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Abstract

The Typewriter Repamnen underwater robotics team has been revived after competing in NURC
from 2009 through 2013. We are a family team, and compete for fun. In past years we made two
ROVs, notBd, and Babgreference 1)These robots used mostly specially fabricated paris. Th
year we decided to build a new ROV using mostly off the shelf technology. We purchased
thrusters, control system parts, and a waterproof enclosure from Blue Robotics. We made our
own frame and power distribution system.

Our analysis of the mission le to decide to build a robot that is highly maneuverable, with
goodall-aroundvision and lighting, and a single degree of freedom manipulator.

As typically happens with complex projects like this, we did not get as early a start as we should
have, and w are having last minute problems with some parts of the robot. The driving and
vision systems are working okay, but the manipulator does not yet work as it should. We may
scale back our mission goals, perhaps we will see if we can develop some pasguéatnas

in the remaining timeor we may purchase an off the shelf gripper
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1. Introduction: The Typewriter Repairmen is a family robotteam Jim, the lead engineer, is

a retiredmechanical engineer. He has worked with the local FIRST high school robotics team
NERDS for the past 13 seasons as an engineering mentor. Janet, his wife, is a retired engineer.
Jim's brother David is an Electrical Engineer at the University of Ariz&taisard Observatory,

and also runs a side busin€athode Corner, which sells neat electronic gadgets. Carol has been
competing in NURC first as a student, since 2007. She is employed as a technician. Linus has
competed in robotics through high schoald @ now preparing for engineering school.

2. Design Rationale. As we have in past years, w analyzed the requirements of a robot to play
the NURC game. Using this analysis, we figured out what the robot capabilities need to be. In all
games the same ganal requirements of small size, high maneuverability, good vision, and good
lighting, apply. The need for a manipulator changes, but noténtldk year it seems that a

single claw that is fixed to the robot, should be able to handle most of the ganse prexre is

no need for temperature measurement, but there is for depth, and for measuring a horizontal
distance.

We discussed and decided on using a six (6) thruster layout withditioalsin front, one

vertical in rear, two forward on the sides, anldteral thruster in the cent®Ve conceived a

frame consisting o& "box" of thin 1" aluminum angle. The design was made so that the

thrusters could be easily relocated if necessary and so that the enclosure is easy to work on.
Having some experienceitw redesigning a previous NURC robot (Babs) a few times, the
importance was known of thruster location relative to the centers of mass, buoyancy, and drag, in
all directionsWe also consideretthe relative location of the center of mass and buoyancly, wit

the tentative requirement that the robot be stable, but not too stable. The stability helps keep it
level, but too much will make it hard to tilt if needed to reach down with the claw, for example.
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We discussed several ideas for manipulatoreideais a "barb"” to skewer the brain blood.
However, the ability to tilt it presented some issues and the idea did not progress Vérg far.
talked about using aammercially available manipulator, such as the BhiaRicsclaw and at

the VEx clawWe discussedsing a 70:1 reduction. VEx claw with a BR@boticsbrushless

motor, and using a combination of worm and spur gears to drive the claw. A tentative design of
about one (1) second opening/closing time would be good, and motor speed of 4000 RPM,
would requre about a 70:1 reduction.

3. Systems Overview.

3.1. Control System: He control systerns based on the Pixhawk autopilotludes a Raspberry

Pi 3as a companion computer Pixhawk controller, an Xbox gamepad, and a laptop. It also has
six BlueRoboticsmotor speed controllets power thesix T100 thrusters, and a USB camera

with onboard H264 encoding.

3.2 SCULL: Most of the control system is mounted in the Sealed Compartment for Underwater
Light and 'Lectronics (SCULL). The lights, power suppl camera, Pi, Pixhawk, speed

controllers, and servare inside th@ominal sixinch diameter, onéoot longenclosurewhichis

from Blue Roboticgreference 2)The ends are aluminum, the tube is acrylic, and it is all sealed
with O rings The cable peetrations are also from Blue Robotics, and are threaded aluminum
units with the cables potted in marine epoxy.

3.3 Power System: The ROV is powered by an on shore 48v battery pack. This consists of four
12v sealed lead acid batteries, with necessaitglsiwg to charge in parallel at 12v, or in series
at48vto providepower to the tether cable. The battery pack also includes a voltmeter, and a
solar charging controllein past years we have used solar power to recharge the battery pack,
but there is o requirement this year, so we plan to use a small automotive type charger, plugged
into a wall outlet.

4. Features

4.1 Electronics Panel. The electronic components are mounted to an aluminum panel that is
mounted vertically lengthwise in the SCULThis panel holds the computer, terminal strips,
camera, motor controllers etc. It also provides some heat sinking capability for the motor
controllers.

4.2. Power Supply. The robot is powered by an onshore battery box with four 12V, 7AH SLA
batteries. Tiese are wired to switches to allow either series connection for operation, or parallel
connection for charging. The tether power cable is a 16 AWG cable carrying 48V to the robot.
The use of the high voltage and onshore battery pack allows the robotenytsenall and

lightweight, while not requiring expensive lithium batteries. Additionally, the battery system

can becharged via a solar panel. The Raspberry Pirequires 5V to operate. A 3 Ampere USB car
lighter power adapter was modified by addingesito permit direct connection to 12Ah

additional adapter was used to provide 5v power to the Pixhawk servo rail, to support the camera
tilt servo.
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4.3, Camera. The camera is a 1080P resolution, H.264 USB board camera. It is mounted on a
micro servo® permit it to bdilted vertically, for viewing the path ahead, the claw and the

surface as needethe entire ROV can be turned in the yaw direction, so there is no need to have
a pan mount and servo. This simplifies the camera mount.

4.4. LED Lighting. The mission takes place at night, so illumination of the scene is provided by
a pair of 10 Watt LEDs mounted near one end of the SCULL. The LEDs are powered from 12V
through current controllers. The current controllers were modified to make the PWMndymmi
function available to thPixhawk by adding wires to the PT4115 chips. The LEDs are mounted
to a panel that is bolted to one SCULL end plate, for cooling purposes. A light baffle blocks the
LED light from reaching the camera directly.

7

4.5, Frame: Theobot frame is designed to connect the various parts together. The philosophy
behind the design is fAcheap, |light, and fasto
extrusions, connected with screws and nuts. The thrusters are screwed to ¢hatichthere is

also steel rod ballast attached to balance the robot.

4.6. Thrusters: The six thrusters are from Blue Robotics, the smaller T100 model. They provide
plenty of thrust for this small ROV, even at the default half power setting.
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5. Electrical Schematics.The following is the electrical schematic for the system.
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6. Expense Sheet A detailed list of materials is provided at Appendix A. The summary cost is
provided here for each subsystem of the ROVtal cost for the ROV i$2,177.24

External Parts $1,31339
SCULL $ 646.68
Power $ 217.17

7. Test and Evaluation We tested various parts of the robot as we were building it. For
example, we connected the control system components together while they werersiting o
table, and checked for operation of the camera, thruster, servo, etc.

Wethentested thesystems after installing the electronics on the panel, and again after installing
it in the SCULL. We did encounter some problems with the power supply fornieraailt

servo, and our first version of the manipulator did not work as well as we hoped. Linus got to
spend some time driving the robot in a pool before the competition, and we hope to get more
practice in the final week.
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