4. DORADO TAILCONE DESIGN

MBARI engineers designed the Dorado tailcone with a specific purpose in mind. That purpose was to provide an efficient, robust propulsion and steering mechanism for the AUV that would enable it to successfully complete long missions and survive possible collisions during launch and while underway.  In the past, many AUVs have used fins to control heading and elevation. While these provide an efficient means of steerage, they are also subject to damage during launch and recovery and in the event of a collision during the mission.  This damage would then result in a failure to complete the rest of the mission, as well as a potentially costly and time-consuming repair. With this in mind, the Dorado tailcone design was based upon an articulating, ducted prop which would be quite robust while still providing excellent steerage.  The following section will describe the Dorado tailcone specifications and assumptions, selected components, design approach, assembly and subassembly design and description, system and subsystem tests, cruise results, and remaining issues.

A. Specifications and assumptions

The following specifications and assumptions were used as a design baseline for the tailcone:

1. A maximum rudder/elevator angle of +/- 15 degrees (based upon MIT  Odyssey vehicle). Without knowing the actual behavior of the vehicle with a duct used for steerage, it was felt that the duct should be at least as efficient as the fins used in the Odyssey vehicle with a comparable control surface area.

2. All housings to be pressure compensated to 2-5-psig overpressure. The housings and pressure compensator were designed and selected based upon this assumption so that the housings had a positive pressure differential during the worst case operating conditions (cold water, maximum depth, etc) to prevent possible leaks past seals.

3. A prop speed of 300 rpm nominal, 400 rpm maximum. This was based upon a resulting vehicle cruise speed of 3 knots and maximum speed of 4 knots.

4. A maximum operating depth of 4000m. 

5. The tailcone assembly shall extend no further forward than 23” forward of the 8” diameter point of the hull. This was based upon an interface agreement between MBARI and MIT engineers that left sufficient room for the remainder of the equipment included in the tail section of the AUV.

6. The tailcone will be modular with a simple bolt pattern used to install and remove from the vehicle This enables the tailcone to be easily tested independently from the rest of the vehicle and allows it to be quickly removed for maintenance or repair.

B. Selected Components

1. Linear actuators from Ultra Motion were selected for pivoting the tailcone. These actuators are stepper motor driven with a linear potentiometer built in for feedback. They provide the required stroke, thrust, and fit into the space available.

2. An Aveox 2315 brushless DC motor and a CGI single stage planetary gearbox were selected for propulsion. They provided the required torque and speed at high efficiencies for both the 300 and 400 rpm speed requirements.

3. An Aveox motor controller board. This board was readily available and provided a seamless interface for driving the Aveox motor.

4. Tellus comp fluid. This fluid has been used successfully by MBARI in other drive systems subject to the same depth and temperature extremes and provides the lubricity required for gears while also acting to inhibit corrosion.

C. Design Approach

1. Lightweight aluminum frame acts as support frame for tailcone. This frame was designed to take maximum actuator forces and provide range of motion required for components.

2. A ring inside of a ring decoupled gimbal design was used for the actuators. This design simplifies the controls and mechanical design while satisfying the motion requirements.

3. The pressure compensated housings for the actuators, thrust motor, and micro-controller are made of plastic. This minimizes the weight required for these housings while taking advantage of the relatively low pressures incurred due to pressure compensation.

4. An off the shelf pressure compensator was selected for the tailcone. This minimizes the use of “custom” parts while satisfying the requirements for the tailcone.

5. A separate compensation system was used for the micro controller housing and the other components. This 

