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Abstract

Eripio is ahighly maneuerable and powerful work claBemotelyOperatedVehicle (ROV)designed
to meet the neexbf two separate competition&n additional goal wato design and buildurablecritical
componentshat are reusablen future ROVs. Taking inspiration frowarious professional ROVE&ripio
exhibits exemplarynaneuveability and manipulation that aredeal for the taskat hand.

A box frame constructed dfigh density polyethylenéHDPE)forms the main chassi€ripio has two
thrusters per axis that providex degrees of translational freedom and precise rotatiomadrol. Two
manipulators providexcellentversatility to accomplish &ariety of task requred of an intervention ROV.
The 40 psipneumaticsystemandregulated 24 volelectricalsupplywill be monitored by the tether contrahit
(TCU). This systenwill ensure that dull 24 V will be available to all thrusters at all timeSnboard voltage is
reducedto 12 V for the control electronicé poolsidelaptop witha customC# progranmwill continually poll
for input fromtwo joysticksanda keyboargd conmunicate with the ROV, and displéglemetry data

Ultimately, our ROV was the result bfainstorming, groupliscussionsanda demandingstructured
building process Systems were prototyped wi@omputer Aided Bsign(CAD) andii Car dboar d Ai d
De s i (@nackups) The final products well engineerednd ready for two challenging competitions.

Design Rationak

Frame Construction

High Density PolyethylenEHDPE)has always been our choice for primary frame construction. The
material iseasilymachinalke, costeffectiveandalmostneutrally buoyanthanks to its 0.96 g/cm?3 density
H D P Epdimarydrawback is itgelative inability to bondo asurface. To overcome this challenge we used
various fasteners to join partsttee main frameEripio6 box frame closely resembles many other professional
gradeROVs, consisting of upper and lower decks fastened to two side panels. Separate watertight pneumatic
and electrical control compartments are partially integrated into the frame and provide buoyancy.

Thrusters

Precise control, thrust, and e thédesgnandptagemeneaf e
thrustes. A total of six thrusters powetripio, two on each axis. Four custdmilt J-2 thrusters power
forward and vertical motion. The atdn of two translational -axis thrusters at the center of gravity provides
a full sixdegrees of translational motiatong with rotational control.

J-2 Thruster Designand Build

After developing thé-1 thruster andising it for a full seasqrwe revieved the design and magome
critical changesThe thrusteneeadto bemore reliable and easier to maintalWe determined thahe thruster
would leak if the motor and shaft waret directly centeredr if there wasny imbalance on the propellén
order to correct any manufacturing issue system would need to be cut apart @mapletely rebuilt



The two opposing shaft seah the 31 thruster wee redesigne@sa single shaft seal on the outsigigh
aceramicbearingstabilizingthe rotatirg shaft on the inside. The bearing provides motor and shaft stability
while eliminating vibrations in the shaft se¢alprevenieaking

The J-2 motors ardree floatingandareheld in place by two steel spring wrist pirighis allows the
shaft to autecenter off the ball bearing. The shaft seal, grease sleeve and ball bearing unit are all incorporatec
into one machined piece of Typeplblyvinyl chloride PVC). The solid stock, ¥pe Il PVC machinesand
glueseasily, allowing for versatiliy and precisin simultaneouslyPVC threading piecesereeliminatedfrom
the 32 design due tthelarge taper thatould notprovide an adequate sedlowever, one drawback of the2J
thrusters is that they are unable to be disassembled.

We performed testing on myof the modules prior ttull assembly. We tested the2thruster unitgor
performance anckliability (SeeFigure21 J2 ThrusterFigure2 for a CAD rendering using SolidWorks
showing thruster designyoltage and current were amured and a thrust profiteveloped in our laboratory
test tank using Logger@isoftware $eeFigure2 for the results of the forward and reverse thrust proditetfe
J-2 thruste). A timing strobe light was used to determine actual propeller revolutions per nipmajeo(ice
submerged in the tank. Our results suggested that our original gearbox motors needed to be replaced with a
lower rpm motor that maintainebdigher levels of torque. The end result was a negligible loggoéndbetter
current draw. As a result of testing, we determined that apfB@notor at 1.2 A was reduced to 6fn when
submerged (80% efficient), while a 9fiim motor at 1.6 A had itspeed reduced to 66pm when submerged
(70% efficient).

Figurel - J-2 Thruster Exploded CAD Rendering
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Figure21 J-2 ThrustefThrust Profile

The two translationghrusters face opposite sides, aviten combined, provide an average3
Newtonsof thrust at 5 A, as shown Figure3. Thetranslationathrusters are built from50gphbilge pump
motors and a radio contralrcraft turbo fan propThese thrusterare one of our numerogsistomdesigned and

built components integrated intoh i s y ekrip@s ROV
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Tether

We had three mai n gD wreltal bdogancy2)fléxibikty, aneé3areudabilitt et h e
The custorrbuilt tether met all of these goall.includes a 10 gaug-conductor power line, pneumatics
line, anEthernet line for communicatioa,composite video, shielded audio, XLR microphone, larel a
tempeature probe.Figure4 shows the electrical components of the ROV tetBeroyancy has been integrdte
into the length of the tether and enclosegatyethylene terepthalat®ET) expandable braided sleeving. By
usng expandable sleeving and integrating the buoyancy along thé lefntie tetherwe have developed a
tether thais easier andafer to handle. As a resoltthe components arttleinnovations to the tether, we
believewe will have a tether that willst us for the next several seasoAdditionally, the Tether Control Unit
(TCU), as diagrammed iarror! Reference source not found, has been constructed to provide a single point
of interface for all connectioran the tether.

10/2 Power
--------------------------------------------------- Pneumatic

75 Ohm Video

= XLR Microphone

Venner Temperature Probe
= CAT5 Data Line

Figure4 - ROV TetherComponents
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Figure5 - Tether Control Unit Electrical Diagram

Electronics and Programming
Eripiopbs contr ol s y s toathe PhidgetdliaesobeUSBased mieraconirdllers. The
main Phidgets board hagyhtdigital inputs and outputs amdghtanalog input&nd a USB hub. Phidget sensor
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boards areisedto monitor voltage and current at various points in the system, as ielpesvideother
diagnostic information. Other Phidgets dutardsare an &elay controller for pneumatics and lighting, and an
8-servo controller to interface with the speed controllers. Three Sabertooth du&VW®1 motor controllers
regulateEripio6 s t handthe otatioral motor of thenulti-axis manipulator arm Theelectronics container
also include®24V to 12V power converter to regulate powerth@ electronics boardsis well aghe video
multiplexer described belowrigure6 shows the electrical scimatic of the electronics module, ahidblel
shows the power requirements for the ROV.

With the Phidgets USBased controllers, programmiggipio is simple. Wth the Phidgets event
based API in Microsoft C#, operating a relay or motoreading diagnostic informatiammly takes one
function call. On the pool deck, a laptop is connected to a USB joystick for inpat#Bi8-overEthernet
extension unit connégto the main Phidget boasthd USB hulon Eripio. The main program polls ¢joystick
for input changeand translates these into commands to send to the Phidigedsontrollergo operate all of
Eripio6 s f u nQuntsoftevaresflow diagram is shovimFigure7 - Software Flow Diagram




5/2 Pneumatic Valve

AV

Left MAMA Position

ANy

Left MAMA Manipulator

Light Bar

Spot Lights

LCA-7700-C | | LCA-7700-C | | LCA-7700-C || LCA-7700-C

Underwater Underwater Underwater Underwater
Camers Camers Camers Camers
WIIR Lights WIIR Lights WIIR Lights WIIR Lights
T T

Right HAMA Extender

L

T
Right HAMA Manipulator
Tether 75 Ohm Video Line

_ Tether - Cat 5/ USB Extensi

|+ 12vpc nTsc |+ 12vpC NrsC +12vDC NTSC

DA Drn DHn

SO WD

B-GND
RT60VDC
Wi WM
signal
PWM Cable Legend

12 Volt
Bus

[ ]
24 Volt Buss he
Tether Tether 10/2 Power
Line
Jesuit High School
Translational Robotics
Vertical Forward / AFT ipi

Eripio Main Electronics Control Module
'

CREATED REVISED. FAGE

512512000 0512672009 1oty
W BY TENA

3ason isaacs DRAWINGL

Figure6 - Eripio's Electronics Control Module Schematic

10



v

Read Input
Keyboard

Start Program

S N 4

Send Data to ROV

Initialize Variables .
control signals

A 4 A 4

Read Data from
ROV

Read Input
Joystick Update GUI

I

Display

Figure7 - Software Flow Diagram

ROV Maximum Power Requirements

Description Devices | mA | mA Total
Front Bar Lighs 1| 1500 1500
Rear Bar Light 1| 200 200
Phidget Interface Kit 8/8/8 w/6 Port Hub 1| 2000 2000
Phidget Interface Kit 0/0/8 1| 380 380
Phidget Advanced ServeMotor 1| 2000 2000
Swann Quad Video Processor 1| 800 800
LCA7700c InfraRed Lighting 4| 300 1200
SMC SY3000 Series Relay 4 9 36
J2Thrusterso 4| 4500 18000
750 GPH Bige Pumprhrusters 2| 4500 9000
Total 35116
35.1 Amps

Tablel- ROV PowerRequrements

Video Control System

Eripio is equipped with four LCA7700 underwater color cameras fréme Lights, Camera, Action
Corp. These cameras have functioned flesgly in numerous competitions. With their builinfra-red lights
the ROV works welln low light visibility conditions. Threefixed cameras are positioned to provide clear
views of the rescue skirt payload, horizontal manipulator arm¢géietdentobjects behind the RQVThe
fourth camera is attached to the multi axis manipulatortarcearly showthe manipulatoarmno matter
where it is positionedl'he four cameras are multiplexed into a fehannel video multiplexing board

delivering thirtytwo frames per second of video per channel to the surface via a new shielded video line.
11



Pneumatic Control System

The pneumatic system provides the control functions for the two manipulator arms and is housed in a
separate watertight containeAir is fed to the ROV by togside ar compressor and regulated4 psi by the
TCU. FourSY320SMC relays control bdirectional pneumatic cylinders. Working with the SMGA
vendor we were able to select a cassette style relay making maximum use ahsis@ceviding ermugh room
to addadditional relays in the same contaiifereeded A 12-port bulkhead connection allows for the easy
transition of pneumatic tubing from the inside to dlsideof the container. Excess air is bled off aad f
down a snorkel tube, thenrough a onevay valve to prevent water fromenteringhe system.Figure 8
shows the pneumatic®ntroldiagram ofEripio. Although a pneumatic control system would notmallybe
found ona production ROV such an arrangemedirectly parallels the form, functioand principes ofthe
hydraulic control systems deployed similar work class ROVSs.

Multi-Axis manipulator Arm

Bi-Directional Pneumatic Cylinder 509 cm el
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Bi-Directional Pneumatic Cylinder
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Figure8 - Pneumatics Control Diagram

Manipulators



Two distinctly different manipulators gitbe ROVthe versatility to performawide variety of tasks.
The multi axis manipulator arm (MAMA) can haggher a vertical or a horizontal orientation, operated by a
pneumatic rotational actuator, and can rotate a full 360 degrees about its own axis with a 5 rpm motor. The
MAMA is ideal for tasks such as opening hatches and turning handles. A secontkeanorjzontal axis
manipulator arm (HAMA) can extend an additional 20 cm from the main body with a pneumatic piston,
enabling the ROV to extend without having to change positions. Both arms have manipulator claws operatec
by pneumatic pistonsFigure9 shows the MAMA, whileFigure10 shows the HAMA grabbing an ELSS pod.

Figure9 - Multi Axis Manipulator Arm Figurel10- Horizontal Axis Manipulator Arm

Mission Strategy

The two robots, Eripio and GOD, were designediftierent purposes; however, they work together to
complement each other in completing the mission. Eripio functions as the primary work class ROV that
complées the physically demanditgsks while GOD functions as an auxiliary robot designed to retrieve
samples.

With theextending capabilities of tHeAMA , Eripio can easilyetrieve and deliver objectdJsingthis
function, Eripio willfree the researckhip anchoas well agetrieve and deliver the scientific packadée
second manipulator arm, the MAMArovides more precise movemenan the HAMA allowing Eripio to
perform tasks that require accurate and exact movemaniong the tasks requireteactivatingthe
emergency ascent device on the broken RDkAIng on the work lights, and attachitig broken mooring to
the sensory statiorEripio is also eqipped with a hydrophone, which the ROV will use to record sounds from
the volcanicventt A her momet er from Ver ni er willseusedteneasuretheEr i p
volcanic ventdés temperature.

The small size of GOD allows it teavelinside the ice tunnel to complete the tasks that Eripio is
physically unable taccomplish The claw that GOD is equipped with easily opens and closes to retrieve
sample. While in theice tunnel GOD will use a Verni@ressure sensor to calculate the depth within the ice
tunnel. Once finished with the tasks insittee ice tunnel, GOD will collg the bioluminescent bacteria samples
along with the ice core sampléhe small ROVs ideal forthese taskbecause its smadize and versatility
allows for quickand precisenaneuverability.When done collecting all the samples GOD will provide
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addiional lighting forEripio if necessary Fi gur e 11 shows GO@®Dauseed ectr on
Playstation 2 controller and a Parallax Basic Stamp 2 microcontroller along with three Paraéaxsp&ed
controllers. The Playstation 2 controller signax$ended to a 100 feet by using a-&88 interface.
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Figurelli GODO6 S El ectroni cs
Figurel2i GOD CAD Rendering Figure1l3- Retrieval Basket Payload Attachment

Lessons Learned and Skills Gaied

Team memberBavegained a variety of skills in the desigievelopmentand bui | di ng of
ROV project. The RO\¢onstruction this year includesilization of materials such adDPE, aluminum,
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