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Seawolf Ills an observational/working class ROV, designed and built for discovering and
retrieving artifacts and debrigom historical shipwrecksSeawolf Ills also designetb
determine the origin and dates ofhven these ships were in service, and whaidkof cargo
the ship was carrying whenwas decommissioned

Its design, refinement, ancbnstruction ae the result of the collectivenagination,

innovaton, and effort of the Seawolinderwater Robotics Engineering (S.U.R.E.) team
members. Drawm DlidWorks andriventor 3D CAD softwareSeawolf llis designed with an

eye toward versatility and adaptabilitizachS.U.R.Beam member participated in

brainstorming, designing and building the ROV. Through this process, each member was able
to gain tedinical skik and techniques to build a safe, reliable and easy tdR8¥. Théotal
fabrication ofSeawolf Ilhlone isapproximately$8,126.5.

The 2014 Seawolves Robotics Team
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2.1 Overview

Sawolf lllis comprised of maluminum and stainless steélame that creates theigid
structure There arewo acrylic tubegoined together by a milled aluminubiock thatcontain
most of the electronicsBeloware a hydraulic manipulator and an additional acnylibe that
contains all othe hydrauliccomponents Movementis controlled byfour vectored horizontal
thrusters and four verticahrusters Seawolf Ilhlso featured ED lighting and a neutrally
buoyant tether Seawolf llIs piloted by a laptop and an Xbox controllelany of the
components that we are rasing fromSeawolf livere donated items that were not paidifo
by theS.U.R.Beam. There wasnuchroom for improvement on the ROiat the team felt
these items should bBne to re-use.

Figure 1Seawolf 111

2.2Frame

TheSeawolveRSOA RSR G2 dzaS flaid &St dgihefamgwas o6 S
designed and tested in Inventor and SolidWorks 3D CAD software byafimg and design
engineersThe end pieces are constructed from 1cm 6061 aluminum alloy because of its light
weight and great resistance to corrosidrhe triangleshape frame was chosen because it
reduces the amount of upward drag aradlowsfor a more even distribution of weighiThe

frame dso consists of sixstainlesssteel crosamemberswhichjoin the two end pieces
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together and hold the fouvertical thrustes, and fourg vertical $ainless steel strutgvhich

join the top and bottom struts together and allow the four mmontal thrusters and outriggers
to be mounted

Figure 2: This & 3D rendering athe frameand
main electronics housing mintise outriggers
that hold the buoyancy compensating tubes.

¢ KS | f dzYAydzy 2 dzi NXdidreeNdlywsldaoidatub&stotadkl buoybipcy
to the ROVThe top of the ROM alaser cutpiece of stainless steel bearing tBeawolveQ
name with a piece ofpainted syntactidoamunderneathfor additionalbuoyancy.

2.3 Electronicsand Housing

The electonics are enclosed inside twild.Zm diameter acrylic tubes, which are joined
together by gpiece of aluminunstock(milled outby our machinigt and provie a flatsurface
to mount7 bulkhead connectors and@essure relief plug. The plug allows the electronics
tube to be taken apart and rmstalled with less effortBothends of each tubeare sealed
using twocustom madeO-rings. On both ends of the tukessembly are aluminum end rings
and acrylic domes. The aluminum end rings are apivece assetoly that bolt together and
hold the acrylic domewhichare sealed byanother Qring. The purpose of the aclig domes
on each end of theube assembly is to pvide adequate room for thean and tilt camerato
givethe largestpossibleviewingangle

R y, € PO .
Figure3: Pan and Tilt Camera inside acrylic domiida custom  Figure4: This is the hydraulic manipulator and feet-
3D printed mount keep the manipulator dfthe ground.
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Our electronicengineersdesigned and built a nean-boardpower supply to convgertlthe
supplied 48vDC intbltered 24\DC 12\DCG 9vDCand 6\DC This allowsis to provide

adequately filtered power to all electronics and components onRIG¥ that require less than
48vDCThis power supply makes use of industry standard 1/8 WG C converters

commonly found in network equipmenthese converters are 94.5% efficient and can operate
in a variety of harsh environmentSach converter is fesl to prevent over current.
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Figureb: Two sidedPCB design of the power supply bodrdwn by our Electronics Engineer
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There is an Ethernet switchgsidethe electronics tube, which connects the tether to the
chipKITMax32(see Section 2.4 Microcontiter) Ethernet sield and the AXIS video encoder
(see Section 2)7Thisallows the controlaptop to communicate with eacbf these
components We decided to changtae previous yed® commurication protocol from R885
to Bhernet whichprovides a more direct communicatiowith the built-in Ethernet interface
of the Max32 After the tether connects to the ROWe signal is connected to an Ethernet
switch via RJ4%nd from there to the Max3gnicrocontroller and to the XISvideo encoder.
There ardwo motor controller boads thatcan control up to four thrustersach These were
alsodesigned and built bgur electronicengineers The power suppi board as well as the
motor controlboardis continually monitored fohightemperaturesby 12C sensor$n addition
to these,an ambientcontrol housing temperature islsodisplayed orthe front panelas
shown n Figure 6This allowsdigh temperaturs

to be easily seeiy the pilot so the program can
Ambient 12V Supply Motor Cont. Moter Cont. i . .
o- ) | 0oy |0 ) | [ 200 Figure 6: A be stoppedbefore somethings damaged.
il ES N ES L ES screenshot of the - However, the 1/8 brick DOC convertersnotor
- | |2 | ) 20 | 2 temperature controllers and other components haviilt-in

100- 150~ 150 150 gauges on the .
5 W oo | oo | o front panel in shutdownthermal protectionthat protects them
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Figure7: Ethernet switch inside rear main electronics tul Figure8: Thruster control boards insideont main
electronics tube

We also addedral2C3-axisaccelerometethis year. This allows us to be able to see our pitch
and yaw of the RO¥s a horizon indicator on the front paretdalsouse these valuesn our
custom auto level contrdlsee Figuz 20).

2.4 Microcontroller

This year, we decided to upgrade ourNi6iz 8bit Arduino Mega2560to an 80 MHZz32-bit
chipKITMax32. Thtis 5 times the processing speed! The chipKIT Max32 is based on the
Arduino open source hardware prototyping platin but adds the performance of the
Microchip PIC32 microcontroller. It features al@2MIPS processor core running atlg®iz,
512K of flash program memory and 128K of SRAM data meifteryprevious Arduino Mega
HpcnQ&a ! ¢aS3al Hp eaures AnENRA\IREroftdsdoPchré rArving at 16 MH
256K of flash program memory and 8K of SRAM data memory.

Figure9: TheArduino Megamicrocontrollerwas used last  FigurelO: The chipKIT Max32 has the safoen factoras
yearfor the control system the Arduino Mega

The mcrocontroller runs an #nouse customized firmware version of theNX open source
project (www.labviewhacker.com)This firmware accepts Ethernet packets frbabVIEWAnd
translates that into commands to the dward ROV hardare.



