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Abstract

The Typewriter Repairmen is a family adult team. Several team members have vast experience in high school robotics, both with FIRST and NURC. This is the team's third year of competition in NURC. 

Our goal this year is to get a good score, while doing as little work as possible. We have decided to reuse both our previous ROVs instead of building another. We spent a few days making some modifications to the ROVs and testing these modifications. We also took time to make mission props and test our ability to perform some of the more difficult maneuvers in the mission.

Team Goal

The Typewriter Repairmen is a family team. Our goal is to have fun and enjoy each other’s company while doing a very good job of completing the requirements of the NURC competition and sharing our experiences with the other teams. 

Mission Analysis

We built a spreadsheet of the mission tasks, estimated execution time, and point rewards to create a ranked list of the reward/effort ratio for each task. The tasks have a two-to-one range of points/minute. Based on this spreadsheet, we have decided to attempt to perform all tasks in the mission, although we have not devoted much time to building special robot hardware for each task. We did have to modify the ROVs to accomplish some of the tasks. 
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Existing ROV Systems

The Typewriter Repairmen currently have two complete ROV systems. NotBob, the yellow ROV, was built for the 2009 NURC competition “Mount Terror: Fire Under the Ice”. Babs, the red ROV, was built for the 2010 competition “Nessie Quest”. Both ROVs have a steel strap frame and a cylindrical electronics housing. Thrust is by bilge pump motors with ducted propellers. The ROV electronics consist of custom designed hardware.

NotBob was a radical departure from typical competition ROV designs. His design was based on systems engineering principles, combined with novel design concepts. The vision system includes a tilting camera, giving him excellent vision over a wide area . The electronics and camera enclosure is sealed with O rings to prevent leaks and provide easy service access. The electronics system was custom designed and built just for use in an ROV. The chassis is made of steel, which is easy to fabricate and cost effective. 
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Babs is a refinement of notBob. She has most of the same features, with some improvements. The electronics enclosure wiring is all sealed with individual O rings, which are easy to use, inexpensive, and provide excellent sealing (we have never found even a drop of water inside). The electronics is smaller, more capable, and can be reconfigured during operation. There are more thrusters and a lighter chassis for improved speed.
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ROV Modifications

Since we are using two ROVs that we had built in previous years, the 2011 build process consisted of modifying these ROVs. 

Since both ROVs are still in good working order, we decided that we would use both of them in the mission to increase our chances of completing all tasks in the allotted time. We did feel that some modifications to Babs to improve her maneuverability were needed, so that she would be able to place the life forms in the shallow specimen holding tank. 

Babs

Babs is a very capable little ROV. She has six drive motors (two fore-aft, three lift/dive/pitch, one strafe) for ample thrust in every direction. Her control system is versatile and easy to drive and configure. Her manipulator claw both grips and rotates. We saw no reason not to use her again this year, although we knew she would need some modification to complete the mission. The main issue was the need to be able to reach up with her claw. 

We spent quite a bit of time exploring ways to build a new rotating arm/claw assembly. None of the concepts we thought of looked easy to build. We finally realized that we could probably get away with simply modifying Babs to be able to reach up with her existing claw. This plan would require reducing her stability, to increase her existing tilting ability. ROV stability is a result of having the center of buoyancy higher than the center of mass. 

Babs required a bit of frame and float modification to reduce her stability enough to improve her ability to pitch fore and aft on command. The original floats were two 1-liter stainless steel cans of 10cm diameter. The float cans have been replaced with a hollow, 12 x 18 x 18 cm block of syntactic foam - a mixture of glass microspheres and polyester resin, as used to make lightweight fiberglass structures such as aircraft. The advantage of syntactic foam over the cans is that it can be formed into any shape desired. In this case, the cube of foam is placed at the rear center of the frame. 
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Using the syntactic foam float allowed us to move the two fore-aft thrusters back inside the frame edge, making Babs narrower. The new flotation system allowed us to relocate some of the ballast to a higher, more forward location. This gives her better maneuverability as well, allowing the differential vertical thrusters to hold Babs in a pitched attitude from full-face-down to full-face-up with little effort. 

An opposite pitch propeller was built to permit the two fore-aft thrusters to be counter-rotating, thereby eliminating rolling torque reaction.

The torpedo launching system and laser sight used for the 2010 mission were removed from Babs to save weight. 

No changes were made to the electronics portion of either ROV, as they perform all needed tasks and are fully functional. However, a second battery box was needed to allow both ROVs to operate at the same time. The original 48V battery box was duplicated, but using a slightly larger toolbox to allow storage of the controller, transmitter and associated cables inside the box. Each battery box has four 12V 7AH lead-acid batteries, and a set of four center-off toggle switches to enable solar charging in parallel and ROV operation in series. The new box also includes a digital panel voltmeter, to monitor charging voltage, and allow quick checks of the voltage of each battery.
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The solar charging systems work very well, and we continue to use only solar power to charge the ROV batteries. The batteries and solar charging system are also used at the Burning Man festival each fall.
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Software

NotBob

One problem we encountered was that we designed NotBob to use two vEx remote transmitters, requiring two ROV operators for a single ROV. Our experience with Babs last year having a single operator was more effective, so we decided to see if we could change notBob to use a single controller. We figured out that by using a USB gamepad, an Arduino microcontroller board, a netbook, and some publicly available software, we could create a new control system with the same control configuration as Babs. 

A python script communicates with a Logitech Gamepad, using the laptop's larger computing power to determine motor speeds and run control loops. Since python is an interpreted language, deployment time for code fixes is reduced drastically. The Arduino acts as a signal relay, converting USB serial information into modulated pulses. Each vEx transmitter has 6 channels; each pulse starts with a 400 microsecond low signal, followed by a 700 to 1500 microsecond high pulse. The Arduino converts serial data from the laptop into simulated vEx transmitter pulse delays while sending back analog readings from the depth sensor. An optional PID loop can be engaged, maintaining NotBob's current depth to ease complicated driving maneuvers. The control system physically contains the same number of parts, but is generally smaller; two transmitters have been replaced with a laptop and gamepad, while the Hello Kitty Command Console has been modified to hold the Arduino.
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Testing

The 2011 mission requires the ROV to capture a life form and place it in a specimen holding tank. We built a prop of the bobbing life form in order to test our ability to perform these tasks. Rather than make a complete motorized unit like the actual mission props, we made a simpler passive life form with positive buoyancy. 
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We attached a length of fishing line to the prop, running the fishing line through a pulley attached to a brick placed at the bottom of the test pool. Pulling on the fishing line causes the prop to move up and down in the pool. 

We tested our ability to place it in the specimen holding tank by simulating the edge of the tank with a piece of PVC pipe held 10cm under the water surface by two team members. 

New skills

The Typewriter Repairmen look forward to the build season as an opportunity to expand their skill set. This season provided the chance to learn how to make syntactic foam using polyester resin and microspheres as a filler. Searching the internet revealed very little information about making syntactic foam. There were a few hints, but no “how to” articles. We decided to buy some materials, and experiment. There are a few online stores that sell composite materials, so we purchased two gallons of microspheres for filler. Polyester resin is available locally at building supply stores and auto paint stores. Online research indicated the best approach would be mixing the resin with its catalyst first, then adding a third of the filler at a time, mixing thoroughly at each step. The unknown was the ratio of resin to filler. Our experiments showed that a volume ratio of between three and four parts filler to one part resin was about right. Less filler leaves a runny mixture, and more filler makes it too stiff to mix and work with.

The creation of a new control system for NotBob provided the opportunity to play with an Arduino controller and to build an application in Python. 

Lessons Learned

We encountered a problem with the foam block while testing Babs. One corner of the foam began to take on water. The resin apparently hadn’t been mixed thoroughly, causing the foam to be hydroscopic. To repair the block, we cut off the defective corner of the block and applied a patch, taking care to mix the resin thoroughly.

This control system has been implemented in the Python language, chosen for its ease of use and fast edit-test cycle. Unfortunately, the platform on which Python is running is Windows 7, which is less than ideal due to its ability to run so many various applications, and it’s almost infinite configurability. When the computer hibernates, the Python interpreter gets into a bad state, from which the only recourse is a power cycle. The simple solution is to close the Python application before putting the computer into the hibernation state.
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Original Bill of Materials

NotBob

	Section
	Part
	Material
	Source
	 Unit Cost 
	Quantity
	 Total Cost 
	Actual

	Electronics
	Board
	Aluminum 1/4" x 4" x 8"
	Online Metals
	 $      6.70 
	1
	 $        6.70 
	 $            -   

	Electronics
	Board Mount
	Aluminum Angle 1/16" x 1/2"
	Ace
	 $      4.79 
	1
	 $        4.79 
	 $        4.79 

	Electronics
	Cables
	Epoxy Plastic Slow Set
	Ace
	 $      3.49 
	1
	 $        3.49 
	 $        3.49 

	Electronics
	Velcro
	Industrial 2" x 4' Black
	Ace
	 $    10.99 
	1
	 $      10.99 
	 $      10.99 

	Electronics
	Connector
	Bulgin 2 pin male cable
	Digi-Key
	 $    12.10 
	4
	 $      48.40 
	 $      48.40 

	Electronics
	Connector
	Bulgin 2 pin female cable
	Digi-Key
	 $    10.05 
	1
	 $      10.05 
	 $      10.05 

	Electronics
	Connector
	Bulgin 2 pin male panel
	Digi-Key
	 $    11.56 
	1
	 $      11.56 
	 $      11.56 

	Electronics
	Connector
	Bulgin 2 pin female panel
	Digi-Key
	 $    10.34 
	4
	 $      41.36 
	 $      41.36 

	Electronics
	Connector
	Bulgin 6 pin female cable
	Digi-Key
	 $    11.99 
	1
	 $      11.99 
	 $      11.99 

	Electronics
	Connector
	Bulgin 6 pin male panel
	Digi-Key
	 $    14.16 
	1
	 $      14.16 
	 $      14.16 

	Electronics
	Connector
	Bulgin 9 pin male cable
	Digi-Key
	 $    10.90 
	1
	 $      10.90 
	 $      10.90 

	Electronics
	Connector
	Bulgin 9 pin female cable
	Digi-Key
	 $    10.90 
	1
	 $      10.90 
	 $      10.90 

	Electronics
	Connector
	Bulgin 9 pin male panel
	Digi-Key
	 $    12.51 
	1
	 $      12.51 
	 $      12.51 

	Electronics
	Connector
	Bulgin 9 pin female panel
	Digi-Key
	 $    12.42 
	1
	 $      12.42 
	 $      12.42 

	Electronics
	Controller
	ESC4A Speed Controller Board
	Cathode Corner
	 $  150.00 
	2
	 $    300.00 
	 $    300.00 

	Electronics
	Controller
	vEx Transmitter
	vexrobotics
	 $  129.99 
	2
	 $    259.98 
	 $            -   

	Electronics
	Case
	Hello Kitty lunch box
	Target
	 $      9.99 
	1
	 $        9.99 
	 $        9.99 

	Electronics
	Case
	Zero Aluminum Case 18x24x7.5
	Cases2Go
	 $  450.00 
	1
	 $    450.00 
	 $            -   

	Electronics
	Case
	Zero Aluminum Case 18x13x5
	Cases2Go
	 $  350.00 
	1
	 $    350.00 
	 $            -   

	Electronics
	Connector
	Molex Jr 8 pin pair
	Digi-Key
	 $      4.25 
	2
	 $        8.50 
	 $        8.50 

	Electronics
	Connector
	Molex Jr 6 pin pair
	Digi-Key
	 $      3.45 
	1
	 $        3.45 
	 $        3.45 

	Electronics
	Connector
	Molex Jr 2 pin pair
	Digi-Key
	 $      1.85 
	3
	 $        5.55 
	 $        5.55 

	Electronics
	Connector
	Bulgin Gland Pack
	Digi-Key
	 $      1.04 
	8
	 $        8.32 
	 $        8.32 

	Electronics
	Connector
	Bulgin Cap Plug
	Digi-Key
	 $      1.48 
	6
	 $        8.88 
	 $        8.88 

	Electronics
	Connector
	Bulgin Cap Socket
	Digi-Key
	 $      1.14 
	6
	 $        6.84 
	 $        6.84 

	Float
	Tube
	3" ABS Sewer Pipe
	Lowes
	 $      4.02 
	1
	 $        4.02 
	 $        4.02 

	Float
	End cap
	ABS end cap
	Sutherlands
	 $      4.79 
	4
	 $      19.16 
	 $      19.16 

	Float
	Clamp
	Hose Clamp #64
	Lowes
	 $      1.53 
	4
	 $        6.12 
	 $        6.12 

	Float
	Valve
	1/4" petcock
	Home Depot
	 $      2.51 
	2
	 $        5.02 
	 $        5.02 

	Frame
	Skids
	Steel rod 1" x 36"
	Aztec Welding
	 $      3.20 
	2
	 $        6.40 
	 $        6.40 

	Frame
	Else
	Steel strap 1/2" x 1/8"
	Aztec Welding
	 $      8.04 
	1
	 $        8.04 
	 $        8.04 

	Gimbal
	Structure
	Aluminum Sheet 5052 0.050"
	Online Metals
	 $    22.56 
	1
	 $      22.56 
	 $      22.56 

	Gimbal
	Servo
	Metal Gear Servo HRC32225S
	Hobbytown
	 $    33.50 
	1
	 $      33.50 
	 $      33.50 

	Gimbal
	Camera
	Color Security Camera
	Radio Shack
	 $    29.99 
	2
	 $      59.98 
	 $      59.98 

	Gimbal
	Light
	Halogen 20W MR16 Flood bulb
	Lowes
	 $      5.98 
	1
	 $        5.98 
	 $        5.98 

	Gimbal
	Light
	Luxeon LED 3W 5 pack
	cece718
	 $    17.97 
	1
	 $      17.97 
	 $      17.97 

	Gimbal
	Light Socket
	GX 5.3 Bipin Lampholder 2 pack
	hamizoh
	 $      4.99 
	1
	 $        4.99 
	 $        4.99 

	Manipulator
	Motor
	Rule 500 Bilge Pump
	Amazon
	 $    18.88 
	1
	 $      18.88 
	 $      18.88 

	Manipulator
	Sliders
	Cutting Board HDPE
	WalMart
	 $      1.97 
	1
	 $        1.97 
	 $        1.97 

	Manipulator
	Arms
	Alum Channel 3/8" x 1/2" x 1/16"
	Ace
	 $      7.99 
	1
	 $        7.99 
	 $        7.99 

	Manipulator
	Arms
	Alum Channel 5/8" x 1/2" x 1/16"
	Ace
	 $      8.49 
	1
	 $        8.49 
	 $        8.49 

	Manipulator
	Screw
	Threaded Rod 1/4-28
	Ace
	 $      1.99 
	1
	 $        1.99 
	 $        1.99 

	Manipulator
	Grip
	Mouse Pad
	SWS
	 $      2.50 
	1
	 $        2.50 
	 $        2.50 

	Manipulator
	Basket
	Bath Chrome
	Target
	 $      9.99 
	1
	 $        9.99 
	 $        9.99 

	Paint
	Red
	Krylon Banner Red 12oz can
	WalMart
	 $      2.97 
	1
	 $        2.97 
	 $        2.97 

	Paint
	Yellow
	Krylon Sun Yellow 12oz can
	WalMart
	 $      2.97 
	3
	 $        8.91 
	 $        8.91 

	Power
	Switch
	DPDT 20A Center Off
	Radio Shack
	 $      3.99 
	4
	 $      15.96 
	 $      15.96 

	Power
	Connector
	Anderson Power 4pk
	Elliott
	 $      3.81 
	3
	 $      11.43 
	 $      11.43 

	Power
	Fuse
	10 A Blade 3 pk
	Radio Shack
	 $      1.99 
	1
	 $        1.99 
	 $        1.99 

	Power
	Enclosure
	Tool Box, Plastic 17800
	techni-tool
	 $    21.05 
	1
	 $      21.05 
	 $            -   

	Power
	Panel
	BP 75 W Solar Panel
	Affordable Solar
	 $  391.00 
	1
	 $    391.00 
	 $            -   

	Power
	Controller
	Morningstar SunSaver10 Charger
	Affordable Solar
	 $    48.00 
	1
	 $      48.00 
	 $            -   

	Power
	Wire
	18 gage red/black zip 8m
	Radio Shack
	 $      5.99 
	1
	 $        5.99 
	 $        5.99 

	Power
	Batteries
	SLA 12v 7ah rechargeable
	Radio Shack
	 $    34.99 
	4
	 $    139.96 
	 $            -   

	SCULL
	End Plugs
	Aluminum Plate 1/2" x 4" x 36"
	McMaster Carr
	 $    55.86 
	1
	 $      55.86 
	 $      55.86 

	SCULL
	Tube
	Polycarbonate Tube 6"x1/8"x12"
	McMaster Carr
	 $    33.22 
	1
	 $      33.22 
	 $      33.22 

	SCULL
	O ring
	254 O ring EPDM 10 pack
	McMaster Carr
	 $      9.30 
	1
	 $        9.30 
	 $        9.30 

	Sensor
	Thermometer
	Acu-Rite
	WalMart
	 $    12.00 
	1
	 $      12.00 
	 $      12.00 

	Sensor
	Pressure
	MPXA4250AC6U
	Digi-Key
	 $    14.96 
	1
	 $      14.96 
	 $      14.96 

	Tether
	Power
	Speaker Wire #16 x 2
	SWS
	 $    25.00 
	1
	 $      25.00 
	 $      25.00 

	Tether
	Signal
	Cat5 Network Cable
	SWS
	 $    40.00 
	1
	 $      40.00 
	 $      40.00 

	Tether
	Float
	Foam Backer Rod 9mm x 6m
	Ace
	 $      4.49 
	1
	 $        4.49 
	 $        4.49 

	Tether
	Connector
	Jack Phone Duplex
	Sutherlands
	 $      2.79 
	1
	 $        2.79 
	 $        2.79 

	Tether
	Connector
	Phone Handset Plug 10 pk
	Elliott
	 $      1.69 
	1
	 $        1.69 
	 $        1.69 

	Tether
	Connector
	RCA Jack 4 place
	Elliott
	 $      1.50 
	2
	 $        3.00 
	 $        3.00 

	Thruster
	Propeller
	3 blade 75mm d 50mm p Right
	Dumas
	 $    33.75 
	2
	 $      67.50 
	 $      67.50 

	Thruster
	Propeller
	3 blade 75mm d 50mm p Left
	Dumas
	 $    33.75 
	1
	 $      33.75 
	 $      33.75 

	Thruster
	Propeller
	3 blade 62mm d 50mm p Right
	Dumas
	 $    28.00 
	1
	 $      28.00 
	 $      28.00 

	Thruster
	Motor
	Rule 1100 Bilge Pump
	Amazon
	 $    31.05 
	3
	 $      93.15 
	 $      93.15 

	Thruster
	Motor
	Rule 500 Bilge Pump
	Amazon
	 $    18.88 
	1
	 $      18.88 
	 $      18.88 

	Thruster
	Clamp
	Hose Clamp #20 2 pack
	Lowes
	 $      1.83 
	2
	 $        3.66 
	 $        3.66 

	Thruster
	Shaft
	3/8" aluminum rod 3'
	Online Metals
	 $      1.92 
	1
	 $        1.92 
	 $            -   

	Thruster
	Nozzle
	3" ABS Sewer Pipe
	Lowes
	 $      4.02 
	1
	 $        4.02 
	 $        4.02 

	
	
	
	LIST TOTAL: 
	 $ 2,967.73 
	 

	
	
	
	ACTUAL TOTAL: 
	 
	 $ 1,299.12 


Babs

	Section
	Part
	Material
	Source
	 Total Cost 

	Electronics
	Connector
	DE 9 pin connectors
	Elliott
	 $       2.00 

	Electronics
	Connector
	Molex 8 pin KK shells
	Digi-Key
	 $       2.65 

	Electronics
	Connector
	Molex pins
	Digi-Key
	 $       2.00 

	Electronics
	Controller
	Sony Play Station 2
	WalMart
	 $     20.00 

	Electronics
	Controller
	RSCA Dual Speed Controller
	Cathode Corner
	 $   308.76 

	Electronics
	Controller
	RTX ROVotron Transmitter
	Cathode Corner
	 $   128.13 

	Electronics
	Controller
	RRX ROVotron Receiver
	Cathode Corner
	 $   105.72 

	Electronics
	Controller
	Card cage metalwork
	Precision Tool
	 $   175.00 

	Electronics
	Seal
	104 O Ring
	McMaster Carr
	 $       4.82 

	Electronics
	Torpedo
	Capacitor 2200uf 63V
	Digi-Key
	 $       3.41 

	Electronics
	Velcro
	Industrial 2" x 4' Black
	Ace
	 $     10.99 

	Float
	Clamp
	Hose Clamp Stainless #72
	Lowes
	 $       3.66 

	Float
	End cap
	UHMW Plastic 1/2" thick
	McMaster Carr
	 $     13.10 

	Float
	O ring
	EPDM 245 16 pk
	McMaster Carr
	 $       9.56 

	Float
	Tube
	2 Qt Storage Container
	WalMart
	 $     13.94 

	Frame
	Paint
	Krylon Banner Red 12oz can
	WalMart
	 $       2.97 

	Frame
	Structure
	Steel strap 1/2" x 1/8"
	Aztec Welding
	 $       2.40 

	Gimbal
	Base
	Aluminum 3/16" x 4" x 4"
	Online Metals
	 $     13.97 

	Gimbal
	Camera
	Defender 82-12836 color camera
	MCM Electronics
	 $     89.99 

	Gimbal
	Light
	Luxeon LED 3W Star White
	Dan Bolin
	 $     14.40 

	Gimbal
	Pivot
	Spring, wave, 26mm ID
	McMaster-Carr
	 $       0.42 

	Gimbal
	Servo
	HiTec HS-645MG
	Hobbytown USA
	 $     39.50 

	Gimbal
	Structure
	Aluminum Sheet 5052 0.050"
	Online Metals
	 $       4.19 

	Gimbal
	Top
	Polycarbonate Sheet 1/8"x6"x12"
	McMaster Carr
	 $       6.64 

	Manipulator
	Arms
	Polycarbonate Sheet 1/8"x6"x12"
	McMaster Carr
	 $       6.64 

	Manipulator
	Body
	UHMW Plastic 1-1/2" x 1"
	McMaster Carr
	 $       6.70 

	Manipulator
	Hoops
	Brass Rod 1/8"
	Lowes
	 $       2.17 

	Manipulator
	Motor
	Rule 1100 Bilge Pump
	Amazon
	 $     73.44 

	Manipulator
	Screw
	Aluminum Rod 1/2"
	Ace
	 $       4.49 

	Manipulator
	Spacer
	Aluminum Rod 1/4"
	Ace
	 $       2.99 

	Manipulator
	String
	Monfilament 20#
	WalMart
	 $       2.50 

	Power
	Batteries
	SLA 12v 7ah rechargeable
	Radio Shack
	 $   139.96 

	Power
	Connector
	Anderson Power 4pk
	Elliott
	 $     11.43 

	Power
	Controller
	Morningstar SunSaver10 Charger
	Affordable Solar
	 $     48.00 

	Power
	Enclosure
	Tool Box, Plastic 17800
	techni-tool
	 $     21.05 

	Power
	Fuse
	10 A Blade 3 pk
	Radio Shack
	 $       1.99 

	Power
	Panel
	40 W Solar Panel
	UL Solar
	 $     78.84 

	Power
	Switch
	DPDT 20A Center Off
	Radio Shack
	 $     15.96 

	Power
	Wire
	18 gage red/black zip 8m
	Radio Shack
	 $       5.99 

	SCULL
	End Plugs
	Aluminum Plate 1/2" x 6" x 12"
	Online Metals
	 $     16.32 

	SCULL
	O ring
	EPDM 253 10 pack
	McMaster Carr
	 $       9.27 

	SCULL
	Tube
	Polycarbonate Tube 6"x1/8"x12"
	McMaster Carr
	 $     33.22 

	Sensor
	Pressure
	MPXA4250AC6U
	Digi-Key
	 $     14.96 

	Tether
	Float
	Foam Backer Rod 7mm x 6m
	DKHardware
	 $     15.80 

	Tether
	Power
	Speaker Wire #16 x 2
	HomeDepot
	 $     23.51 

	Tether
	Signal
	Cat5 Network Cable
	SWS
	 $     25.00 

	Thruster
	Clamp
	1-1/2" Steel Tube 16 ga
	Aztec Welding
	 $       1.38 

	Thruster
	Motor
	Rule 1100 Bilge Pump
	Amazon
	 $   187.38 

	Thruster
	Prop Blade
	0.032" x 1" x 12" Brass
	Ace
	 $       5.97 

	Thruster
	Prop Hub
	1/4"-28 Brass Nut
	Sutherlands
	 $       0.90 

	Thruster
	Shaft
	Aluminum Rod 3/8"
	Ace
	 $       6.99 

	Thruster
	Shroud
	3" Steel Tube 16 ga
	McMaster Carr
	 $     36.62 

	Thruster
	Support
	1/8" Steel Rod
	Lowes
	 $       2.58 

	Torpedo
	Battery
	2CR5
	WalMart
	 $     29.88 

	Torpedo
	Controller
	PC Board, bare
	Advanced Ckts
	 $     24.00 

	Torpedo
	Controller
	PC board components
	Digikey
	 $     19.50 

	Torpedo
	Ends
	1-1/2" UHMW Rod
	McMaster Carr
	 $       3.36 

	Torpedo
	Housing
	1-1/2" Polycarbonate Tube
	McMaster Carr
	 $     11.37 

	Torpedo
	Launcher
	Solenoid, lawn sprinkler
	Ace
	 $     12.45 

	Torpedo
	Magnet
	1/2" x 1/4" Rare Earth
	McMaster-Carr
	 $     20.76 

	Torpedo
	Motor
	6v 4350 RPM
	AmSciSurplus
	 $       2.97 

	Torpedo
	Nose
	UHMW Plastic 1/2" thick
	McMaster Carr
	 $       6.55 

	Torpedo
	O ring
	EPDM 123 25 pk
	McMaster Carr
	 $       7.85 

	Torpedo
	Payload
	Plastic Tube 7/8" x 36"
	Aztec Welding
	 $       9.99 

	Torpedo
	Shaft
	Aluminum Rod 3/16"
	Ace
	 $       1.39 

	Torpedo
	Support
	Aluminum Strap 1/16" x 3/4"
	Ace
	 $       6.99 

	
	
	
	
	

	
	
	
	TOTAL:
	 $ 1,937.33 
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Section�
Part�
Material�
Source�
 Unit Cost �
Quanity�
 Total Cost �
�
�
�
�
�
�
�
�
�
Float�
Float�
Glass Microspheres�
Infinity�
 $       14.99 �
2�
 $        29.98 �
�
Float�
Float�
Resin�
Lowes�
 $       17.49 �
2�
 $        34.98 �
�
Float�
Float�
Plastic Filler�
M&M Paint�
 $       21.56 �
1�
 $        21.56 �
�
Float�
Retainer�
Aluminum 1/8" x 1/2" x 4"�
Ace�
 $         4.99 �
1�
 $          4.99 �
�
Frame�
Paint�
Krylon Banner Red 12oz can�
WalMart�
 $         2.97 �
2�
 $          5.94 �
�
Power�
Batteries�
SLA 12v 7ah rechargeable�
iii�
 $       14.99 �
4�
 $        59.96 �
�
Power�
Connector�
Anderson Power 4pk�
Elliott�
 $         3.81 �
1�
 $          3.81 �
�
Power�
Controller�
Morningstar SunSaver6 Charger�
Affordable Solar�
 $       48.00 �
1�
 $        48.00 �
�
Power�
Enclosure�
Tool Box, Plano�
Plano�
 $       21.05 �
1�
 $        21.05 �
�
Power�
Fuse�
10 A Blade 3 pk�
Radio Shack�
 $         1.99 �
1�
 $          1.99 �
�
Power�
Meter�
3 digit LED Panel Meter�
ebay�
 $       14.99 �
1�
 $        14.99 �
�
Power�
Switch�
DPDT 20A Center Off�
Radio Shack�
 $         3.99 �
4�
 $        15.96 �
�
Power�
Wire�
18 gage red/black zip 8m�
Radio Shack�
 $         5.99 �
1�
 $          5.99 �
�
�
�
�
�
�
�
 $              -   �
�
Control�
Arduino�
Uno Circuit Board�
Sparkfun�
 $       29.95 �
1�
 $        29.95 �
�
Control�
Computer�
Acer Aspire One�
Walmart�
 $     248.00 �
1�
 $      248.00 �
�
Control�
Gamepad�
Logitech Gamepad�
Target�
 $       19.98 �
1�
 $        19.98 �
�
�
�
�
�
�
�
 $              -   �
�
�
�
�
�
�
�
�
�
�
�
�
�
TOTAL=�
�
 $      567.13 �
�
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