs of a simplistic joystick interface. This change was
inspired by the acknowledgement of similar ROVs in the field using a vividly more complex
internal operating structure than previous external controls, thus RAT agreed that making the
leap to a more sophisticated control system would be more indicative of modern ROV systems.
Since making the transition the technical support team’s knowledge of this software has slowly
increased, and soon were able to exploit many of its fundamental potentials, and other facets.

TROUBLESHOOTING TECHNIQUES
Two of the troubleshooting features with Chimera’s electronics are the tire valve and the paper
techniques. The tire valve is used to pull a vacuum on the pressure cylinder. If the pressure
holds, the cylinder is air/water tight. The other troubleshooting feature is the paper method. If
the cylinder fails the safety vacuum test it will be submerged while stuffed full of paper. After
the cylinder is pulled out of the water, the canister is opened and the leak location is detected
by the wet area on the paper.

FUTURE IMPROVEMENTS
RAT recommends that during Chimera’s next upgrade, replacement of the forward/reverse
3700 bilge pump with a Crust Crawler motor. By programming and using a Crust Crawler in this
position of the ROV, it would reduce a large portion of the vehicles density and allow for a more
stable ballast system.
A second recommendation for future improvements of Chimera would be to install a camera
onto two servos. This installation would allow for a panning camera system that could rotate
up, down, left and right. Chimera currently has four cameras that require switching the screen
view to see what each camera is directed at. With a single, rotatable camera there would no
longer be a need for multiple monitors. A secondary plus would be more space on the ROV for
other tools.
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Table 1: Total cost of materials for Chimera.
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As you can see by the below chart, ROV Advanced Technology, Inc. managed to get almost half
of Chimera’s expenses covered by donations.
Purchased
9%

Expense Categories
Recycled
48%
Donated
43%

CHALLENGES
The most time consuming technical challenge was getting the underwater electronics to be
water tight. Numerous emails passed between team members with updates on leakage.
“The primary problem we are facing right now is the water tight cylinder. It leaked 30
psi over the course of 10 minutes, last night.” --Lendz
Creating an electronics tube was harder than conceptualizing it. Since visible inspection failed
to locate the leak; the engineers had to try something a little more creative. The solution was
to cover the cylinder in soapy water and positively pressurized the cylinder with a bicycle pump
and looked for bubbles. After discovering that there was more than one leak, the engineers
were able to epoxy the leaky spots and retest with the vacuum pump through a valve that was
pre-installed into one end of the cylinder. This process was repeated again and again until the
cylinder held pressure.
The greatest challenge to ROV Advanced Technologies, Inc. was an unexpected accident.
Having learned from last year’s greatest challenge; a time management issue, RAT had
Chimera’s electronics built and running by early spring. As Chimera was being transported in a
car, it was involved in a multi-vehicle accident. RAT was thankful that the team member and his
family were not seriously injured! Unfortunately, Chimera did not fare so well. During the
collision, the controls system flew through the car window and hit the pavement, completely
shattering the outer core. The good news was that this outer core protected the electronics, so
no new electronics parts had to be repurchased. The protective cylinder needed to be
completely rebuilt. All electronics had to be transferred to a new board and rebuild a new
outer shell. RAT’s engineers reactivated the CNC Machine. This whole process cost RAT time
that wasn’t in the original plan. Time that was allotted for working on solving mission tasks was
13
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reallocated to creating a new cylinder for the electronics. Everyone put solid efforts into
rebuilding a new control system. Our main forward/reverse motor was also rendered
unusable. It was not feasible to repurchase a replacement. Thankfully, RAT still had last year’s
motors and with a complete redesign of Chimera to accommodate the heavier motors, RAT was
able to recover from this scary incident.

TEAM MEMBERS – REFLECTIONS/LESSONS LEARNED
CEO - Chris Pilland
This is my second year on the ROV team. I plan to become an aeronautical
engineer. I designed Chimera’s frame while managing the team. The frame
was originally designed to be as hydro dynamic as possible in every direction.
Due to the large tasks we had to complete in this competition however the
frame was changed to a three dymintinal desing. My future major is
Aeronautical Engineering.

CIO - Lisa Rike
This was my second year on the ROV team. I originally joined because I spent
four years watching my son have all the fun in his ROV club and not getting to
touch stuff. My contribution to the ROV was the tech report and Poster
board. I am a Math Major and hope to be a college Math instructor when I’m
done with school. My biggest lesson learned was how time can get away
from the unaware.

CFO – Rachel Gaines
I joined the ROV club this year to learn specific and technical knowledge of
ROVs as I work towards a marine based career. I have a bachelor's in
contemporary music and have spent the last three years doing wild land
firefighting. I have learned a fair amount from the ROV club thus far
considering I joined the team quite late. I look forward to learning more and
participating in the competition!
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Operations Manager - Alex Hay
Once I finish my general education at Monterey Peninsula College, I plan to
transfer to the University of California, Santa Barbara. I intend major in
Oceanography. I learned a lot about electronics in terms of wiring,
electronic components and soldering. The tasks presented this year made
my team and I think up and test many different tools and it challenged our
creativity to solve each of the presented tasks.

Design Engineer – Thomas Smith
This is my first year on MPCs ROV team; I have competed before in the high
school competitions. I currently work with the Navy in prototyping and
brought my experience from there to the team. I have aided in both the design
and construction of the ROV. I joined the team because I hope to one day
work and pilot ROVs for a career and this is a great way to get firsthand
experience. I plan on finishing my marine science degree at MPC and then
transferring to a university. Working with MPC on this robot has taught me a
lot about programming, and using computers and motor controllers to operate
an ROV.

Pilot - Ross Williams
I've been involved with the MPC Robotics team for four years. I received my AS
degree in June 2010 in Marine Science and Technology. I currently am building
up credits to transfer to a four-year school for a BS in Marine Science. My main
contributions were: building the water-tight cylinder for the on-board
electronics, calculating voltage drop and length needed for the tether, getting
underwater connectors discounted from SubConn, completing wiring for
electronics, and designing with the CAD program. The biggest lesson that I
have learned is to never think you have plenty of time when things are going
well and always be prepared for the worst!
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Computer Technician – Antron “Kage” Williams
I have a BS in Psychology and am taking time off before pursuing my
PhD to Retrain in Computer programming and Server Maintenance
while also serving on the Board of Trustees as the Student Trustee for
the District Of Monterey. I hope to work as a research Psychologist
working with either simulations, the effect of technology on cognition,
or the effect of social networking on the self. My part of this ROV
project was the controls and the emergency shutdown box.

Technical Support - Lendz Elliott
This is my third year on the MPC Robotics team. I am a Physics and
Philosophy major; planning on transferring to the UCSC for my Bachelors
degree. Before enrolling into Monterey Peninsula College, I attended the
Massachusetts Institute of Technology where I stumbled upon and
discovered my passion for Problem Solving.
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