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Introduction
In the fall of 2001, the Monterey Bay Aquarium Marine Institute (MBARI) of Moss Landing, California, contacted Brooke Ocean Technology Limited (BOT) of Dartmouth, Nova Scotia, Canada, about developing a Launch And Recovery System (LARS) for its Dorado AUV. MBARI had recently acquired and commissioned the R/V Zephyr, a 26m former pilot vessel, and intended to use it as the platform for their AUV operations involving the Dorado AUV.
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Figure 1 - R/V Zephyr launching MBARI's Dorado AUV
Need for LARS on Zephyr

Having the Zephyr available as an AUV platform allows the AUV team to extend the operating range of the vehicle. Launching the AUV from dockside, while possible, is not desirable and presents the challenges of narrow channels, harbor traffic, and long transits out to survey locations. The LARS installed on Zephyr allows deployment and recovery offshore in up to sea state 3 conditions. The Zephyr's small size provides an economical alternative to larger research vessels for AUV operations.
Description of Dorado AUV
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 a specially designed joining ring.
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. 

Figure 3 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 the tether will also act as the charging means for a medium-rate charge.
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Figure 3 - Typical Dorado Configuration
The Dorado tailcone, the result of a joint development between MBARI and Bluefin Robotics, contains the mechanical equipment necessary to provide steering and propulsion to the vehicle. 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:

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

· Linear actuator providing a torque of at least 5Nm and accuracy of at least 0.5 degrees 
· Robust design capable of high impact resistance during launch and recovery
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Figure 4 - MBARI Tailcone

The propulsion motor is a pressure compensated brushless DC motor, controlled by an amplifier and motion control chipset. 

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. The duct substantially protects the propeller from entanglement by lines, seaweed, ice, and other hazards  and will also minimize the potential damage that can occur during launch and recovery in high sea states.

The two linear actuators control the duct that steers the vehicle.  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  equating to a controlled turn of nearly 10 degrees per second.

The rest of the tail cone is filled with a 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.

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

The Dorado nose section has been configured with a suite of oceanographic instrumentation that enables the AUV to collect substantial water-column data. Instrumentation includes dual FastCAT SBE-49 CTDs for measuring conductivity, temperature, and water pressure, and one SBE-43 for measuring dissolved oxygen and one Hobie Labs Hydroscat-2 is used for measuring turbidity and chlorophyll fluorescence. Sensors that may accompany this core suite are sensors  for measuring and analyzing nutrients through UV absorption spectra, for measuring particle sizes in the water, and a bathyphotometer for measuring bioluminescence.  For cold weather missions an ice profiling sonar can be used for measuring ice thickness.  Figure 5 shows the nose cone configured for Arctic, under ice data collection.
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Figure 5 - ALTEX Science Payload Nose Section

Description of Zephyr
In 2001, MBARI was fortunate to acquire the Pilot Vessel San Francisco, donated by the San Francisco Bar Pilots Association after nearly 30 years of service as a Pilot Vessel. On September 4, 2001, the vessel was rechristened R/V Zephyr, and now operates it as the primary support ship for MBARI's AUV program. The Zephyr is a 134 ton, 26m steel vessel. The twin-engine vessel is equipped with hydraulic power units, air compressors and electrical generators. 

When considered for use as an AUV platform, the Zephyr did have some restrictions. With a beam of 24 ft. the vessel could not maintain stability with the largest Dorado AUV version being lifted from the side. Lifting from the stern became a main requirement for the LARS.
Concept Selected
Stability issues, combined with the lack of a lifting point on the AUV, ruled out crane based systems. MBARI decided to proceed with a cage concept offered by BOT.  This unique system consists of a steel J-frame that is used to overboard a capture mechanism that features a compliant target zone, a nose latching system and lifting straps. The compliant target zone minimizes the effect of impact on the AUV, and required modifications to the AUV for this type of system are limited to the addition of a small titanium towhook. 
Description of LARS components
The major components of the LARS are:

· A welded steel pivoting crane structure (the J-frame) is the overboarding mechanism for the capture mechanism and AUV  It is constructed of steel, the J-frame can rotate through 130° from the inboard to the fully outboard position.  

· A suspended aluminum lifting frame (the capture mechanism). Suspended from the cross pipe of the J-frame. This aluminum structure contains the horizontal slide assembly with latching nose block, the inflatable target hose assemblies and the hydraulic winch with lifting cables and straps, and capture bumpers. The main backbone of the capture mechanism has a removable section, allowing it to be shortened and lengthened to suite the length of AUV being handled. A hydraulic disc brake provides damping to the capture mechanism pivot motion.

· A towing hook on the AUV, and a towline assembly
· A horizontal slide assembly with a soft latching nose block. The nose block slides on a vertical track, allowing the AUV to rise and fall with the wave motion. The vertical track assembly slides on a horizontal track, allowing it to be located at the aft end of the capture mechanism when the vehicle is latched to the nose block, and then brought forward through the target hose assemblies. 

· Target hose assemblies These are inflated to 120 psi to provide a semi-rigid target cage for the AUV. The lifting cables and straps are enclosed in Velcro pockets attached to the target hose assemblies, allowing them to tear free once hoisting starts. The hoses are deflated when the system is inboard allowing them to fold and clear the ship’s deck.

· A hydraulic winch with lifting cables and straps. The winch can hoist each end of the three straps simultaneously, and s equipped with a limit mechanism to prevent overhoisting and lowering too far.
· A hydraulic and pneumatic control valve block located with the vessel control console on the aft deck.
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Figure 6 - LARS components
Recovery of AUV

Initial recovery requires towline attachment to the AUV. A pole system is used to attach the towline. The pole has a Y-shaped end, which the towline is strung across, and used to snag the AUV towhook. The Zephyr approaches the AUV, orienting the stern of the vessel close to the nose of the AUV. Once the towline is hooked into the towhook, the line is released from the Y-pole, and pulled through the towhook. A stopper at the end of the towline seats in the towhook, allowing the AUV to be towed. The towline is reeved through the soft nose block, located on the capture mechanism, to a capstan on the deck of Zephyr. 
The capture mechanism is then deployed by moving the J-frame to the outboard position until the target hoses are half submerged at the mean water level.  Initially, the AUV was pulled into the nose block using the towline, however, the AUV is difficult to tow, and it tended to shoot off to the side and ahead of the nose block. It has proved easier to back the vessel toward the AUV, taking up the slack on the towline. The stern helm controls and maneuverability of the Zephyr easily allow this approach.
With the AUV drawn into the soft nose block, a stainless steel bar latches to the nose hook. The nose block and latch are able to freely travel ± 3 feet on a track to compensate for vessel pitch. Using the towline, the latched AUV and the horizontal slide assembly is then drawn through the guiding hoses and lifting straps to the forward lock position. Towline tension reduces the effects of water drag on the capture mechanism, and minimizes pitching during hoisting.

Once the AUV is locked into the forward position, the winch draws the AUV securely against the capture bumpers.  The hoist limit mechanism stops the winch when the AUV is in the highest allowable position on the hull bumpers. 

The J-frame is then brought inboard until in its final position over the deck cradle and the AUV is lowered into the deck cradle using the winch control.  The pivot brake provides damping to prevent excessive rotation of the capture mechanism. The LARS is then secured to the deck using diagonal cables.  
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Figure 8 - Preparing to launch the Dorado AUV


Launch of AUV

The method of launching the AUV is virtually the reverse of the recovery procedure except simpler, because the towline does not need to be attached. 
 
Conclusion
Since the successful installation and trials of the LARS on the Zephyr in February of 2003, MBARI has been performing AUV operations regularly. They were able to use the LARS with Bluefin Robotic's AUV, similar in size to MBARI's Dorado, with minimal modification to the vehicle. 
The J-frame has proven to be a useful addition to the Zephyr, extending its functionality beyond LARS duty with the removal of the capture mechanism, to include operations such as mooring deployment and retrieval, towing applications and rosette deployments. 
The challenge of providing a LARS to handle a larger vehicle from small vessel has resulted in an AUV system that provides the scientific community with an efficient solution for AUV operations. 
Brooke Ocean Technology Ltd.

Brooke Ocean Technology Ltd.


_1090329705.doc


Main







Vehicle







Computer







Power/







Comms







Tether







Prop







Batt







 3







Batt







 2







Batt







 1











Fast Charge�Tether







Payload







Data-Con







CTD







O







2







ISUS







OBS
















