MBARI’s AUV development focuses on building a modular, easily reconfigurable vehicle that can be modified out at sea for different missions. The basic configuration of the vehicle consists of a 21’’ diameter axisymmetric free-flooding fairing containing a number of discrete pressure vessels and pressure tolerant electronics.  The vehicle has a power and communications backbone that allows sections and payloads access to power and vehicle control and data. Every vehicle has a tail section that contains the main vehicle computer and propulsion system, and various sensors and beacons. The next vehicle section forward of the tail could be a Nosecone with batteries or any parallel mid-body with instrumentation or energy storage. The modular sections attach to each other by means of 0.5334 m (21”) bicycle rims, which provide the structural support for joining the vehicle together. Marmon-style band clamps are then clasped around the rims to hold the sections together.
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Fig. 1. Joining Ring and Two Bottom Hull Sections
In each section payloads need to conform to the vehicle specification of deep water operation. This includes providing enough flotation to provide adequate buoyancy for its own section to the specified depth, which is currently 4500 m. Interfacing to the bus is done through the standard bus connector, a Seacon MIN-K-10. This connector has raw DC power from the energy source, 100 Base-T Ethernet, and 1 Mbps CANbus. Each section must pass these signals on to the sections joining to it.

Fig. 2 depicts the vehicle bus and main housings for a typical mid-water vehicle. A tether can be attached to the power/comms tether whip for data transfer at speeds up to 100 Mbps and for shore power. When in situ rechargeable batteries are installed (September 2002) the tether will also act as the charging means for a medium-rate charge.
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Fig. 2. Typical Dorado Configuration
The Dorado tailcone contains the mechanical equipment necessary to provide steering and propulsion to the vehicle. The tailcone currently used was the result of a joint development between MBARI and Bluefin Robotics. The items in the tailcone include: propulsion motor and gearbox, propeller and ducted control surface, linear actuators, motor micro-controller, pressure compensator, and syntactic foam flotation.  Initial testing helped us to arrive at the following design criteria:
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Fig. 4. MBARI Tailcone

· Minimum of plus/minus 15 degree range of duct movement

· Linear actuator Torque of at least 5Nm

· Linear actuator accuracy of at least 0.5 degrees

· Robust design capable of high impact resistance during launch and recovery

The propulsion motor chosen for the propeller is a brushless DC motor, controlled by an amplifier and motion control chipset. The motor is connected to a 10:1 planetary gearbox allowing an operational propeller speed of 100 RPM to 400 RPM.  The propulsion system is compensated and lubricated with Shell Tellus 22 oil.

The design of the ducted control surface and propeller screw was done in conjunction with the AUV lab at MIT. This integrated system was chosen to enable the vehicle to have several important features. Foremost among these features is increased efficiency. An additional genesis of the duct concept was the requirement to protect the propeller and control surfaces from damage occurring from natural and operational sources.  The duct substantially protects the propeller from entanglement by lines, seaweed, ice, and other hazards.  The inherent strength of a ducted ring will also minimize the potential damage that can occur during launch and recovery in high sea states.

The two linear actuators are manufactured by Ultra Motion and are used to control the duct that steers the vehicle.  A parallel driven stepper motor coupled with a 0.083 pitch ACME lead screw drives the actuators. This configuration results in a 2” linear stroke.  Each actuator is housed in a pressure-balanced oil filled case. Each of the actuators is responsible for one direction of vehicle control. One is responsible for providing movement of the duct in a vertical component  (Pitch) while the second actuator provides movement in the horizontal component (Yaw). The actuators are capable of working simultaneously to provide plus/minus 15 degrees of duct movement.  This equates to a controlled turn of nearly 10 degrees per second.

The rest of the tail cone is filled with a 0.4318 m (17”) diameter glass sphere housing the main vehicle computer (MVC) and other one atmosphere electronics, navigation instruments, and tracking devices. An RDI Workhorse Navigator DVL is rigidly mounted to the MVC sphere plate so that only a one-time calibration to the compass is needed. Other instruments in this section include transducers for long baseline navigation and ultra short baseline tracking, strobe and radio beacons, RF and GPS antennas, and a pressure sensor.

A. Battery Mid-Body Section

The Dorado vehicle makes use of Bluefin Robotics’ pressure tolerant lithium polymer Smart Batteries. The initial configuration will be a short mid-body section designed to hold three 1 KW-hr batteries, wired in parallel, which should store 3 KW-hr of energy.

B. Science Nose Section

One of the Dorado nose sections has been configured with a suite of oceanographic instrumentation that enables the AUV to collect substantial water-column data.

The instrumentation carried in the nose includes several SeaBird instruments including dual FastCAT SBE-49 CTDs for measuring conductivity, temperature, and water pressure, and one SBE-43 for measuring dissolved oxygen. Several SBE-5T pumps are used to assure adequate water flow to the sensors.  One Hobie Labs Hydroscat-2 is used for measuring turbidity and chlorophyll fluorescence. Sensors that may accompany this core suite are: MBARI ISUS for measuring and analyzing nutrients through UV absorption spectra, the Sequoia Scientific LISST-100 for measuring particle sizes in the water, and a bathyphotometer for measuring bioluminescence.  For cold weather missions an ASL IPS4 ice profiling sonar can be used for measuring ice thickness [4]. An alternative to placement of the IPS is to use the RDI Workhorse Navigator DVL for determining distance to the underside of the ice. Fig. 5 shows the nose cone configured for Arctic, under ice data collection.
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Fig. 5. ALTEX Science Payload Nose Section
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