INTRODUCTION

The vision of this project is to develop a low cost thruster for use in a wide variety of remotely operated and autonomous underwater vehicles.  This is the third iteration of the project.  The newest design is an improvement in many areas over previous designs including power, reliability, depth, cost, ability to produce large quantities (15-30), and the ease of which they can be produced.  The design is based off of a Minn-Kota Endura 30 electric trolling motor.  It is bi-directional, speed controllable, runs on a 12-volt DC power supply, and is capable of continuous operation at moderate shallow-water depths over 300ft. 

MOTIVATION

The goal of this project was to further the design of a low cost thruster for use by the Santa Clara University underwater robotics program.   This improved design will increase the development of the underwater program on campus by allowing underclassmen to get involved earlier in the Robotics Systems Lab (RSL).  It will also help to spark interest of Junior High and High school students through possible applications in advanced marine experimentation.

SYSTEM OVERVIEW

Year One

Four students completed the first design iteration, from the graduate Ocean Engineering class, Pat Connolly and Scott Hills, and two students from the undergraduate Robotics Laboratory class, Paul Mahacek and Adam Moreland.  The goal was to develop a prototype of a low-cost thruster, which can be seen in Fig. 1.  

[image: image1.jpg]



Fig. 1 Low Cost Thruster Prototype

While many valuable conclusions resulted from this design it was determined that due to cost, manufacturing/assembly time and especially the lack of thrust, serious modifications would be needed to make the thruster feasible.  

Year Two

The main goal of the second iteration was to develop more thrust from the motor.  A Pitman GM9236S014 gearmotor, seen in Fig. 2, was used and tested with several different propeller designs and configurations resulting in an in-depth power analysis of the motor and propellers.  
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Fig. 2 Pittman GM9236S014 gearmotor

While many improvements were made to both the thrust output from the motor and propeller combination and the depth rating of the housing, both the material price and manufacturing time increased significantly.  The new housing developed in the second year can be seen in Fig. 3.
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Fig. 3 Exploded view of housing unit, with electronic component attached to rear end cap (left) and motor/gearbox assembly attached to front end cap.

Year Three

At the beginning of this iteration it was thought that further improvements on the current design would be sufficient to achieve the original goals.  Mass-producing a plastic end cap, using stock materials for the housing (PVC or ABS tubing in standard sizes), and utilizing the motor/prop setup from the previous year were all looked at for cost and time saving.  The hardest part being to get an easily manufactured end cap that would provide a strong enough seal to ensure a decent depth rating for continuous operation. 

New Direction

By stepping back to look at the bigger issue it was decided to approach the problem from a different angle.  We set out to look at the feasibility of an electric trolling motor.  Minn-Kota, a company known for a reliable product (which we have already used in other applications), carries a full line of fresh and saltwater trolling motors.  The Endura 30 (Fig. 4) was selected for its low cost (less than the Pittman motor alone, and less half the target cost ).  It is rated to 30lbs of thrust, runs on 12 volts DC, is reversible for bi-directional control and voltage or pulse width modulation can be used for speed control.  For saltwater use, a zinc anode can be attached to help prevent corrosion.
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Fig. 4 Minn-Kota Endura 30 Electric Trolling Motor

Modifications

The standard thruster has a mounting system to be attached to a boat.  In order to mount it on an ROV several modifications are needed.  

1. Removal of the composite shaft  

a. A simple hacksaw will just fine, but the power leads run through the shaft so be careful not to cut these.

b. The cut should be made just above the aluminum housing.

c. Be careful not to knock any dust into the housing as any debris that enters can cause problems later.

2. Potting

a. Now you will need to open the housing, so make sure that you have a very clean working surface.

b. First remove the prop, and then unscrew the two bolts holding the housing together.  

c. As you pull the motor apart pay close attention to the order and placement of parts so it will go back together properly.

d. Any epoxy will work well for the electrical potting, but marine grade will work best and can be found at your local hardware store.  Always follow all safety precautions when using hazardous materials.

e. To prep take a fine grit sand paper (higher = finer) and lightly scuff the insulation on the power leads (the red and black wires) to give a good adhesion to the epoxy.

f. Create a stopper out of paper towels in the bottom of the hole left from the shaft.

g. Use packing tape on the inside of the housing to seal around the paper.

h. Mix the epoxy according to the package directions, and pour a small layer over the stopper (just enough the soak into the paper)

i. Make sure that the epoxy has not leaked through into the housing.

j. Let this cure 20-30min then pour another small layer to make sure that the bottom has a very good seal.

k. Cure 15-25 min and then fill the rest of the volume (should be ¾ to 1 inch thick), making sure to separate the two power leads and pour epoxy between them (if they are next together it may form small air gaps that may leak)

l. Prop the thruster in the upright position and allow curing for 24hrs.

3. Sealing 

a. Now reassemble the housing, making sure not to get any dirt into the housing.  Each gasket should receive a generous coating of silicone sealant.

b. Follow the opposite order to reassemble the housing, and reattach the prop.

Depth Rating

The biggest issue to determine if the thruster would work is the depth rating.  Thanks to support from the Monterey Bay Aquarium Research Institute (MBARI), who provided the use of their pressure chamber, we were able to get a depth rating.  Just from a materials standpoint the housing is made from .125 wall thickness aluminum.  With a 2 ½” outside diameter this would be capable of going to 6000ft.  This shows that the limiting factor will be the seals.  The thruster was rigorously tested under operation over 200psi (approx 450ft).  After sufficient testing the thruster is rated to 150psi (approx. 340m) over twice the original design specifications.
CONCLUSION

Previous work to develop a thruster did not sufficiently meet all goals, motivating the pursuit of an improved design. Among the improvements over the previous design are a more powerful motor, a more reliable waterproof housing, lower cost, and easy mass production.  To date a dozen more of the thrusters have been ordered and are waiting to be modified for use on a multi-robot shallow water platform.
PAGE  
4

