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Abstract
The University of Hawaii at Hilo is attending the 2011 MATE (ROV) competition in Houston,

Texas June 168. Our team will be the first team to attend the MATE competition in the
explorer class from Hawaii. The putp& 2 F GKA & &SI NDRa O2YLISIUAGAZY
involving: Cutting a riser pipe and capping a well head (removing a riser pipe and stopping the
flow), collecting water samples at various depths, collection of multiple bermitganisms.
C.O.R.1.Gontrolled Oceanographic Remdtestrument) is the ROV, that our team has designed

and constructed and will be used in the 2011 competition, held at the NASA Johnson Space
Center in HoustonTexas. The design was put intoli®works and the construction vgabased

2y GKSAaS RSaAAIYy ARSIaAd ¢KS FTNIYS gt a O2yailNHzO
a sleek and light design. The conduit was bent and welded into place by our team members and
came close to the design ideas we had madesohdworks The fame design is the key to our

design and has proven to operate in the water column as we had expected. A functional
gripper/claw was also designed, using a gear reduction motor housed in aluminum tubing,
capped, welded, and sealed to provide maximum prbtecfrom any water penetration. The
gripper/claw is a functional versatile tool that can be used in multiple task situations. The
thrusters were designed from converted bilge pumps and several propeller designs were tested

for best performance and effiaey. The UHH team has spent ove®@® combined hours

designing, constructing, troubleshooting, and testing parts for the tasks that will be completed

Fd GKA& @SFENRa a!¢9 O2YLISGAGAZ2Y ®



Deep Water Horizon Qil Spill
The Deepwater Horizon oil spilllso known

as the BP Oil Spill has been acknowledged as be
the largest marine oil spill in history. Releasi
almost 5 million barrels off of the Gulf of Mexico, oi
spills such as the 1968 spill Mandoil Il cann
compare in the amount of oil spilled atiee amount
of destruction being created. On April 22, 2010, t
Deepwater Horizon sank in 1,500 m of water

" 10020092, 39" 1105/ 10 causing crude oil to free flow into the
L a6 231 0% O
Honitoring Hdg: 1172

surrounding area. In order to determine the
amount of oil flowing from the well, Remote
Operated Vehicles @BV3&) were enlisted to
investigate the area and to determine the flow

rate in barrels per day. The first few attempts

showed no ail leaking from the well, however,

by April 239 2010, two leaks were discovered, one from a kink in the riser above theublowo

preventer and a primary leak from the ear Skimmed; 3%
. . Bumed; §%.
end of the riser, where it had broken Chemically .
d : 8% i

off from the rig. The initial attempt to
shutdown the flow of oil was
unresponsive as the safety device
called a blowout preventer (BOP) was
unable to be activated. The flow
continued to free flow for nearly 86
consecutive days and over 75,000
square kilometers before finally

reaching astate of manageability



Design Rationali Missions
Planning and design started when team members were approached by the ROV club president

about joining the ROV team and going to the MATE competition in Houston, Texas. The first
meeting was held in December 2010 and ideas for the ROV construction were discussed at this
time. The team was open to all students and it was decided to start &ftshfinals, and

Christmas break. January 2011 was opened with team members having meetings and starting
construction on the ROV. The planning process was followed by weekly meetings and the team
members were decided at this time. There was not much sugpom students in joining the

team, so what few team members there were just had to work harder and faster. Having a
small team led to limited idea basis, but got the team to rally and decide quickly on the best
way to design the ROV for the tasks ahtia

The team members had knowledge of the marine environment, dive experience, mechanical,
and welding skills that helped to ensure a solid working ROV design. The frame design has been
the biggest success and proved that having a slim open space all®ited maneuverability

and room for attachments. Competition rules helped to define our design ideas and the frame
design worked around the tasks at competition. The task of attaching a line to a riser pipe and
pulling the piece from the rest of the tagkoved to the team that the ROV would need

multiple camera angles and three camera designs were included on the ROV. Having a wide
field of view from multiple angles ensured the safety and maneuverability of the ROV. Using the
gripper/claw design can aldme multifunctional in carrying out the task of capping the open

well head design. The gripper/claw design is.a multi use tool that has a rubber gripped claw for
holding on to the tools and tasks presented. The gripper/claws motor is a slower variable speed
design that allows for precision gripping on all items. The rubber claws grip maiotaidry, as

well as wet items. The task of picking up benthic organisms was easily adapted by the
gripper/claw and proved to be an easy task to accomplish with this Tdee task of extracting

the water samples posed as a challenge, but the team came up with attaching 12V gear
reduction motor in a waterproof, aluminum housing, to a 140cc plastic syringe. The syringe has
a flexible extended tube that can penetrate theskalike a hummingbird to a flower, enabling

the ROV to maintain position and complete the task.



Task #1:Remove the damaged riser pipe

Ourcompany must attach alineto$h ! mo 2t 0 2 y Wénfu§ prowdieiti8sNide . dRdLIS &
designand construct YSOKI yAayY @2 | DirihgdHe competithza G KS ! o 2f
member ofour company will hold onto ta other end of this line as theOV transps it to the

bottom. Once theROV has

al i OKSR GKS f A

and hassimulated cutting the

riser pipe by removinghe Velcro
strip, we will be able tgull on

the line by hand to move the
Odzim2FF LRNIAZ2Y
from the work area. For both
RANGER and EXPLORER, a 10¢

\ Velcro tab

long, 5cm wide piece of Velcro
loops will cover tk Velcro

hooks. AIOYTM g A RS N
oymA Yy OK t +/ O2dz
attached to the Velcro loops, centered in the midddéthe strip. The strip does notampletely

surround the PVC pipso if we are able tgrab onto thering of the Velcro strip the tab will be

easier to remee. The Veloo strip will be attached to theiser pipe by a 0.5meter length of

MKY TTAY OK ye@éf 2y ropeyQcelti2 Velclalbiip lisendvEdyfrém the pipe, it may

be released by your vehicl®nce the line is connected to the pipe and theNde LJIA LIS A & & Odz
member of your company can pull dhe line to move the riser pipe away from the work area

by hand.The ROV will not beequired to lift thefallen riser pipe from the wellheatiowever, if

time permits we would like to tryOnce theriser pipe is removed from theellhead, you may

pull it to the surface or deposit it on the bottom away from the work arahe riser pipe is

discarded on the bottom, it must not be touching any part of the remaining wellhead or the

cement base to the ellhead.



Task #2:Cap the oil well

We must design and build a cap that

fits onto the wellhead angtops the
flow of oil (which ideing simulated
by water) emerging from the top of
the wellhead. There are no
restrictions on thedesign of this cap,
provided that you adhere to the
general design and building
specifications for youROV and rules
on safety. Note that these
specifications, and this eveta N
specifically DISALLOME use of
chemicals or other agents that migh
damage the pool otts filtration
system or alter thavater in any

way, shape, or formSuch chemicals
include adhesives, greaseils, gels,
resins, and othecoatings. The cap
must be able to be removed from
the welhead at the end of your

missionperformance period.



Task #3:Collect water samples and measure depth

The water to collect at the sampling sites will be simulated by
adzLISNIJtal f AySs 0O2f avith RVChipdiednbligA v
from the top of it. We will need tccollectada | Y LI S K NP dz3

PVoipe. A red stripe on the pipe will mark tHecation at which to
measure the depth of the sampl&here will be three sample containers
at different depths.

We will need taeport depth data to the mission station judgemetric
units. If2 dzZNJ RS LIG K NBI R2dzi A& A yeadg y
determines pressure, you are responsible for converting to a metric
measurement of depth and reporting the metric valioethe mission
station judge.Our depth readingshould be visibled the mission station
judge on2 dzNJ w tlep @Gnitobk inegrated into2 dzNJ wdntol &
system or other device Our team must inform the judges when \aee
preparing to take a deptheading and when we are ready to hawer
measurement scoredThe judge must see the readitaken by our
vehicle. Thesamples S NB i NA S@S Ydzaid 0O2YS
sample from the containerEach mission station will have standard
color samples to determine the purity of your sample and a graduated
cylinder to determine volumeWhenthe water samplés returnedto
the mission station judge, the judge will pour it into tiggaduated
cylinder to determine volumeThen the judge will compare treample
against thestandard. Points will be deducted for returning a diluted
sample (i.e., a sample that is lighter in colMrencompared to the

standard).



Task #4:Collect biological samples

OdzNJ O2YLJ yeQa Gl aj
each of three specificdnthic organisms and
return the samples to the surfacdhe benthic
organism samples must be brought to the surface
without any damage to them to receive full points
In order to do this our team has decided to deplo

a basket with our ROV, which will be initially
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dropped off on the bottom allowing for us to grab
multiple specimens and safely bring the organis

to the surbiceall together.
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Design Rational ROV
Frame

After much discussion and
brainstorming we decided to use
a welded metal frame. We
understood we needed a robust
frame to hold and mount the
needed tools and manipulators
that were going to be a part of

the ROVThe frame design

2 1



gl a 02y ai NIEVTSmIuitFvWhiBhYs agnétal that is lightrable easy to bend and

shape. This allowed feounded corners and turns to be madelping to decrease the negative

factor of drag on the ROV in watérhe eam used an industrial conduit bender to shape and

fashion the conduit to the desired shape, which is winakes our ROV design unique. Weda

a welder on the team and we utilizétis skills to weld the conduit and seal it against flooding

and rust. Therime design has become the backbone of our ROV and the team has been
AdzZNILINAASR G GKS YIFySdz@SNIoAfAdGe YR O2y (G NRf
08 oyéX BKAOK Fft26a F2N LI Syide 2F Fadl OKYSyi
hydrodyramic. The frame is sealed at the welds, using 3M marine sealant. The frames rounded
edges gives the design less watesistance allowing the design to do the tasks in a controlled
manner.Another advantage of using
cylindrical pipe is that we can utilizdf

the shelf mounts for our thrusters and

cameras that were typically intended

for conduit tubing. Also by using a meta
frame it is easier to reach neutral

buoyancy by simply adding buoyant
tubes versus adding weight to the frame

to counteract our preagre vessels.

Thrusters

The thrusters used on the ROV were
made from converting Johnson 500 bilge
pumpsinto thrustersusing propeller
adapters and 50mm propeller§he
propeller adapters were machined on a
lathe by the teammembersand triak

were conducted ina fish tankio test thar

performance Different types of propellers were used in tests and the more efficient design was



picked.We settled on using 50mm propellers and 500 gph bilge pumps for many reasons. One of the
main reasons is because tMATE control board developed by Scott Frasier hdulitthe motor drivers

that were limited to 3amps of current with a max burst of 5 amfs for refining of our designs we had

to carefully choose which propeller to use because of our current limitatiouircontrol board. The H
bridgesthat weresupplied with the control board had a limit of 3 amps with a 5 amp burst. Although
our current when tested in the water was only around 1.6 amps for a single thruster, when we tied two
thrusters together they dre about 3.0 amps. We were worried that we would generate too much heat
on the Hbridges and we might get a thermal shutdown of the motor drivers. Although we will be heat
sinking the control board we wanted to have a decent margin of safety. In ordetdéondi@e which
propeller would provide the most thrust with the least amount of current draw, we conducted a bollard
pull test and measured the voltage, amperage, and bollard pull. From this we could determine how
much thrust was achieved with a delivereshaunt of power for a particular propeller size. We tested 3

2-bladepropellers at 50mm, 60mm, and 120mm.

After running the bollard pull test it 0,300 -
was determined that the 50mm 0-3%0 1
0.300 -
propeller was the most advantageous. g 0.950 | / e
This is because it provided the most | & o200 - "y
- E 0.150 H
thrust (@ .277 kgf) with the least 3 —SOMM
0.100 - 120MM
amount of current draw (@ 42.4 0.050
gridaove !'fiK2dzAK [i KONE o1& e
0 20 40 &0 a0

an increase in bollard pull between

Power{watts)

propellers sizes, we saw a significant | .
Figure 1. Curves of Bollard Pull vs. Power (watts) for 3 sizes of 2-blade propellers

reduction in power. This demonstrated

that the 50mm propeller was more

.. - Table 1. Table showing propeller size, bollard pull, and power respectively.
efficient whie providing near equal
amount of thrust as other larger — Bollard
diameter propellers. This vubd size(mm) I:';:I{kgf} |@ | Power(watts)
ultimately reduce the amount of heat 50 0277 42 .40
generated by the Hbridges and allow 60 0.247 49.52
120 0.237 52.24

us to tie to thrusters together to a

single Hbridge to run the ugdown thrusters.
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Also,500 gph motors were donated from our supporters at the InfraRed Telescope Facility (IRTF). They

also supplied us with propellers and propeller adaptérk S W2 Ky a2y pnnQ&a | NB Rdz
resistant motors that produce the power the ROV needs without hésit. The ROV has four

Johnson 500 motors for thrust and maneuverability. There are two motors for ascent and

descent and a motor on each side of the ROV for forward and reverse directions. The motors

Pl
C:
N

are ran to the control board and tied into the teth&ré 8 6 SY G KI G0 A aatf Ay 1S
topside We constructed shroudsilled out on a lathenanually fromPVC pipéo cover the
propellersproviding our ROV with the needed safety devices. The shrouds were also important
in helping to direct water flow @ar the propellers, allowing us to get the most thrust available

from our propulsion devices.

Gripper/Claw
The gripper/claw design

proved to bea challenging
yet fun design to come up
with. The team looked at
many different ideas and
then decided to se a

utility grabber bought

from Ace Hrdware. The
claw on the end of this
grabber is what got the
GSFHYyQa FddSy
is constructed of aluminum
and has a rubber coating
with larger pincers on the
tips. The rubber has grip in

the marine environment

and allows for multiple

11



uses on the ROV. The grabber had a claw design that the team wanted, but had to figure out

K2g G2 O2y@SNI AdG Ayd2 F g2NyJAy3 FddFr OKSR | NY
R2¢6y | né¢ GdzS | f 2 ¢ kdudionMdtar ¥ b&hpusddlin. Tan + 5/ 3IS|
waterproof the housing the team machined caps, shaft seals, ambgorts for the shaft to

run through to attach to the coupling adaptor. The shaft of the grabber was cut with a saw to

MHé | YR dza SR | ahofth& @ippeddBwitethBnisthJT MeInator shaft was

attached to a machined screw drive that rotates the shaft to open and close the claw

mechanism. The shaft and motor housing was sealed and coated with 3M marine sealant for

water tight resistace. All he parts and labor werdone by the team members.

Water SamplerExtractor

For the water sampler the team decidec

to usea 140cc plastic syringe with a
motor mount to run a machined screw
driven adaptor like the one used on the
gripper/claw. The leftoveshaft from

the original grabber was used as the
shaft and the 12V DC gear reduction
motor as the driver behind the
extractor. The motor was housed in a 1
oyé I £ dzY A yirdeichihdz@aimy
YI OKAYSR R2g¢y | né¢ (dzS It 2nanbtygrd bNzsed inFTANI | ™
waterproof the housing the team machined caps, shaft seals, ambgorts for the shaft to

run through to attach to the coupling adaptor. This design was copied off of the claw

mechanism and sealed with 3M marine sealant. @ésign has a rubber shaft coating to

prevent the plastic plunger from bending and coming apart. The extractor tip is integrated with

brake line to form a hard surface to attach the rubber line that is used to penetrate the task for

the water extraction. fie unit is positioned vertically on the ROV and a camera angle will

provide the coverage for guidance. The other thought behiadihg a rubber line for the

12



extractiondevice was that the rubber will also bend/mowat of theway when the ROV is

performingits benthic tasks.

Cameras

We are using a 3 camera system. One

isawide angle of 12@egreesand the
other has a 90 degrefield of view. We
decided to go with a single 120 degree
camera for our main navigational and
piloting camera and we wantetd have
the two other cameras dedicated to
angles that would assist us in our missio
tasks. These are CCD cameras with lens
versus the commonly used pinhole
cameras. They run off of 12 volts and
draw about 200 milliamps each. They usé
NTSC video encodinghe team looked ¥ :
at numerous designs and ideas,
before deciding to make the housings -
out of PVC pipe fittings. The PVC is
light weight and easy to make housings olitThe lenses were made froexan and cut with a
drill press by a team member. ThehgGsi & 6 SN YL RS dzaAy3a m oyé
GKS o1 O1Ay3 61L& I wé tx/ OFLI ¢KS fSyaSa
marine sealanto make the lens water tight. A hole was drilled in the backsidé®RV&@ap to

allow for thecamera video lingto run out with the marine sealant waterproofing the cameras.

The team tested the cameras in a fresh water tank and took note of any leaks, or problems. The
K2dzaAy3a LINRPOSR (G2 06S Rdz2N} 6t S | yR ideddddigh. ¢ SA IK

Using the three camera system has led to improved visibility and positioning for the task pieces.

The wide angle lens provides a clear view for driving and maneuvering around the tasks.
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Tether

The tether was donated to our team by the MAfdENndation and gives us a 100 faetach,
which ismore than what we need to accomplish the tagist gives us leeway for any error in
tasks and use dhe ROV in any situation. All components and parts were machined by the

team and put together in a worghop.

Control Scheme/Board

We used the MATE control board

because Darryl Watanabe at IRTF
was able to supply us with the

control board and component§Ve

assembled the control board as a

team based on the schematics given

and assembled accordinglyitivthe

use of tools necessary ttomplete

\

e
&

-
-.L."/_/(

the board.Also Darryl was a very

good asset tgyain consultatiorfrom

as he was developing his own board
as well. The board was equipped MATE ROV CONTROL BOARD
with H-bridge motordrivers @input
voltage), MOSFET outputs (@ input
voltage), analogdigital inputs, and a STAMP BASIC processor. There were also power and signal relays
for cameras but we did not use them as they were designed for 5 and 9 volt cameras.

Although uncompleted at the time our design tbe well head cap is going to be a spring activated cap
that will work by being looseBttached to the well head by four aluminum arms with a lip able to fit in

the groove. Once the arms are secured to the well head cap. Step two of the cap can bedclihés

entails having above the cap a loaded spring activated by pulling or twisting a pin that will allow for the
spring to unload providing the necessary pressure on the cap to stop the flow. On the inside of the cap
design will be two sets of-@ngsthat will help to seal the flow of water from escapifigm within the

cap.
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Wiring Diagrams

Monitor #2
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Cam ]

48v Source
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